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TWO DIMENSIONAL TREES TO EDIT GRAPH-LIKE DIAGRAMS

BACKGROUND

[0001] Computing systems have revolutionized the way we work and play.
Computing systems come in a wide variety of forms including iaptop computers, desktop
computers, personal digital assistants, telephones, and even devices that have not been
conventionally associated with computing systems such as, for example, refrigerators and
automobiles. Computing systems may even comprise a number of constituent computiﬁg
systems interconnected via a network. Thus, some computing systems may be small
enough to fit in the palm of the hand, while others are spread over much of the globe.
[0002] One area of compﬁting technology that has becon;le increasingly popular is
graphical modeling, which allows a user to visually display graph-like diagrams such as
flow diagrams of numerous sysfems, services, or processes. Examples of diagrams
include work flow diagrams, data flow diagramis, E-R diagrams, business process
diagrams, and the like. More speciﬁcally, such graph-like diagrams allow users to
visually communicate the functionality, behavioral aspects, and relationships of the
various components or elements for different computing or other éystems, business or
project models, or the like; thus allowing for the efficient communication o;t' often
complex systems or processes.

[0003] For exaxﬁple, a graph-like diagram may visualize the flow of a sales
transaction. The elements and components of the flow diagram may represent such events
as selecting desired products, placing an order, arranging delivery and payment. The

diagram may also visualize the entities that perform the tasks listed above. For very
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complex sales transaction with numerous éntities involved, viewing the transaction
graphically may be easier to comprehend tha_m in other forms.

[0004] While graph-like diagrams are useful in visualizing systems and processes,
there are limitations on their usefulness. For example, as the diagrams get larger and more
complex, there may simply not be enough room to-display all of the components and
elements due to the size, resolution, and other capabilities of the display device. In other
words, the available display space and capabilities limit how many components and
objects can be viewed at one time. Tlﬁs is especially problematic for diagrams where a
user desires to display both the beginning and end of a process.

[0005] One solution would be to use a larger display device. However, this is
impractical for most users because of the cost this would entail. In addition, the diagrams
may become so large that no practical display device could display all of the elements of
the diagram. |

[0006] Another solution to the displa;y limitation commonly used is having the user
manually rescale the diagram. For example, users will often “zoom out” anytime a new
element is added to a diagram. While this solution may be effective for a diagram with
only a few elements, it does not work well for larger diagrams. The diagrams often
become unreadable after being zoomed oﬁt several times.

[0007] Another common solution is making r;xultiple diagrams that together contain all
of the required diagram elements in a readable size. However, this often can be time
consuming. In addition, thé flow or “mental map” of the diagram is often lost using
multiple diagrams, which can be frustrating to a user.

[0008] A further solution has been to create tools that automatically layout the
elements of the diagrams in an attempt to scale the diagrams in a readable form. However,

such tools implement complex algdrithms whose computational complexities make them
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very. slow to p*ocess. Anytime a new ‘element is added to the diagrém, the tools must
reprocess the algorithms a1.1d create a new diagram, making such tools impractical for an
interactive editor. Further, most of these algorithms reposition every element of thé
diagram when a new element is added. As a result, the user often looses his or her

“mental map” of the diagram, which can be annoying.
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BRIEF SUMMARY

[0009] The above-identified deficiencies and drgwback of current diagram generation
and display methods are overcome through example embodiments disclosed herein. Note
that this Summary is provided to introduce a selection of concepts in a simplified form that
are further described below in.the ﬁetailed Description. This Summary is not intended to
identify key features or esse;ltial features of the claimed subject matter, nor is it intended
to be use& as an aid in determinir;g the scope of the claimed subject matter.

[0010] One example embodiment provides for dynamically laying out a graphical
diagram based on a graph-like visual langliage into a two dimensional tree-like structure to
allow ease of user interaction with and optimal display. In this embodiment, a graphical
tree-like structure is displayed. The graphical tree-like structure includes at lea;t one
branch that starts a root of the graphical tree-like structure and includes one or more sub-
portions that are configured to be modified in a vertical direction and a horizontal
direction. The sub-portions represent an overall object model in terms of functional
relationships and internal behaviors for one or more objects, attributes, operations, and
associations. User input is then received that modifies one or more of the sub-portions.
Based on the user input, one or more sub-portions are dynamically modified vertically,
horizontally, or both for ease of user interaction, optimization of the display of the

graphical tree-like structure or both.

[0011] Another example embodiment also provides for dynamically laying out a flow

diagram based on a graph-like visual language into a two dimensional tree-like structure to
allow ease of user interaction with and optimal dis1.>1ay. In this embodiment, a graphical
tree-like structure is displayed. The graphical .tree-like structure includes at least one
branch that starts at a root of the tree-like structure and includes a plurality of sub-

portions. At least one of the sub-portions is also an end portion. The sub-portions portions
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represent an overall object model in terms of functional relationships and internal
behaviors for one or more objects, attributes, operations, and associations. User input is
then received that modifies one or more of the sub-portions other than the end portion.
Based on the user input, one or more sub-portions other than the end portion are scaled,
expanded, or collapsed without also modifying the end portion. This modification allgws

for ease of user interaction, optimization of the display of the graphical tree-like structure

" or both.

[0012] A further example embodiment provides for persistently retaining in memory
modifications made to one or more sub-branches of a graphical tree-like structure when
the application displaying the graphical tree-like structure is exited. In this embodiment,
an application that displays a graphical tree-like structure is activated. The graphical tree-
like structure includes at least one branch that starts at a root of the tree-like structure and
includes one or more sub-branches that model a system, service, or process in terms of
functional relatibnships and internal behaviors for one or more .objects, attributes,
operations, and associations. User input is received that modifies at least one sub-branch.
Based on this user input, the modification is maintained in persistent memory. Upon
reactivation of the application at a later time after a user has exited the application, the
graphical tree-like structure is displayed as it appeared before the application was exited.

[0013] Additional features and advantages of the invention will be set forth in the
desqription which follows, and in part will be obvious from the description, or may be
learned by the practice of the invention. The features and advantages of the invention may
be realized 'and obtained by means of the instrumen’;s and combinations particularly
pointed out in the appended claims. These and other features of the present invention will.
become more fully apparent from the following description and appended claims, or may

be learned by the practice of the invention as set forth hereinafier.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] In order to describe the manner in which-the above-recited and other
advantageous features of the invention can be obtain;ed, a more particular description of
the invention briefly described above will be rendered by reference to specific
erﬁbodiments thereof which are illustrated in the appended drawings. Understanding that
these drawings depict only typical embodiments of the invention and are not therefore to
be considered to be limiting of its scope, the invention will be descﬁbed and explained.
with additional specificity and detail through the use of the accompanying drawings in
which:
[0015] Figure 1 illustrates a computing system for dynamically displaying a grapfl-like
visual language as a graphical two dimensional tree-like structure;
[0016] Figure 2A illustrates an example of a graph-like visual language;

[0017] Figure 2B illustrates the graph-like visnal language of Figure 2A displayed as a

. graphical two dimensional tree-like structure in.accordance with example embodiments;

[0018] Figure 3A illustrates an example graphical two dimensional tree-like structure
in accordance with example embodiments;

[001‘.9] Figure 3B illustrates modifications made to the graphical two dimensional tree-
like structure of Figure 3A;

[0020] Figure 3C illustrates further. modifications to the graphiczil two dimensional
tree-like structure of Figure 3A;

[0021] Figure 4A illusﬁates another example grapI;ical two dimensional tree-like
structure in accordance with example embodiments;

[0022] Figure 4B illustrates modifications made to the graphical two dimensional tree-

like structure of Figure 4A;
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[0023] Figure 4C illustrates further modifications to the graphical two dimensional
&ee-like structure of Figure 4A; |

[0024] Figure 5 illustrates a graphical one dimensional tree-like structure; .

