
15 August 2006  WO 03/071444 PCT/US03/04803  Component Model for Real Time
System Control This patent application claims the benefit of priority under
35 U.S.C. 119(e) from  U.S. Provisional Patent Application Serial No.
60/357,329, filed February 15, 2002,  entitled "COMPONENT MODEL FOR
REAL-TIME SYSTEM CONTROL", which is  hereby incorporated by reference as if
set forth in its entirety herein. Background of the Invention Many
different endeavors require custom software to solve their problems.
Typically these problems are well understood by domain experts, such as,
for example  building automation experts, factory automation experts, and
traffic control experts.  However it is rare that domain experts have the
required skills to use common  programming techniques such as object
oriented programming. Today domain experts must  attempt to specify their
requirements to programmers who then build the desired system.  This
process is error prone, time consuming and fraught with miscommunication.
What is  needed is the ability for domain experts who understand the
problem space to be able to  build the software system themselves. It is
not feasible to expect that domain experts have  the time or inclination to
become professional programmers. Therefore it is necessary to {M:
13929\2k.294W011DL6047.DOC;1} 1 ------ ---- 15 August 2006  WO 03/071444
PCT/tfS03/04803  Provide tools which enable the creation of custom software
by a lay person. Ideally these  tools would allow a software system's
configuration parameters, execution logic, and data to be visualized
graphically. Graphical tools would allow the domain expert to create,  



monitor, and change the software system without having to understand
cryptic  programming language syntax. Component oriented systems are part
of a new concept that provides some of these  features by encapsulating
software functions into components that can be connected to build  an
application that addresses a real world need. However, known prior
approaches still  require knowledge of a programming language in order to
implement a practical system.  Software components, up to this point, still
require programming skills to connect the  components together to create a
functional system. Furthermore, existing component  technologies do not
allow the domain expert to graphically visualize the entire system and
make changes at runtime. For example a domain expert may wish to change
execution flow  or add a new behavior at runtime and immediately see what
effect this has on the software  system. This exploratory programming
approach is at odds with current solutions which  require the software to
be stopped, recompiled, and then restarted. Furthermore additions,
modifications or updates of the software may be needed in order to improve
performance  add features, etc. Current solutions once again require that
the software be stopped,  recompiled and restarted for any updates,
additions or modifications. Stopping of the  software may be especially
difficult in some environments where critical processes are being
controlled. Another specific challenge in providing such a solution is the
need to  allow the domain expert to enhance or extend software components
to adapt them to the  unique needs of a specific domain application.
Historically these additions or extensions  (M:\3929\2k294Wo1\DL6G47.DOC;1)
2 15 August 2006  have required conventional programming skills and
knowledge. The present invention  addresses these and other needs. Summary
of the Invention 



In accordance with one aspect of the present invention, there is provided a
software  program for execution on a machine, the software program
including one or more  components of the same component-type, the component
type being defined from a base  class comprising one or more slot
definitions at least one of which is a property slot  definition, the
components being generated during run-time by the steps comprising:
identifying all property slot definitions in the base class; locating
getter and setter methods  for each identified property slot definition in
the base class; generating a component-type  object, the component-type
object being configured to store slot definitions; storing in the
component-type object the property slot definitions identified in the
identifying step;  generating one or more components, each component having
a slotmap and a reference to  the component-type object, wherein each
slotmap includes a storage location for the value  of each property-slot
definition stored in the component-type object; and setting a property
slot value, by inserting the property slot value into a storage location in
the slotmap of a  particular one of the one or more components, the
property slot value being associated with  one of the property slot
definitions in the component-type object. In a further development of this
aspect components are designed in such a way as to  allow extension of
their properties and data fields through dynamic slots. In accordance with
another aspect of the present invention, there is provided a  method for
automatically designating unique names to components in a component based
software system, comprising the steps of* creating a root component, the
root component  having no parents; placing one or more non-root components
within the root component;  3 -- ---------- 15 August 2006 placing one or
more non-root components within other non root components so that the
components form a tree structure and each non-root component has one
parent; assigning a  



first component, among the non root components, a unique identification
string comprising  a sequential list of the names of the ancestors of the
component and the component's name. 3a 15 August 2006 In a further
development of this aspect the naming methodology extends to identify  the
individual slots of the component. These and other aspects, features and
advantages of the present invention can be  further understood from the
accompanying figures and description of preferred  embodiments. Brief
Description of the Drawings. Figure I is a flow chart showing the creation
of a component-type and several  component instances of that
component-type; Figure 2 is. a block diagram showing two components
generated from the same  component type; Figure 3 is a block diagram
showing a component system that includes a dynamic  slot; Figure 4 is a
block diagram showing a component system that includes a link;  Figure SA
is a block diagram showing a component level abstraction of a  component
system that includes a link, with the implementation details hidden. Figure
5B is a block diagram showing the component system, shown in Figure SA,
wherein the link has been removed. Figure 6 is a block diagram of a
component system that has been recompiled to  improve efficiency; and 4 15
August 2006  WO 03/071-444 PCTIUS03/04803  