[0025] . Figure 6 illustrates a flow chart of a method for dynamically laying out a flow
diagram of graph-like visual languages into a graphical twé dimensional tree-like structure
in accordance with example embodiments;

[0026] Figure 7 illustrates a flow chart of a method for persistently retaining in
memory modifications to one or more sub-branches of a graphical tree-like in accordance
with example embodiments;

[0027] Figure 8 illustrates a flow chart of a method for converting é graphical tree-like
structure into a graphical two dimensional tree-like structure in accordance with example
embodiments; and

[0028] Figure 9 illustrates a flow chart of a method for dynamically laying out a flow
diagram of graph-like visual languages into a graphical two dimensional tree-like structure

in accordance with example embodiments.
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DETAILED DESCRIPTION

[0029] The present invention extends to methods, systems, and computer program

. products for dynamically laying out a graph-like visual language into a two dimensional

- tree-like structure to allow for ease of user interaction and optimal display. The

embodiments of the present invention may comprise a special purpose or general-purpose
computer including various computer hardware or modules, as discussed in greater detail
below.

[0030] Example embodiments provide for several mechanisms that are configured to
overcome various deficiencies of current tools for léying out graph-like visual languages
in a way the allows for dynamic interaction and optimum display. For example, one
embodiment herein provides a mechanism for dynamically laying out flow diagrams in a
two dimensional tree-like structure. The graph-like visual language is displayed as a two
dimensional graphical tree-like structure. The graphical tree-like structure includes at
least one branch starting at a root of the tree-like structure and including sub-portions.
The sub-portions are used to represent an overall .object model in terms of functional
relationships and internal behaviors for one or more objects, attributes, operations, or
associations of the tree-like structure. The sub-portions may also include at least one end
portion, although this is not required for all embodiments.

[0031] The tree-like structure is displayed in a manner facilitating user interaction.
For example, user interactive (UI) elements may be displayed that control the modification
of the sub-portion. User interaction, such as selecting a Ul element, is received that
modifies one or more sub-portions that are not the end portion. The modifications include
scaling, collapsing, and expanding the sub-portions.

[6032] Based on the user interaction, the two dimensional tree-like structure is

dynamically modified. For example in some embodiments, sub-portions other than the
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end portion may be scaled to optimize the display of the tree-like structure in the available
display space or sub-portions may be collapsed or expanded to allow the viewing desired
sections of the tree-like structure regardless of how large the tree-like structure is. In other
embodiments, the sub-portions may be modified horizontally, vertically, or both.

[0033] Other embodiments allow for the persisting of modifications made to a tree-
like structure even when an application running the tree like sh'uct;ue is exited. For
example, an application is activated that displays graphical tree-like structures and
receives user input that modifies the graphical tree-like st;'ucnue in the manner of the
previous example. However, based on the user input, the modifications to the tree-like
structure are maintained in persistent memory. In addition, modifications to one sub-
portion that become hidden by subsequent modifications to other sub-portions may also be
maintained in the persistent memory. Upon reactivation of the application at .a. time after
the user has exited the application, the graphical tree-like structure is displayed as it
appeared before the application was exited. The maintaining of the modifications, both
visible and hidden, allow for the graphical tree-like structure to be displayed over time
without having to constantly redo modifications when the application is exited and
restarted. Further, maintaining the hidden states ensures that no sub-portions are lost when
the application is exited.

[0034] Further embodiments allow for the conversion of graph-like visual languages
and tree-like structures that cannot be modified into two dimensional tree-like structures
that can be dynamically modified. These embodiments also allow for the conversion of
one dimensional tree-like structures that include one branch starting at the root of the tree-
like structure and including a plurality ;)f sub-portions that model systems, services, and
processes and include an end portion. The sub-portions of the one dimensional tree-like

structure cannot be modified without also modifying the end portion, which is in contrast

, 9
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to a two-dimensional tree-like structure whose sub-portions can be modified without also
modifying the end portion. Converting these structures to the two dimensional tree-like
sh'uctur-e allows a user the ability to utilize the dynamic modification and display
optimization of the two dimensional tree-like structures. In addition, this allows the for
the automatic optimizing to the aspect .ratio of the available display screen or window by
automatically switching the orientation of the sub-portions betw'een vertical and horizontal
as needed.

[0035] Although more specific réference to advantageous features are described in
greater detail below with regards to the Figures, .embodiments within the  scope of the
present invention also include computer-readable media for carrying or having computer-
executable instructions or data structures stored thereon. Such computer-readable media
can be any available media that can be accessed by a general purpose or special. purpose
computer. By way of example, and not limitation, such computer-readable media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other medium which can be used to carry
or store desired program code means in the form of computer-executable instructions or
data structures and which can be accessed by a general purpose or special purpose
computer. When information is transferred or provided over a ﬁetwork or another
communications connection (either hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the{computer properly views the connection as a computer-
readable medium. Thus, any such connection is properly termed a computer-readable -
medium. © Combinations of the above should also be included within the scope of
computer-readable media.

[0036] Computer-executable instructions comprise, for example, instructions and dat.;a

which cause a general purpose computer, special purpose computer, or special purpose

10
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processing device to perform a certain function or group of functions. Although the
subjecf matter has been desédbed in language specific to structural features and/or
methodological acts, it is to be understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or acts described above. Rather,
the specific features and acts described above are disclosed as example forms of
implementing the claims.

[0037] As used herein, the term "module" or "component” can refer to software
objects or routines that execute on the computing system. The different components,
modules, engines, and services described herein may be implemented as objects or
processes that execute on the computing system (e.g., as separate threads). While the
system and“ methods described herein are preferably implemented in software,
implementations in hardware or a combination of software and hardware aré 'also possible
and contemplated. In this description, a “computing entity” may be any computing system
as previously defined herein, or any module or combination of modulates running on a
computipg system. |

[0038] Referring now to the drawings, Figure 1 illustrates a computing system 100
that may be used to implement the various embodiments disclosed herein. Computing
system 100 depicts various modules and components that can be used when implementing
the embodiments. Note that computing sglstem 100 is illustrated by way of exémple only
and should not be used to limit the scope of the appended claims or any of the
embodiments disclosed herein. In other words, there are numerous other computipg

systems and component configurations that may be used to implement embodiments

described herein.