Figure 7 is a block diagram showing a component system in a tree
configuration.  Figure 8 is a flow chart showing the operation of the
visual interface. Detailed Description of the Preferred Embodiments. The
component model of the present invention provides a unique component design
for software components that allows application developers to extend and
modify software  components in a graphical environment suitable for
non-programmers. The component  model design enables new slots, such as
properties, actions or topics to be added to  standard components without
the software coding steps that would typically be required. A component
model approach to software development allows software components  to be
created that have a direct relation to the end use application, while still
capitalizing on  the benefits of object oriented software design. As such,
components provide a higher level  of abstraction than is present in a pure
object-oriented approach. Where objects encapsulate  behaviors that are
applicable to software functions (such as handling a string, providing
buffer management, etc), components may assemble objects to meet the needs
of end  application goals (such as providing a user interface presentation
to change a schedule, to  review alarms and convey acknowledgement commands
back to the device issuing alarms,  etc). fM:13929\2k294woI%DLCO47.DOCJ) 15
August 2006  WO 03/071444 PCT[US03/04803  Two levels of abstraction are
present -- one is the object-oriented level, which deals with implementing
the components, and the other is the component level which hides the
object-oriented level and deals with creating applications pertinent to
specific real world  applications through the use of components. There are
also at least two kinds of persons  that may operate and modify the
software of the present invention; the developer and the  user. A developer
implements the component model of this invention using object-oriented  



concepts. Optionally, the developer also creates functionality, which is
defined on the  component level. A user generally does not see the
object-oriented implementation. Rather,  a user deals almost exclusively
with components and monitors, creates and modifies  systems on the
component level. Of course, the user and the developer could be the same
person. Components within a software program are created based on a
component-type. The  component-type is analogous to the concept of a class
in object oriented programming, that  is, it is an abstraction describing
all the common features of the component instances that  belong to that
type. In a preferred embodiment, creation of component-types as well as
most other component related functions is done by a framework, which we
sometimes refer  to as the Niagara" Framework. The framework is a software
module within a component  based software that fulfills several utility
functions related to the implementation of the  component model, such as
creating component-types and components, providing an  interface between
components and outside software modules, and providing the ability to
extend components by adding slots to them, etc. The framework also provides
for the  execution flow of the software including during an initialization
(bootstrap) phase and  during component runtime execution.
(W3929'ak294Wo1%DL6047.D0C;1) 6 15 August 2006  WO 03/071444 PCT[US03/04803
Object oriented programs are composed of classes, which define a template
used to allocate instances belonging to that class. Each class is composed
of subparts called  members. A member may be a field used to store data or
may be a method used to store  executable behavior. This invention
describes a component model built using object oriented primitives.  



The component model can then be used by non-programmers to build component
oriented  programs. The component model is composed of component-types,
which define a  template used to allocate instances belonging to that type
(like object oriented classes).  Each component-type is composed of
subparts called slots (like object oriented members).  The difference
between slots and members is that slots exist at a much higher level of
abstraction so that they may used directly by the non-programmer or end
user of a  component oriented program. There are three types of slots in
the component model. Properties are slots which  store a data value.
Properties may be used to store configuration data, provide real-time
status information or store any other data. Actions are analogous to
methods -- they are  slots which store execution behavior. For example, an
action which an end user might  invoke would be "Turn On Fan". Actions can
also implement purely software functionality.  Topics are the third slot
type. Topics are used to represent events. A topic fires to indicate  that
the event has taken place. A link is a specific kind of a property slot. A
link is used to designate execution  flow in component based software. More
specifically, a link is used to create a causal  relationship between two
different slots. Such relationship signifies, for example, that a  function
is to be invoked, in response to the invocation of another function. In the
object  model these relationships are usually defined by static code, (such
as a conditional  (M.A3929\2k294W0I%DL6D47.D0C;1) 7 15 August 2006  WO
03/071444 PCTIUS03/04803 procedure call, for example) and cannot be changed
without recompiling. in the component  model links are often dynamic slots,
thus they can be created removed during runtime,  changing the execution
flow of the software without requiring the software to be re- 



compiled. Because the component model is built as an object oriented
program, it is necessary  to implement the component model using object
oriented members. The terms class,  member, field, and method refer to
conventional object oriented concepts. The terms  component-type, slot,
property, action, and topic refer to component oriented concepts as  they
relate to the present invention. One of the big differences between objects
and components is that components may  be changed at runtime. For example,
adding a new method to an object typically requires  recompiling the
object's class. The component model allows us to define slots in components
and add new slots at runtime. The slots defined in compiled code are
frozen.  Frozen slots are immutable, but gain the processing efficiency of
compiled code. Slots  defined at runtime are dynamic. In object oriented
programming, the storage of class definitions in a running  program is
handled by the compiler, and is largely invisible to the developer. For
that  reason, in object oriented programming a class is usually referred to
as an abstract and not  as an actual data structure. Thus, developers in
most object-oriented environments can  safely refer to the class as an
abstract definition of actual objects without being confused by  the fact
that the class definition needs to be physically present somewhere in
computer  memory. In the component model of this invention component-types
must be stored and  handled in computer memory. The storage of
component-types is preferably done by the  (M:\3929\2k294wol\DL6D4'T.DOC;I)
---- - ------ - - - ----- 15 August 2006  WO 03/071444 PCTIUS03104803
framework, by storing a component-type in an object, namely, the
component-type object.  



Thus, the component-type object is the physical representation of a
component-type. A  reference from the component to the component-type
object is used to represent the fact that a given component belongs to a
component-type. Figure I is a flow chart illustrating how a component-type
is created, by creating a  component-type object, and how several component
instances based on that component-type  are generated. In order to create a
new component type a developer needs to provide a class  definition to the
framework -- the base class (step 100). In a preferred embodiment the
developer provides the base class by adding it to the component based
software. There is a  predefined set of rules that maps members of the base
class to different types of slots in the  component model. These rules may
be based on, for example, the types or the names of the  members of the
base class. The developer indicates what frozen slots a component-type
should have by adding members to the base class definition that, according
to the set of  rules, correspond to these frozen slots. In a preferred
embodiment the developer also adds a  statement that registers the base
class with the framework. The component based software is compiled and
executed after the addition of the base class. Once the software is
running,  as part of an initialization procedure, the framework detects the
base class and goes through  the rest of the process of Figure I in order
to create one or more component-types and one  or more components based on
them. The framework- examines the base class and discovers all the relevant
members in  step 101. This step can be accomplished by introspection of the
base class.  JM:N3929N2k294woI\DL6047.DOC;1) 9 15 August 2006  WO 03/071444
PCTIUS03/04803  



All types of slots (property, action, topic) comprise definitions. The
definition of a property slot specifies the type of data the property slot
holds and the name of the property  slot. The definition of an action slot
comprises the name of the action slot and the code  implementing a method
to execute that action. Similarly the definition of a topic slot  comprises
the name of the topic and code implementing the topic. Property slots
include  values as well, action and topic slots do not have values (but the
methods that implement  them may have any number of variables that are
hidden at the component level). Property  slots require getter and setter
methods to obtain and set the value. These getter and setter  methods are
part of the property slot definition and are initially defined in the base
class. At step 102, each member of the base class corresponding to a
property slot is  examined for getter and setter methods. By convention,
getter and setter methods are  named by prefixing "get" and "set" to the
name of the property slot, together with standard  code to implement those
functions, respectively. The framework then creates a component-type object
(step 103). The purpose of the  component-type object is to indicate a
component-type. The component-type object includes  a data structure
capable of storing and retrieving one or more slot definitions. Such data
structure can be, for example, an array or a hashtable. The component-type
object also  includes a name, which is the name of the component-type. This
name is either copied from  the name of the base class, or identified by a
developer in another way, such as by using a  specified field in the base
class. in step 104, all of the slot definitions of the base class are
stored in the component- type object. These are referred to as the frozen
slot definitions. At step 105 the framework  generates a slotmap class
which is associated with the component-type object created in step  103.
The slotmap class defines members that correspond to each property slot of
the  {M:\3929\2k294wo1\DL6047.DOC;1) 10 



15 August 2006  WO 03/071444 PCTIUS03/04803 component-type object. The
slotmap class also includes methods for creating additional  dynamic slots.
The process thus far is repeated, at step 107, for every existing base
class.  After one or more iterations the necessary number of component-type
objects is  created, at step 106. For each component-type object there is a
respective slotmap class,  instances of which can store unique values for
frozen property slots as well as any dynamic  slots that may be added.
Thus,~ one or more component-types have been created, but the software
still lacks  component based functionality, because there are no instances
of those component-types  present. In step 106 one or more components are
generated from the existing component- type objects. The framework creates
component instances in order to provide component  level functionality.
Component instances are created based on, for example, a data file or  user
input. For example, a data file can effectively contain a component system,
that has  already been designed by a developer or a user, the data f He
including component  instances, their organization, their configuration
properties, and execution flow within the  system indicated via links.
Furthermore, a user can use a graphical interface to create such   system
from scratch, by instantiating components and creating links among them
through   front-end browser or the like. In a preferred embodiment, the
framework is ultimately responsible for creating  components. When a
component of certain component-type needs to be created, the  framework
creates a component instance from an existing component generic class. The
generic class includes one or more utility members that are used for
communications with  other components (or for administering the component)
and a field suitable for inserting a  