[0039] Computing system 100 includes a graph-like visual language 110, which may

be used to model flow diagrams of systems, services, and processes. Common examples

11
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of graph-like visual laﬁguages include structure diagrams that emphasize what things
typically are in the system, service, or process being modeled, behavior diagrams that
emphasize what generally happens in the system, service, or process being modeled, and
interaction diagrams that emphasize the flow of control and data among the things in the
system, service, or process being modeled. Other common graph-like visual languages
include the various diagram types of the Unified Modeling Language (UML), entity
relationship diagrams in the database world, and business process diagrams for business
process design. In general, embodiments described herein apply to a graph-like visqal
language 110 that may be any general purpoée graph-like visual language. Accordingly,
any reference in this description to a specific graph-like visual language is for illustration
only and should not be used to limit the scope of the embodiments disclosed herein.

[0040] Computing system 100 also includes a design tool/application 120 that
facilitates the display of graph-like visual language 110 as a two dimensional tree-like
structure 190. Design tool/application 120 also facilitates the dynamic modification of the
displayed two dimensional tree-like structure 190. Design tool/application 120 and any of
its vérious modules and/or components may be implemented as software, hardware, or any
combination of the two and may be hosted on a single local or remote computing device or
in a distributed corﬁputing environmenf.

[0041] Design'tool 120 includes a layouUpreéentation module 130 that displays the
graph-like visual language 110 as a two dimensional tree-like structure 190. In sorﬁe
embodiments, layout/presentation module 130 displays elements that are entered into
designer tool/applicatién 120 by a user. The designer tool/application 120 then
automatically draws interconnecting lines between the elements according to the

relationships defined by the graph-like visual language 110 being implemented.

12
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[0042] In other embodiments, layout module 130 receives or otherwise accesses a
graph-like visual language 110 that exists pri.or to the time it is received. The existing
graph-like visual language 110 may be received from the computer(s) hosting design tool
120 or from some other computer connected to computing system 100 over any type of
network. In such embodiments, graph-like visual language 110 may be received as a tree-
like structure that has sub-portions that cannot be modified or it may received as a one
dimensional tree-like structure with sub-portions that can only be modified one-
dimensionally as will described in more detail to follow. The existing graph-like visual
language may then be provided to a conversion module 150 for conversion to a two
dimensional tree-like structure as will also be explained in more detail to follow.

[0043] Regardless of whether graph-like language 110 was preexisting or created by a
user, layout/presentation module i30 automatically displays the graph-like language as
two dimensional tree-like structure 190. Tree-like structure 190 may include at least one
branch starting at a root of the tree-like structure and include a plurality of ;ub-portions or
sub-branches. One of the sub-portions may also be an end portion. The sub-portions
model the system, service, or process displayed by graph-like language 110 in terms of
functional relationships and internal behaviors for objects, attributes, operations, and
associations of the system, service, or process being modeled.

[0044] In additfon, the two dimensional tree-like structure 190 is constructed or
converted by layout/presentation module 130 in such a manner that allows for the sub-
portions of the tree-like structure to be dynamically and automatically modified vertically,
horizontally, diagonally or all three by designer tool/application 120. In some
embodiments, a sub-portion that is also an end portion is excluded from being modified.

Specific examples of a two dimensional tree-like structure 190 will be given below.

13
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[0045] Designer tool/application 120 further includes a modify module 140. Modify
module 140 receives user input 180 from a user that modifies sub-portions of the tree-like
structure 190. For example, the ;Jser input may select modifiable sub-portion(s) for
collapsing, expanding, or scaling. In response to the user input, modify module 140
dynamically and automatically modifies one or more of the sub-portions of the tree-like

structure that is being displayed by layout module 130.

_[0046] For example, the sub-portion(s) may be scaled to optimize available display

space, or may be collapsed or expanded to allow for the focused display of selected sub-
portions of tree-like structure 190. Advantageously, the configuration of tree-like
structure 190 allows for modifications of a given sub-portion without having to also
modify any or all sub-portions that branch off the given sub-portion, thus allowing a user
to dynamically aisplay desired sub-portions on-the-fly. The sub-portions may be modified
horizontally, vertically, diagonally (which may. be qonsi&ered a combination of vertical or
horizontal), or any combination of the three.

[0047] In addition, the modified sub-portions are dynamically positioned so that the
displayed sub-portions optimize the available display space, which advantageously allows
the flow diagram to maintain an optimal look. In some circumstances, sub-portions that
were displayed horizontally may be repositioned vertically or diago:nally to balance the
disr:)lay. Changes to sub-portions displayed vertically and diagonally may also be
changéd. The above advantages will become more apparent in the discussion of the
specific examples of two dimensiona;l tree-like structures to follow.

[0048] In some embodiments, modify module 140 also receives predefined rules 160
that specify. how the tree-like structure 190 is to be modified and/or displayed. In such
embodiments, modify module 160 dynamically scales, expands, or collapses sub-portions

other than the at least one end portion based on the user interaction already discussed and

14
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the received rules 160. One example rule 160 may direct layout module 130 to place a
second graphical element to the right of a first graphical element in the flow diagram and
to place all additional objects below the second object.

[0049] In further embodiments, designer tool/application 120 may have access to a
persistent memory 170. Persistent memory 170 may be any type of re;asonz;ble persistent
memory and may be resident on a computer hosting designer tool/application 120 or may
be accessed over any type of network. connection. In such embodiments, persistent
memory 170 is used to maintain any modifications made to the sub-portions of tree-like
structure 190 when designer tool/application 120 is exited by a user. When the user
reactivates designer tool/application 120, tree-like structure 190 is displayed as it appeared
before designer tool/application 120 was exited, as will be explained in more detail to
follow.

[0050] - Referring to Figure 2A, a si)eciﬁc graph-like visual language flow diagram
200 is depicted. Flow diaéram 200is a ﬁse Case diagram (part of UML) that shows how
an actor may use software to place an order. Illustrated in the diagram are different
objects and connector types. For example, shape 201 is of the actor type. The other
shapes represent things the actor does or things that are done by the process. The lines in
between the various shapes are connectors that represent relationships between the shapes.
In Figure 2A, the connectors may be, for example, a <uses> or <extend> type as well as
other connector types.

[0051] For example, a user (actor) 201 may place an order 208. Placing the ofder may

extend to request a catalog 204 as shown by connector 211. Placing an order uses the

_actions of supplying customer data 202, ordering the product 203 and arranging payment

205, as illustrated by connectors 212-214. The types of payment may be cash 206 or

credit may be arranged 207, as shown by connectors 215 and 216.

15
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[Q052] As mentioned p;eviously, deéigner toolapplication 120 may receive flow
diagram 200 and convert the flow diagram 200 into a two dimensional tree-like structure
that includes sub-portions 231-237 that can be modified by scaling, collapsing, and
expanding in both a vertical and horizontal direction and potentially in a diagonal direction
as previously described. Referring now to Figure 2B, flow diagram 200 is illustrated as it
may appear in designer tool/application 120 after having undergone the conversion and
display process. Note that diagram 200, which may corre‘spond to tree-like structure 190,
although this is not required, still includes objects 201-208, which’ were previously
described. Also note that user interactive (UI) elements 221-229 have alsq been added to
the tree-like structure by designer tool/application 120. The Ul elements are used to allow
a user to dynamically modify the sub-portions of tree-like structure 200.

[0053] ' In Figure 2B, connectors 212, 213, and 214 have been converted into a single
connection branch based on their commonality of being <uses™> type connectors. In like
manner, connectors 215 and 216 have been converted into a single connection branch
based on their common connector type. Both of these are an example of a multi-
connector, wherein during the conversion to a two dimensional tree-like structure, two or
more connections between sub-portions are combined into a connector that is

representative of the combined connectors. Of course, it is also possible that connectors of

. different types could be combined into a single connector if circumstances warrant. For

example, in Figure 2 the vertical line generally corresponding to sul;-portion 237 would be
the multi-connector while the horizontal lines corresponding to sub-portions 233 and 234
would be specific connectors. In such embodiments, an indication that connectors of
different types had been combined into a single connector may be placed next to the

horizontal connectors corresponding to sub-portions 233 and 234.
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10054} In the diagram, user 201 acts as a root of the tree-like structure. Note that there
may be more than one root. For example, “Place Order” 208 may be a root of the two
branches branching off of it while “Arrange Payment” 205 may serve as a root of the
branch braﬁching off of it as well. The tree-like structure 200 further includes several end
portions that serve as the end of a branch. For example, “Request Catalog” 204 may be an
end portion as it is the end of a branch. INike manner “Supply Customer Data” 202,
“Qrder Product” 203, “Arrange Payment” 207, and “Pay Cash” 206 may also be
considered end portions as they are the end of a branch. In some embodiments,
modifications may be made to sub-portions other than end portions. In other
embodiments, modifications may f)e made to all the sub-portions.

[0055] As mentioned previously, designer tool/application 120 adds Ul elements 221-
229 to two dimensional tree-like structure 200. These UI elements allow a user to
dynamically modify various sub-portions 231-237 both horizontally and vertically. The
modifications are typically one of scaling, collapsing, or expanding the various sub-
portions. Several examples will now be described. Note that although the examples
typically use collapsing as the illustrated modification, expanding al;d/or scaling may also
be performed even when not explicitly mentioned.

[0056] For example, UI 222 can be selected, resulting in the collapsing of sub-portion
232 including object 204 in a vertical direction. Simultaneously, Ul 223 can be selected,
resulting in a collapsing of sub-portions 233-237 with their corresponding objects.
Accordingly, two dimensional tree-like structure 200 has the ability to be modified either
horizontally and vertiéally. Although not illustrated in Figure 2B, two dimensional tree-
like structures may also be modified in a diagonal direction as well, as will be described in

relation to Figure 3 below.
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[0057) In addition, sub-portions may also be modified in both a horizontal and a
vertical direction. For example, UI 226 may be selected, resulting in the collapsing of
objects 206 and 207 in the vertical direction. Conversely, Ul 227 and/or 228 may be
selected, resulting in the horizontal collapsing of objects 206 and/or 207. In like manner,
sub-portions 233, 234, and 237 may be 'vertically modified if UI 223 is selected and may
also be horizontally modified if UI 224, 225, and 229 are selected respectively.

[0058] In some embodiments, two dimensional tree-like structure 200 also has the’
ability to make modifications to a sub-portion of the tree-like structure 200 without also
automatically making modifications to sub-portions that branch off of the ;ub-pc;rﬁon
being modified. For example, UI 225 may be collapsed. This would collapse sub-portion
234 including object 205. However, sub-portions 235 and 236 would not automatically be
collapsed as well. They may simply be rescaled to optimize the available viewing space.
Of course, a user may only desire to display object 206, in which case object 207 may also
be horizontally collapsed upon receipt of user interaction to this end.

[0059] As a further example, sub-portion 231 including 'object 208 may be collapsed
by selecting Ul 221. In many conventional one din.lensional tree-like structures, this
would automatically collapse the rest of the tree-like structure. In a two dimensional tree,
the other sub-portions are still displayed until user interaction specifies modifications to
them, although in some embodiments they may be automatically scaled to allow for
optimization of the display. Accordingly, a user may dynamically modify tree-like
structure 200 so as to display only the sub-portions that are desirable to the user.

[0060] Note that in Figure 2B and Figures 3 and 4 to follow, only one UI element is
illustrated for each object or sub-portion. The illustrated UI elements allow for collapsing
and expanding of the sub-portions. It is to be appreciated that a greater number of Ul

elements may also be employed. Such additional Ul elements may be used for expanding
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and collapsing of property flags, user comments, additional re]ationshipg between objects
and/or sub-portions and the like. Accordingly, two dimensional tree-like structures that
implement any number of Ul elements' are contemplated by the embodiments disclosed
herein.

[0061] To further 'illustrate the dynamic modification abilities provided by design
tool/application 120, a generalized two dimensional tree-like structure 300, which may
correspond to tree-like structure 190 of Figure 1, is depicted in Figure 3A. Fi gure 3A
includes various shapes 301-313. Note that these shglpes include or describe various
objects, attributes, operations, associatic;ns, or the like. The exact nature of shapes 301-
313 is not important to the embodiments described herein, and are illustrated as various
shapes to reflect this. Tree-like structure 300 further includes UI elements 321-333 that

are placed in the tree-like structure to allow dynamic modification of the sub-portions of

the tree-like structure through expansion/collapsing and scaling mechanisms. Note that

overall layout of tree-like structure 300 is for illustration only and should not be used to

- limit the embodiments disclosed herein.

[0062] Shape 301 may act as root of the tree-like structure, although other elements
rﬁay also be roots of the tree-ljke structure as well. Branching out from the root. are
various sub-portions 350-361. Note that some of the sub-portions are oriented in a
horizontal direction, some in é.l vertical direction, and some in a'diagonal direction. Since
tree-like structure 300 is two dimensional, it may be modified in any of these directions as
circumstances warrant. As mentioned previously, the modifications are typically scaling,
collapsing, or expanding.

[0063] Referring to Figure 3B, tree-like structure 300 is depfcted after some of the
sub-branches have been modified. For example, a user may desire to modify diagonal

sub-portion 350. The user can provide input that would select UL element 321, thus
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collapsing sub-portion 350 including shape 302 in the diagonal direction. In some
embodiments, sub-portions 351 and 352‘may also be diagonally collapsed when UI 321 is
selected. In other embodiments, two dimensional tree—liké structure 300 only collapfes
diagonal sub-portion 350 while still displaying sub-portions 351 and 352. In a one
dimensional tree-like structure, sub-portions 351 and 352 would typi(\:ally always l;e
collapsed. At a later time, UI 321 may be selected to dynamically expand diagonal sub-
portion 350 should this be desirable.