slotmap or a reference to a slotmap. The framework identifies a
component-type object  {M:\3929\2k294wol\DL,6D47.DOC;l) 15 August 2006  WO
03/071444 PCTIUS03/04803 associated with the component-type of the
component to be created and the slotmap class  associated with that
component-type. It then creates a slotmap instance from the slotmap  class.
The framework attaches the slotmap instance to the component instance, so
that the  slotinap is effectively included in the component. It then
creates a reference from the  component instance to the component-type
object. This reference, usually a pointer,  designates an instance-type
relationship, i.e. it designates that that particular component  instance
belongs to the component-type described by the component-type object. If
the component-type object includes definitions of property slots, then the
framework optionally assigns values for them. These values can be obtained,
for example,  from the data file or from user input. If the framework has a
value that is to be assigned to  a property slot, the framework
accomplishes that by setting the value in the appropriate  field in the
slotmap object. This can be accomplished by accessing a setter method in
the  definition of the property slot, or by accessing setter methods for
the component or the  slotmap, or by accessing the slot value directly. If
no slot values are provided then the  framework either assigns default
values or does nothing. In an alternative embodiment, slotmap classes are
not created for each component- type object, instead each component
includes a generic slotmap, that is or contains a data  structure that
provides storage locations for the property slot values of the property
slots,  defined in the component-object, and can also store dynamic field
definitions and values.  Data structures that serve this purpose are known
in the art and may be an array, a  hashtable etc. The framework assigns a
name to each component, the name being either generated  



by the framework or obtained in the same way the property slot values were.
(M:N3929Vk294wO11DL6047.DOC;1) 12 15 August 2006  WO 03/071444
PCT/US03/04803  In this manner, the framework creates several components
that belong to one or more component-types. Figure 2 illustrates two such
components 211 and 212 that both  belong to a single component-type that is
defined by a component-type object 200. The  component-type object includes
a name 202 and the definitions of the frozen slots 204. In  this
illustrated example, there is one frozen action slot start 206, one frozen
topic slot alarm  206 and one frozen property slot hrs running 210. Slot
hrs running 210 contains an  integer, but in other examples, the property
slot can contain more complex data or data  structures Or other data types.
Slots 206 and 208 include the code needed to execute the  method and topic,
respectively. Components 211 and 212, named FirstFan and SecondFan,  each
include a slotmap 215, and 216. Each component's slotmap includes the
component's  value for the frozen property slot - 217, and 218. In
accordance with a salient aspect of the preferred embodiment, while the
software  is executing, dynamic slots can be added to components. Dynamic
slots are of the same  types as frozen slots. The adding of dynamic slots
during runtime is done by a user or by  the software itself. Depending on
implementation, dynamic slots are added by either  making a request to the
framework or invoking a utility procedure of the component.  Regardless of
which way is used, dynamic slots are added by being stored in the slotmap.
A dynamic slot always has a definition, it also has a value if it is a
property slot. The  definition is stored in the Slotmap and the value, if
applicable, is stored there as well.  Figure 3 shows the component system
of Figure 2 after two dynamic slots have been added  to component 211. A
dynamic action slot 301 called "Stop" had been, added, by adding its  



definition to the slotmap 215. Also, a dynamic property slot 302 called
power_usage has  been added by adding its definition 303 and value 304 to
the slotmap.  (M:%3929\2U94woJ\DLQ47.DOQI) 13 15 August 2006  WO 03/071444
PCTIUS03/04803  Notice that component 211 still references the same
component-type object 200. The component-type object has not been changed
to register the addition of dynamic slots. Thus,  component FirstFan 211 is
still of the same component-type even after the addition of two  dynamic
slots. And consequently components 211 and 212 are still of the same
component- type regardless of the fact that component 211 has two more
slots. This departure from the  pure" type-instance model is done for
performance reasons: creating a new component- type for each changed
component would slow down the system and require too much  additional
memory. Components possess utility methods that allow them to examine their
slotmaps for dynamic slots and provide their definitions to an outside
component, the  framework, or another module of the software. These utility
methods are necessary because  the component-type object does not hold the
definitions of the dynamic slots. Dynamic slots  can be accessed by other
components, the framework or another module of the software in  pretty much
the same way as frozen slots of the slounap object. Once created, dynamic
slots can later be deleted by removing their definitions (and  any values)
from the slotmap. This may occur, for example, as a result of a test of a
new  proposed feature or functionality that is introduced free of
recompiling the software, that is,  without any interruption of service.
The ability to introduce dynamic slots without recompiling also permits a
user to  add new relationships and connectivity that influence program
flow. This is achieved  through a "link," which is a slot that holds a
relationship between two components. More  