[0064] In like manner, the user may also desire to modify vertical sub-portion 360.
The user would provide input that selects Ul elemeﬁt 331, thus collapsing sub-portion 360
including shape 312 in a vertical direction. In a one dimensional tree-like structure, spb—
portion 360 would typically always also be collapsed. However, in some embodiments,
two dimensional tree-like structure 300 .only collapses vertical sub-portion 360 while still
displaying sub-portion 361. At a later time, UI 331 may be selected to dynamically
expand vertical sub-portion 360 should this be desirable. .
[0065] Similarly, the user may also desire to modify horizontal sub-portion 354. The
user would provide input that selects Ul element 326, thus dollapsing sub-portion 354
including shape 306 in the horizontal direction. As previously described, in a one
dimensional tree-like structure, sub-portions 355 and 356 would also typically be
collapsed. In some embodiments, two dimensional tree-like structure 300 only collapses
horizontal sub-portion 306 while still displaying sub-portions 307 and 308. As with. the
diagonal and vertical modifications, at a later time, UI 326 may be selected to dynamically
expand horizontal sub-portion 354 should this be desirable.

[0066] In addition, Figure 3B also illustrates that a new sub-portion 362 including
shape 314 and Ul element 334 has been added to two dimensional tree-like structure 300.

Designer tool/application 120 allows a user to select a portion of tree-like structure 300
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where it would be desirable to add the new sub-portion. For example, a user may use a')
user interface that allows the user to select and drag a new graphical sub-portic.m or object
and place it on tree-like structure in a desirable location. Designer tool/épplication 120
may then automatically add the new sub-portion or object; with tree-like structure 300
being scaled optimize the available display space. Accordingly, the user may dynamically
add new sub-portions or objects to tree-like structure 300.

[0067] Referring to Figure 3C, further modifications are shown to two dimensional
tree-like structure 300. In this depiction, root shape 301 and an end portion 359 including
shape 311 are sﬁown. Also shown is box 380 that represents sub-portion 350 and all of
the sub—portiops beyond sub-portion 350 of Figure 3A. Similarly, box 390 represents sub-
portion 353 and all of the sub-portions beyond sub-portion 353 of Figure 3A. Note that
boxes 380 and 390 are used for ease of convenience only, and are not meant to imply any
actual display by designer tool 120. |

[0068] Figure 3C illustrates the ability of the two dimensional tree-like structure 300
to have modified any sub-portion witﬁout also having to also modify sub-portions that
branch off of a portion being modified. Although only three example modifications were
illustrated in tree-like structﬁre 300, any of the other sub-portions shown in Figure 3A may
also be scaled, collapsed, or expanded horizontally, vertically and/or diagonally as desired.
A user thus has the ability to dynamically expand portions of boxes 380 and 390 to display
those portions that are deemed desirable by the user. This advantageously allows the user
to focus in on the sub-portions of greatest interest.

{0069] In addition, Figure 3C illustrates that /tree-like structure 300 has the ability to
collapse all elements except the root shape and z;n end portion if this is so desired. This
may be advantageous for a tree-like structure with hundreds of sub-portions where it is

desirable to display only the beginning and end of a process, for example. Note that
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designer tool 120 also dynamically scales tree-like structure 300 to optimally fit the
available display space when the modiﬁc':ations are made in Figure 3B and 3C, although
this is not illustrated.

[0070] It has been mentioned several times above that some embodiments disclosed

herein relate to a two dimensional tree-like that has sub-portions that may be modified

' without having to also modify an end portion or a sub-portion that branched off of a sub-

portion being modified. This is different from how one dimensional tree-like structures
are typically modified. Such one dimensional tree-like structures are generally displayed
as having a root and one or more branches that include \;arious sub-portions that branch
off the main branch and/or other sub-portions. Examples of one dimensional tree-like
structures include well known file and folder directories of computer operating systems.
The one dimensional tree-like s@cMe allows a user to collapse and expand the various
sub-portions. However, in sharp contrast to some embodiments of two dimensional tree-
like structures described above, a sub-portion that acts as an end portion is typically also
modified any time any another sub-portion above it is modified.

[0071]) For example, Figure 5 illustrates a typical one dimensional tree-like structure
500. Tree like étructure 500 includes shapes 501-564, which may be any graphical object.
A second sub-portion 522 branches off of a first sub-portion 521 and a third sub-portion
523, which also acts as the end portion in this tree-like structure, branches off of the
second sub-portion 522. I°f a user collapsed the first sub-portion 521, then the second and
third sub-portions 522 and 523 including shapes 502, 503 and 504, would also
automatically collapse. In like manner, collapsing the second sub-portion 522 would
automatically collapse the third sub-portion 523 including shapes 503 and 504. A user
simply is not able to collapse the second sub-portion 522 while still displaying the third

sub-portion 523 or collapse the first sub-portion 521 while still displaying the second

22



10

15

20

25

WO 2007/120388 PCT/US2007/004455

and/or third sub-portions 522 and 523. In like manner, expanding sub-portions 521
and/or 522 also automatically expands sub-portion 523. In all the above scenarios, any
modification to ‘a sub-portion above the end portion 523 results in end portion 523 also
being modified. |

[0072] Referring now to Figures 4A-4C, a further example of additional modification
aspects of some embodiments of a two dimensional tree-like structure are illustrated. In
Figure 4A, a two dimensional tree-like structure 400, which may correspond to &ee—like
structure 190 of Figure 1, is illustrated with shapes 401-405. As with the previous
example, the exact nature of shapes 401-405 is unimportant. In this example,(‘shape 401
represents the root of tree-like structure 400, which also includes sub-portions 410-413.
As described above, user input may be received that modifies sub-portion 411.

[0073] Referring to Figure 4B, the modification of sub-portion 411 results in a Ul
element 460., which represents shapes 402 and 403 that have been collapsed. Tree-like |
structure 400 now includes shapes 401, 404, and 405. In addition, a sub-portion 430 is
then created that includes sub-portions 410, 412 and Ul element 460.

[0074] Referring now to Figure 4C, it is shown that a user has modified sub-portion
430, which is results in a Ul element 461 that represents shapes 401 and 404 that have
been collapsed as well as Ul element 460 representing the previously collapsed shapes.

Note that although UI element 460 is shown in Figure 4C inside UI element 461, this may

. not be a necessary feature. For example, in some embodiments, a single Ul element may,

when selected by a user, cause all the collapsed sub-portions of UI elements 460 and 461
to expand. In other embodiments, Ul element 460 may be hidden in UI element 461 and
may not be visible until Ul element 461 is expanded.

[0075] In another embodiment, Figure 4C shows that designer tool 120 is able to

remember the states of hidden sub-portions. For example, if Ul element 461 were later
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expanded by a user, then shapes 401 and 404 would be displayed, but shapes 402 and 403
would still be collapsed and represented by UI element 460 until Ul element 460 was later
expanded.