specifically a link holds a causal relationship between two slots (neither
of which is the  link) of two distinct components. For ease of reference,
these two slots are referred to as  the source and target slots. The
components that hold these slots are respectively referred to  as the
target and source components. There are many possible causal relationships
that can  JMA3929M294woI\DL6047.DOC;I) 14 15 August 2006  WO 03/071444
PCT[US03/04803  be represented by links. The types of links used in a
preferred embodiment are listed in  Table I with the types of slots they
link. Note that since at the component level the concept  of execution flow
includes changes of property fields, all of the links listed in Table I
control the execution flow of a component system. !!1111: le iaigei
Semantics Property Propertyl When source property changes, set the target
property  _~Jerty  Propert Property Action When source property changes,
invoke the action  Action When source action is invoked, invoke target
action  When soi~ Action Topic When source action is invoked fire target
topic  Wh to Topic Action en source -Tic i;es: iWvoie he ac~o~  Topic Topic
J When source topic fires, fire target topic - 7~oic .1  5 Table 1 A user
can create a flow of execution by linking various slots of various  



components. Links are frozen or dynamic. Dynamic links allow the execution
flow of a  component system to be changed while the software is running.
All one has to do to change  the execution flow, is create or delete links.
In order to avoid creating and deleting the 10 same links, a preferred
embodiment allows links to be activated and deactivated. This  provides the
added advantage that frozen links, which cannot be deleted, can still be
deactivated by an appropriately formulated dynamic link. A deactivated link
does not  function as a link, but still exists in the target component, and
can be subsequently  activated. 15 A link is implemented as one of the type
of slots. In a preferred embodiment the  link is included in the target
component, that is, the component that holds the target slot. A  link
preferably includes the following slots: a source component field, holding
a reference  jM:\3929\21a94WOI\DL6G47.DOC;1j 15 August 2006  WO 03/071444
PCT[US03/04803 to or the name of the source component; a source field,
holding the name of the source slot;  a target field, holding the name of
the target slot; and an "activated" flag that indicates  whether it is
activated or deactivated. Links also include methods that are useful for
handling them, such as Activate and  Deactivate methods or methods that
change the source field, the source component, and/or  the target field.
Note that the need for a reference to the target component is avoided in
this arrangement because the link is already included in the target
component; the target  component being referenced indirectly by the link's
placement. In a preferred embodiment, when links are activated they create
a knob at the source  component. A knob is a data structure similar to a
link-, that is saved in the slotmap of the  source component. The knob
indicates to the source component that it must propagate  events from its
slots to those of the target component. A knob includes data fields similar
to  



those of a link-, but it includes a reference or the name of the target
component instead of  that of the source component. A knob does not include
an activated flag. Rather, when a  link- is deactivated, the knob is simply
removed Figure 4 shows the components of Figure 3 with a dynamic link 401
having been  added. The link is activated so it causes a corresponding knob
402 to be created. Since the  target and the source slot are properties,
the effect of this link is, in the event that the value  of hrs_running of
FirstFan changes, to change the value of hrs-running of SecondFan to the
new value of hrs_ranning of the first fan. In other words, this link will
cause value 218 to  follow value 217, once value 217 changes. A link
behaves the same way regardless of  whether it links frozen or dynamic
slots (though there are some performance penalties if  dynamic slots are
involved). (M:\3929\2U94wo1\DL6047.DOC;1j 16 - -- - - - - - - - 15 August
2006 WO 03/071444 PCTIUS03/04803  Figure 5A is an abstracted diagram Of the
component system of Figure 4 with the  implementation details missing. It
shows the functionality of a link viewed from the  component level. Here
the link 401 is represented with an arrow from the source slot to the
target slot, instead of a slot in component 211. The link slot is
nevertheless present in  component 211. Figure 5A exhibits one of the
advantages of the component model. The component  module allows a complex
dynamic system to be abstracted and shown in a relatively simple  way. A
user is provided with visual interface in which one or more of the
components of  the component system are visually represented as widgets, or
diagrams. In fact, a visual  representation could be rendered similar to
what is shown in Figure 5A. Components can  



store their own representations in property slots, or those representations
can be handled by  a graphical module. For further details on a preferred
visual interface that can operate in  conjunction with the component model
described herein, see U.S. Patent Application Serial  No. To Be Assigned,
filed on even date herewith [Attorney Docket No. 3929/11294US2],  entitled
"Real-Time Data Interface And Method For Browsers And The Like," which is
hereby incorporated by reference as if set forth in its entirety herein.
Once the components are represented to a user through a graphical
interface, the  various relevant slots and values of these components are
also shown. A user can be  allowed to change values, or execute methods of
components through such interface by  click-selecting the various slots and
dragging links between components to add links. Furthermore, a user can be
allowed, to add new components, to add or remove  dynamic properties, to
add and remove dynamic links, or to activate and de-activate links  by
manipulating visual representations of links, slots and components on a
screen. Thus, a  user visually reprograms a component based system.
(M:\3929\2k294W01\DL6047.DOC;1) 17 15 August 2006  WO 03/071444
PCT/US03/04803  Figure 5B is an abstracted diagram of the component system
shown in Figure 5A, after link 401 has been removed. The removal of the
link is indicated by dashed line 401'.  Removal has been accomplished by
removing the dynamic link slot 411 from component  211. Any other dynamic
slot may be similarly removed. One of the benefits of the preferred
embodiment is that it combines the efficiency  and speed of frozen slots
with the flexibility of dynamic slots. At certain times dynamic  slots
prove to be too inefficient. Nevertheless, the preferred embodiment be used
to quickly  change and test the component system, by using dynamic slots in
order to find an optimal  



configuration. Once an optimal configuration is found a recompile is done
in order to  convert all dynamic slots into frozen slots. After the
recompile the system will retain its  optimal configuration, with much
better performance. Figure 6 illustrates how component 211 of the system
shown in Figure 3 is  optimized. Compiling dynamic slots into frozen slots
can result in a change to the original  component-type or a new
component-type, if all the components of the original component  -type did
not have the same dynamic slots. Dynamic slots 301, 302 are converted to
frozen  slots by removing their definitions from the slotmap 215 and
augmenting the frozen slot  definition of the component-type base class
200. The value 304 of the property slot 302  remains in the slotinap 215,
but is now associated with a frozen slot definition common to  all
components of the same component-type. The two values 217 and 304 are
paired up  with their respective definitions 210 and 303 by offsets listed
in or derived from these  definitions. Figure 7 illustrates a preferred way
of hierarchically organizing components into a  component system. As
already described, components can include other components as  property
slots. This is accomplished by including a reference to another component
as the a  jM:\3929\2Ia94woIXDL6047.D0C;I) 18 15 August 2006  WO 03/071444
PCTIUS03/04803 property slot. In alternative embodiments, a link
designating ownership is used instead of  the reference. It is Preferable
to utilize the ability of components to include other components and
organize the components of a system in a tree structure, as shown in Figure
7. There  component-type objects 706, 707, 708 and 709 describe
component-types A, B, C and D  respectively. Component 701 is of
component-type A, components 702 and 703 are of  



component-type B, component 704 is of component-type C and component 705 is
of  component-type D. Components 702, 703 and 704 are all included as slots
in component  701, the inclusion relationship being defined by references
in the slots 710 of component  701. Component 704 further includes
component 705. There is also an execution flow link  713, illustrated with
a bold arrow, that has slot 711 of component 705 as a source and slot  712
of component 703 as a destination. Components that include other components
are  referred to as parents. Components that are included in other
components are referred to as  children. More complex systems may be
organized in similar structures. In a preferred  embodiment all components
of a system are organized in a single tree. This means that  there is one
parent component, referred to as the root component, that is not included
in  any other components and one or more non-root components that can trace
their parentage  to the root component. In Figure 7 the root component is
component 701. This  organization creates an additional benefit in that
every component is uniquely identified  through a string that comprises of
a sequential listing of the names of its ancestors, starting  from the root
and ending in the components name. This feature can be used to help ensure
unique identification of components in a complex component system, in which
new  components from different vendors are continuously added to the
system. The identification  {MA3929\2k294woI\DL6047.DoC;IJ 19 ----------- -
--------- 15 August 2006  WO 03/071444 PCT[US03/04803  can be extended with
a field name, in order to similarly provide unique identification for
fields of components. Since a visual interface is an important benefit of
the component model, the present  invention also includes a system for
providing a visual interface. The system is especially  



9 useful for providing an interface for the component model, because it is
based on visual  objects, or widgets, and each such widget can visualize a
component. Another useful  feature is that the system combines great
flexibility with relatively low resource use. The visualization system is
designed to be compatible with popular software used  for displaying third
party content over standardized file formats, such as an HTML  browser. In
a preferred embodiment the present invention is implemented as a Java
applet,  within an HTML file. The java applet is referred to as the engine.
Figure 8 is a flow chart  showing the operation of the visualization
system. A user loads an HTML page with the  engine on an HTML browser in
step 801. In step 802 the HTML browser executes the  engine. In step 803
the engine requests a configuration file. The configuration file is
requested over a computer network, or from the user's computer. In a
preferred  embodiment the configuration file is an XML file. The
configuration file, includes the  layout of a visual presentation, and it
also includes references to one or more widgets, and  placement and/or
sizing information for these widgets. Widgets are visual objects. Examples
of widgets are representations of components,  physical devices, graphs,
pie-charts and tables. Widgets can be animated or provide  information in a
number of different ways. Widgets also optionally have the ability to
interact with the user. There is some executable code associated with each
widget, referenced in the  configuration file. This code is referred to as
an extension. Extensions are located on the  (M:'3929\2k294%voIWL6D47.DOC;
I) 20 15 August 2006  WO 03/071444 PCTIUS03/04803 user's Computer or on an
other computer connected to the user's computer by a computer  