[0076] In other embodiments, as was mentioned previo{lsly, computing system- 100
includes a persistent memory 170 that may be used to maintain the modifications made to
a two dimensional tree-like structure. For example, referring back to Figures 4A-4C,
when sub-portion 411 is collapsed into UI element 460, this modification may be
maintained in the persistent merﬁory. If a user were to exit designer tool/application 120,
the modification would not be lost. At a later time, when the user reactivates designer
tool/application 120, tree-like diagram 400 will be displayed as shown in Figure 4B.
[0077] Similarly, if the user collapses sub-portion 430 into Ul element 461 prior to
exiting designer tool/application 120, then both the modifications made to sub-portion 430
and the modifications made to sub-portion 411, which may be hidden, are maintained in
persistent memory 170. At a later time, when the user reactivates designer tool/application
120, tree-like diagram 400 will be displayed as shown in Figure 4C. Advantageously the
modification represented by UI element 460, whether hidden 6r not, is also retained such
that if the user expands Ul element 461 then Ul element 460 will be displayed as in Figure
4B. IfUI element 460 is then expanded, tree-like structure 400 will be displayed as shown
in Figure 4A. Accordingly, the ability to persist hidden and non-hidden modifications
even when exiting the application running the tree-like structure allows a user the ability

to modify without having to keep track of all the modifications made upon exiting tﬁe

' application. This is especially useful for tree-like structures that include hundreds of

nested sub-portions. If the modification were not persisted, then a user would have to redo

the modifications every time the application was started.
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[0078] The present invention may also be described in terms of mgthods comprising
functional steps and/or non-functional acts. The following is a description of steps and/or
acts that may be performed in practicing the present invention. Usually, functional steps
describe the invention in terms of resulté that are accomplished, whereas non-functional
acts describe more specific actions for achieving a particular result. Although ‘the
functional steps and/or non-functional acts may be described or claimed in a particular
order, the present invention is not necessarily limited to any particular ordering or
;:ombination of steps and/or acts. Further, the use of steps and/or acts in the recitation of
the claims—and in the following description of the flow diagrams for Figures 6-9—is used
to indicate the desired specific use of such terms.

[0079] As previously mentioned, Figures 6-9 illustrate flow diagrams for various
exemplary embodiments of the present invention. The following description of Figures 6-
9 will occasionally refer to corrésponding elements from Figures 1-4. Aithough reference
may be made to a specific element from these Figures, such references are used for
illustrative purposes only and are not meant to limit or otherwise nai'row the scope of the
described embodiments unless explicitly claimed.

[0080] Turning first to Figure 6, a flow diagram of a meihod 600 for dynamically
laying out a flow diagram of graph-like visual languages into a two dimensional tree-like
structures that allow for ease of user interaction with and optimal display is illustrated.
Method 600 includes displaying 601 a graphical tree-like structure that includes at least
one branch starting at a root of the tree-like structure and including a plurality of sub-
portions, wherein the sub-portions include at least one end portion. The sub-portions
model a system, service, or process in terms of functional relationships and internal

behaviors of for one or more objects, attributes, operations, or associations.
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[0081] For example, layout/presentation module_ 130 of designer tool/application 120
may display two dimensional tree-like structure 190. Tree-like structures 200, 300, aﬁd
400 are examples of two-dimensional iree-like structures meeting the definition above.

{0082} Method 600 also includes receiving 602 user interaction that modifies one or
more sub-portions of the graphical tree-like .structure other than the at least one end
portion. For example, modify module 140 of designer tool/application 120 may receive
user input 180 that modifies a sub-portion of tree-like structure 190. In some

embodiments, the user interaction may select one or more sub-portions for scaling,.

. collapsing, or expanding. This may be done by activating a Ul element associated with

the sub-portion that will be modified.

[0083] In some embodiments, modify module 140 of designer tool/application 120
also receives one or more predefined rules 160 that specify how the tree-like structure 190
is to be modified and displayed. Based on the rules and the received user interaction, the
tree-like structure 190 is dynamically modified.

[0084] Method 600 further includes, based on the user interaction, dynamically
modifying 603 by one of scaling, expanciing, or collapsing the one or more sub-portions
other than the end portion to allow for ease of user interaction, optimization of display, or
both without modifying the end portion. For example, modify module 140 of designer
tool/application 120 may dynamically modify tree-like structure 190, which may then be
optimized for display by layout module 130. The sub-po‘rtions may be modified vertically,
horizontally, diagonally, or any combination thereof.

[0085]  For example, in some embodiments one or more sub-portions may be collapsed
vertically, horizontally, diagonally, or any combination thereof without collapsing an end
portion as is illustrated in Figure 3B. In such embodiments, collapsing may include

automatically formatting at least one of the sub-portions into a single graphical object such
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as a Ul element described above. The single graphical object will generally be conﬁ@red
to be expandable back into the at least‘ one sub-portion upon receipt of additional user
interaction. The additional user interaction may be as simple as the user expanding the Ul
element.

[0086] In further embodiments, a secpnd sub-portion that has at least one node
coupled to a first sub-portion may be dynamically scaled, collapsed or expanded. The first
sub-portion may then be dynamically modified subsequent to the second sub-portion
without modifying the end portion. This allows for hidden modifications in the tree-like
data structure as is illustrated in Figures 4A-4C.

[0087] In other embodiments, one or more of the sub-portions may also expanded
vertically, horizontally, diagonally,\ or any combination thereof without expanding an end
portion. In such embodiments, expanding may include automatically formatting an
expandable graphical object such as a Ul element into at least one sub-portion.

[0088] In still other embodiments, the dynamic modification may include adding a
new sub-portion to the tree-like structure. For example, sub-portion 362 inpluding shape
314 is added to two dimensional tree-like structure 300. The new sub-portion may be
added by selecting the desired location in the tree-like structure and having designer
tool/application 120 automatically position the new sub-portion while also automatically
balancing the tree-like structure.

[0089] Turning now to Figure 7, a flow diagram of a method 700 for persistently
retaining in memory modifications to .one or more sub-branches of a visual tree-like
structure such that changes made to the display of the tree-like structure are maintained
even when an application used to modify the tree-like structure is exited by a user is
illustrated. Method 700 includes activating 701 an application that displays a tree-like

structure including at least one branch starting at a root of the tree-like structure and
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including a plurality of sub-branches.. The sub-branches are for modeling a system,.
service, or process in terms of functional relationships and internal behaviors for one or
more objects, attributes, operations, and associations. {

[0090] For example, designer tool/application 120 may be activated to display a tree-
like structure 190, examples of which are shown in Figures 2-4. In some embodiments,

the tree-like structure may also be a one dimensional tree-like structure.

- [0091] Method 700 also includes receiving 702 user iﬁput that modifies at least one of

the plurality of sub-branches. For example, modify module 140 receives user input 140
that modifies one or more sub-branches of tree-like structure 190. In some embodiments,
the user input may select a UI element that expands or collapses the sub-branch. The
modification may include scaling, collapsing, and expanding the sub-branch being
modified.

[0092] Method 700 further includés, based upon the user input, maintaining 703 .in
persistent memory the modification made to the sub-brancﬁ such that, upon reactivation at
a later time after user has exited the application, the tree-like structure can be' displayed
exactly as it appeared when the application was exited. For example, modifications made
to tree-like structure 190 may be maintained in persistent memory 170. When designer
tool/application 120 is exited and then later reactivated, the display of tree-like structure
190 when designer tool/application 120 was exited is once agaiﬁ displayed.