network. Extensions can be located by references included in the
configuration file. The  engine parses the configuration file and locates
the extensions. The engine then loads the  extensions, downloading them
over a computer network, if necessary (step 804). The  engine then executes
all the extensions in parallel. Once the extensions are executing they
display the user interface with the help of the engine. Each extension
displays the widget it  is associated with. The engine displays the general
layout, described in the configuration  file, and it manipulates the
displayed widgets in order to size and place them according to  the
configuration file. The extensions optionally communicate with other
software modules,  and charige/update the widgets they are associated with
according to these communications.  In an exemplary embodiment a widget is
a graphical representation of a component and the  extension associated
with that widget communicates with the component over a computer  network.
The extensions also optionally interact with the user, by accepting and
responding  to commands by the user. The extensions can' also send or
receive information from other  software components, such as components,
based on interaction with the user. The widgets  thus continuously update,
based on the software code of the extensions, communications  with other
software modules, and/or interaction with the user. The extensions can
furthermore send control signals received from the user to other software
modules. For example, a widget represents a thermostat, which is controlled
by a thermostat  component. The extension corresponding to the thermostat
widget sends requests for  updated temperature readings over a network. The
thermostat component answers. The  extension then updates the temperature.
The user interacts with the widget. For example,  by clicking on the widget
the user expresses a desire to view the temperature in degrees  Celsius
instead of Fahrenheit. The extension receives that request and updates the
widget.  (MA3929\21294wo1\DL6047.DOC;I) 21 15 August 2006  



WO 03/071444 PCTIUS03/04803  The user can also send commands to the actual
thermostat through the widget, For example, if the user wishes to switch
the thermostat off, or to put it into a power saving  mode, the widget wll
forward the command to the thermostat component. An alternative embodiment
of the visual interface system assures higher efficiency  when network
communications are often utilized by the extensions. Because multiple
network communications by multiple extensions, operating in parallel, often
cause  performance problems, in the alternative embodiment extensions do
not initiate network  communications but instead send requests to the
engine. The engine aggregates network  communication requests over
predefined periods of time and attempts to combine them in  bundles of
larger size, and send them over the network, thus improving network
efficiency.  Only communications going out to the same computer may be
bundled. Also there must be  a software module at the receiving end that is
able to unbundle the communications. The  engine also receives bundles from
certain software modules, the handles containing  communications sent to
one or more extensions, unbundles them into single  communications and
sends these single communications to the extensions to which they  were
addressed to. This embodiment is most effective when many of the extensions
communicate with the same software module. The visual interface system has
been described using languages,, formats an  protocols, such as HTML, Java,
XML, for the purpose of concreteness and clarity. The  visual interface
system is not limited to these languages, formats and protocols. The visual
interface system may be configured to operate with any language that allows
embedded  applications. Any data file format, including proprietary data
formats may be used instead  of XML. (M:"929Uk294Wo1ML6G47.D0C;I) 22 



15 August 2006  WO 03/071444 PCT/US03/04803  Again, for farther details on
a preferred visual interface that can operate in conjunction with the
component model described herein, see the aforementioned U.S.  Patent
Application entitled "Real-Time Data Interface And Method For Browsers And
The  Like. Not all of a software program needs to be implemented in the
component model.  Component based functionality tends to be slower and
bulkier, than traditional object  oriented code. Thus, in preferred
embodiments, only the portions of the code that may need  to be dynamically
modified, or use other features of the component model may be  implemented
in the component model. But, code that is not technically implemented in
the  component model may still be encapsulated in a component so that it
appears as a  component to other components. Computers described in the
present documents may be any computing devices.  Computer networks include
wireless networks. The invention has been described in connection with a
particular embodiment but is  defined without limitation by the claims
appended hereto and includes insubstantial  variations in elements and
method steps. (MA3929Vk294WO1\DL6D47.DoC;1) 23 15 August 2006  WO 03/071444
PCT[US03/04803  What is Claimed is: 1 A software program for execution on a
machine, the software program  including one or more components of the same
component-type, the component type being  defined from a base class
comprising one or more slot definitions at least one of which is a  