[0093] In some embodiments, user input is received to modify a second sub-branch
that has a node coupled to a first sub-branch. The second sub-branch is modified.
Subsequent to this modification, the first sub-branch is modified such that the modification
of the second sub-branch is hidden. The hidden modified state of the second sub-branch

may then be preserved in the persistent memory. When the application is run at a later
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time, receipt of user input such as selecting a Ul element allow the hidglen second sub-
branch to be displayed.

[0094] For example, referring to Figures 4A-4C, sub-portion 411 may be collapsed
into UI element 411. Subsequent to this, sub-portion 430 may be collapsed into a Ul
element 461 that hides UI element 411 as explained abové. Preserving tree-like structure
400 including UI element 461 in persiétent memory 170 allows, when application 120 is
reactivated, the; recovery of sub-portion 411 as described previously.

[0095] Referring to Figure 8, a method 800 for converting a visual tree-like structure
into a two dimensional tree-like structure is illustrated. Method 800 includes rec;eiviﬁg
801 a first tree-like structure or graph-like visual language including a plurality of sub-
portions that cannot be modified. In the alternative, a second tree-like structure that
includes at least one branch starting at a root of the tree-like structure and including a
plurality of sub-portions. The sub-portions model a system, service, or process in terms of
functional relationships and internal behaviors of for one of more objects, attributes,
operations, or associations. The sub-portions include at least one end portion that is
modified whenever one or more sub-portions are modified.

[0096] For example, layout module 130 of designer tool/application 120 may receive
graph-like visual language 110 which may be a p;'eexisting tree-like structure that cannot
be modified, a preexisting one dimensional tree-like structure that can only be modified if
an end portion is modified, or a preexisting arbitrary graph-like visual language. Graph-
like visual language 110 may also be any of these three that were created by the user as
described above. The arbitrary graph-like visual language may include one of structure
diagrams that emphasize what things must be in the system, service, or process being
modeled, behavior diagrams that emphasize what must happen 'in the system, service, or

process being modeled, and interaction diagrams that emphasize the flow of control and
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data among the things in the system, service, or process being modeled. It may also
include the various diagram types of the Unified Modeling Language (UML), entity
relationship diagrams in the database world, and business process diagrams for business
process design.

[0097] Method 800 also includes converting 802 the received first or second tree-like
structure or arbitrary graph-like visual language into a two dimensional tree-like structure.
The two dimensional tree-like structure includes at least one branch starting at a root of the
two dimensional tree-like structure and including a plurality of sub-portions that include
an end portion, wherein the sub—portions' other than the end portion can be modified by
scaling, collapsing, or expanding without also modifying the end portion.

[0098] For example, convert'fﬁodule 150 may convert the received tree-like structure

or graph-like visual lariguage into a two dimensional tree-like structure 190. The two

dimensional tree-like structure may be modified vertically, horizontally, diagonally, or any

combination of the three as previously described. The converted two dimensional tree-like

_ structure also allows for all of the functionality previously described for a two dimensional

tree-like structure in relation to the other methods and embodiments described herein.

[0099] Referring now to Figure 9, a flow diagram of a method 900 for dynamically
laying out a diagram of a graph-like visual language into a two dimensional tree-like
structure that allow for ease of user interaction with and optimal display is illustrated.
Method 900 includes displaying 901 a .graphical tree-like structure that includes at least
one branch starting at a root of the tree-like structure and including a plurality of sub-
portions that are configured to be modified in a vertical direction and a horizontal
direction. The sub-portions model a system, service, or process in terms of functional
relationships and internal behaviors of for one or more objects, attributes, operations, or

associations. The sub-portions may also be configured to be modified diagonally as well.
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[00100] For example, layout/presentation module 130 of designer tool/application 120
may display two dimensional tree-like structure 190. Tree-like structures 200, 300, and
400 are exa:ﬁples of two—ciimensional tree-like structures meeting the deﬁnitiqn above.
[00101} Method 900 also includes receiving 902 user interaction that modifies one or
more sub-portions of the graphical tree-like structure other than the at least one end
portion. For example, modify module 140 of designer tool/application 120 may receive
user input 180 that  modifies a sub-portion of tree-like structure 190. In some
embodiments, the user interaction may sele;:t one or more sub-‘portions for scaling,
collapsing, or expanding vertically, horizontally and. potentially diagonally. This rhay be
done by activating a UI element associated with the sub-portion that will be modified.
[00102] Method 900 further includes, based on the user interéction, dynamically
modifying 903 horizontally, vertically, or both to allow for ease of user interaction, and
optimization of display, or both. For example, modify module 140 of designer
tool/application 120 may dynamically modify tree-like structure 190, which may then be
optimized for display by layout module 130. The sub-portions may be scaled, expanded,
or collapsed.

[00103] In further embodiments, a second sub-portion that has at least one node
coupled to‘a first sub-portion may be dynamically modified. The ﬁrst sub-portion may
then be dynamically modified subsequent to the second sub-portion in a way that hides the
modification to the second sub-portion. This allows for hidden modifications in the tree-
like data structure as is illustrated in Figures 4A-4C. The hidden modification may later
be displayed upon the receipt of additional user input. .
[00104] In still other embodiments, the dynamic modification may include adding a
new sub-portion to the tree-like structure. For example, sub-portion 362 including shape

314 is added to two dimensional tree-like structure 300. The new sub-portion may be
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added by selecting the desired location in the tree-like structure and having designer
tool/application 120 automatically position the new sub-portion while also automatically
balancing the tree-like structure. Other modification techniques such as combining
multiple connectors into one connector may also be implemented.

{00105] In additional embc;diments, optimization of the display of the graphical tree-
like structure includes automatically switching one or more sub-portions from a horizontal
orientation to a vertical orientation or switching one or more sub-portions from a vertical
orientation to a horizontal orientation to optimize for the aspect ratio of a display device or
window. For example, in some circumstances, one or more branches of the graphical tree-
like structure may make the display of the graphical tree-like structure non-optimized for
the aspect ratio of a display device. The graphical tree-like structure may be to long
vertically, for example, while the display device or window has unused display space
horizontally. In such a c;ase, designer tool/application 120 may automatically switch one
or more vertical sub-portions to be displa}.'ed horizontally. The;se sub-portions may be
switch;sd back to be displayed vertically at a later time is circumstances warrant such as
when a new element is added t.o the graphical tree-like structure that requires the switching
to keep the display optimized.

[00106] For instance, referring to Figure 3A, in some embodiments, designer
tool/application 120 may automatically switch the display of vertical sub-portions 360 and
361 so as to display them as branching horizontally from element 310 to optimize for the

aspect ratio of the display device. In like manner, designer tool/application 120 may

_ automatically switch the display of horizontal sub-portions 354-356 (or any subset of these

sub-portions) so as to display them as branching vertically from element 305 if

circumstances warrant. Note that designer tool/application 120 may automatically switch
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the display orientation of any of the elements of f‘igures 3A and 3B‘ as necessary to
optimize for the aspect ratio of the dispiay device or window.

[00107] The present invention mé.y be embodied in other specific forms wifhout
departing from its spirit or essential characteristics. The described embodiments are to be
. considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come \;vithin the meaning and range of equivalency of the

claims are to be embraced within their scope.
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CLAIMS
I claim:
1. Within a computing system (100) that uses a graph-like visual language (110) to

model graphical diagrams for such things as a system, service, or process or that represent

an overall object system, that typically require manual modification and rescaling, a

method f01: dynamically laying out the diagrams into a two dimensional tree-like structure
(200) to allow ease of user interaction with a'nd optimal display thereof, the method
comprising:

displaying (901) a graphical tree-like structure (200) that includes at least one
branch starting at a root (201) of the graphical tree-like structure (200) and including one
or more sub-portions (231-237) for representing an overall 'object model in terms of
functional relationships and internal behaviors for one or more objects, atiributes,
operations, associatioﬁs, wherein the one or more sub-portions (231-237) are conﬁgured to
be modified in a vertical direction and a horizontal direction;

receiving (902) user interaction (180) that modifies one or more sub-portions (231-
237) of the graphical tree-like structure; and

‘ based on the user interaction, dynamically (903) modifying the one or more sub-

portions (231-237) vertically, horizontally, or both to allow for ease of user interaction,

optimization of the display of the graphical tree-like structure (200), or both.

2. The method of claim 1, wherein modifying the one or more sub-portions vertically,
horizontally, or both includes one or more of scaling, collapsing or expanding the sub-
portions and wherein the one or more sub-portions may be scaled, collapsed, or expanded

in a diagonal direction.
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3. The method in accordance with claim 1, further comprising:

dynamically modifying a second sub-portion that has at least one node coupled to a
first sub-portion; aﬁd |

dynamically modifying the first sub-portion subsequent to modifying the second
sub-portion such that the modification to the second sub-portion is hidden when the first
sub-branch is modified and wherein the hidden modifications to the second sub-portion

can be displayed upon receipt of additional user interaction.

4, The method in accordance with claim 1, wherein a new sub-portion is added to the
graphical tree-like structure by positioning the new sub-portion in a desired location of the
graphical tree-like structure and wherein the new sub-portion is automatically added to the

graphical tree-like structure.

5. The method in accordance with claim 1, wherein the graph-like visual language
includes one or more of structure diagréms that emphasize what things are in the system,
service, or process being modeled, behavior diagrams that emphasize what happens in the
system, servicé, or process being modeled, and interaction diagrams that~emphasize the
flow of control and data among the tﬁings in the system, service, or process béing
modeled.

6. The method in accordance with claim 1, wherein optimization of the display of the
graphical tree-like structure includes automatically switching one or more sub-portions
from a horizontal orientation to a vertical orientation or switching one or more sub-
portions from a vertical orientation to a horizontal orientation to optimize for the aspect

ratio of a display device or window.
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7. A computer program product comprising computer executable instructions that

when executed are capable of implementing the method of claim 1.

‘8. Within a computing system (100) that uses a graph-like visual language(110) to

model graphical diagrams for such things as a system, service, or process or that represent
an overall object system, that typically require manual modification and rescaling, a
method for dynamically laying out the diagrams into a two dimensional tree-like structure
(300) to allow ease of user interaction with and optimal display thereof, the method
comprising:

displaying (601) a graphical tree-like structure (300) that includes at least one
branch starting at a root (301) of the graphical tree-like structure (300) and including a
plurality of sub-portions (350-361) for representing an overall 6bject model in terms of |
functional relationships and internal behaviors for one or more objects, attributes,
operations, associations, and wherein the sub-portions include(350-3‘6.1) at least one end
portion (361);

receiving (602) user interaction (180) that modifies one or more sub-portions (350-
361) of the graphical tree-like structure other than the at least one end portion (361); and

based on the user interaction, dynamically modifying (603) by one or more of
scaling, expanding, or collapsing the one or more sub-portions (350-361) other than the at
least one end portion (361) to allow for ease of user interaction, optimization of the
display of the graphical tree-like structure (300), or both Withot'lt also modifying the end

portion.

36



10

15

20

25

WO 2007/120388 PCT/US2007/004455

9. The method in accordance with claim 8 wherein the one or more sub-portions can

be modified vertically, horizontally, diagonally, or any combination thereof,

10. The method in accordance with claim 8, further comprising:

receiving oﬁe or more predefined rules that specify how the tree-like structure is to
be modified and-displayed; and

based on the one or more rules and the received user interaction, dynamically

scaling, expanding, or collapsing a sub-portion other than the at least one end portion.

11. The method in accordance with claim 8, further comprising automatically
converting a one of a one dimensional graphical tree-like structure or a non-modifiable

graphical tree-like structure into a two dimensional graphical tree-like structure.

12. The method in accordance with claim 8, further comprising combining segments of

connecting lines of two or more sub-portions into a single connecting line.

13. The method in accordance with claim 8, wherein receiving user interaction
comprises:

selecting one or more sub-portions for scaling, collapsing, or expanding.

14.  The method in accordance with claim 8, wherein collapsing comprises:
automatically formatting at least one of the sub-portions into a single graphical

object, the single graphical object being configured to be expandable back into the at least

one sub-portion upon receipt of additional user interaction.
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15. The method in accordance with claim 8, wherein expanding comprises:
automatically formatting an expandable graphical object into at least one sub-

portion.

16. A computer program product comprising computer executable instructions that

when executed are capable of implementing the method of claim 8.

17. Within a computing system(100) including a graph-like visual language (110) for
modeling a diagram of such things as a system, service, or process or that represent an
overall object system displayed as a visual tree-like structure (200), a method for
persistently retaining in memory (170) modifications to one or more gub-brmches (231-
237) of the visual tree-like structure (200) such that changes made by a user to the display
of the visual tree-like structure (200) are maintained even when an application (120) used
to modi;fy the visual tree-like structure (200)is exited by a user, the method compn'sing:‘

activating (701) an application (120) that displays a graphical tree-like
structure(200) that includes at least one branch starting at a root (201) of the graphical
tree-like structure (200) and including a plurality of sub-branches (231-237) representing
an overall object model in terms of functional relationships and internal behaviors for one
or more objects, attributes, operations, associations;

receiving (702) user input (180) that modifies at least one of the plurality of sub-
branches (231-237); and

based on the user input, maintaining (703) in persistent memory (170) the
modification such that, upon reactivation at a later time afier a user has exited the
application, the graphical tree-like structure (200) is displayed as it appeared before the

application (120) was exited.
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18. The method in accordance with clziim 17, wherein the modification includes

collapsing or expanding the sub-branch being modified.

19.  The method in accordance with claim 18, further comprising:

receiving user input to perform a modification of a second sub-branch that has at
least one node coupled to a first sub-branch;

.modifying the second sub—brancﬁ prior to modifying the first sub-brancﬁ such that
the modification to the second sub-branch is hidden when the first sub-branch is modified;
and

preserving in the persistent memory the hidden modified state of the second sub-
branch upon exiting the application such that upon i'unning the application at a later time
the hidden modifications to the second sub-branch can be displayed upon receipt of

additional user interaction.
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