property slot definition, the components being generated during run-time by
the steps  comprising: identifying all property slot definitions in the
base class; locating getter and setter methods for each identified property
slot definition in  the base class; generating a component-type object, the
component-type object being configured  to store slot definitions; storing
in the component-type object the property slot definitions identified in
the identifying step; generating one or more components, each component
having a slotmap and a  reference to the component-type object, wherein
each slotmap includes a storage location for  the value of each
property-slot definition stored in the component-type object; and setting a
property slot value, by inserting the property slot value into a storage
location in the slotmap of a particular one of the one or more components,
the property slot  value being associated with one of the property slot
definitions in the component-type object.  2. The method of claim I further
including the step of, (M:X3929X9k294wOIXDL6047.DOC;I) 24 15 August 2006
WO 03/071444 PCT/TJS03/04803  generating a slotmap class, the slotmap class
defining one or more storage  locations for the values of each property
slot whose definitions were identified in the  identifying step; wherein in
the generating of one or more components step each slotmap is an  instance
of the slotinap class. 



3. The method of claim 1 wherein at least one of the definitions of the
base  class is an action slot definition and further comprising the steps
of identifying one or more action slot definitions in the base class; and
storing the one or more action slot definitions in the component-type
object. 4. The method of claim I wherein at least one of the definitions of
the base  class is a topic slot definition and farther comprising the steps
of: identifying one or more topic slot definitions in the base class; and
storing the one or more topic slot definitions in the component-type
object. 5. The method of claim 1, farther comprising the step of, during
execution  of the software program, adding a dynamic slot to the slotmap of
a first component from among  the one or more components while leaving the
component-type object unchanged the adding step  being free of any
compiling step. 6. The method of claim 5 wherein the dynamic slot is a
property slot and  the adding step comprises: adding a dynamic property
slot definition to the slotinap of the first component;  and adding a
dynamic property slot value to the slotmap of the first component.
(MA3929\2U94WOI\DL6D47.DGC;i} 25 15 August 2006  WO 03/071444
PCT[US03/04803 7. The method of claim 5 wherein the dynamic slot is an
action slot and the  adding step comprises: adding a dynamic action slot
definition to the slotmap of the first component.  8. The method of claim 5
wherein the dynamic, slot is a topic slot and  wherein the adding step
comprises: 



adding a dynamic topic slot definition to the slotmap of the first
component. 9. The method of claim 5 further comprising the step of, during
execution  of the software program, removing the dynamic slot from the
first component, the removing  step being free of any compiling step. 10.
The method of claim 6, further comprising the steps of- executing the
software program for a period of time; removing the dynamic property slot
from the first component; adding a frozen property slot definition to the
component-type object, the frozen  property slot definition being identical
to the dynamic property slot definition; adding a frozen property slot
value to the slotmap of the first object, the frozen  property slot value
being identical to the dynamic property slot value; wherein the steps of
adding a frozen property slot definition and a frozen  property slot value
are performed by at least partially compiling the software program.
{MA3929=94WOI\DL6047.D0C;I) 26 15 August 2006  WO 03/071444 PCT/US03/04803
11. The method of claim 7, further comprising the steps of. executing the
software program for a period of time;  removing the dynamic action slot
from the first component; adding a frozen action slot definition to the
component-type object, the frozen  action slot definition being identical
to the dynamic action slot definition; wherein the step of adding a frozen
action slot definition is performed by at least  partially compiling the
software program. 12. The method of claim 8, further comprising the steps
of:  



executing the software program for a period of time; removing the dynamic
topic slot from the first component; adding a frozen topic slot definition
to the component-type object, the frozen  topic slot definition being
identical to the dynamic topic slot definition; wherein the step of adding
a frozen topic slot definition is performed by at least  partially
compiling the software program. 13. The method. of claim 5, farther
comprising the steps of:  displaying a graphical representation of the
software program; and  allowing a user to manipulate the graphical
representation; wherein the adding step is performed in response to the
user's manipulation of  the graphical representation.
(M.X3929NW94ivo1NDL6D47.DOC;I) 27 15 August 2006  WO 03/071444
PCTIUS03/04803  14. The method of claim 13, further including the step of
removing the  dynamic slot in response to the user's manipulation of the
graphical representation. 15. The method of claim 5, wherein a plurality of
components is generated  to define code, each component having a respective
slotmap and a reference to the same  component-type object, wherein the
dynamic slot is a link which defines a flow of execution of  the code from
a source slot in a second component from among the two or more components
to  a target slot in the first component. 16. The method of claim 15,
further comprising the steps of: displaying a graphical representation of
the software program which includes a  graphical representation of the
link; and 



allowing a user to manipulate the graphical representation of the link;
wherein the adding step is done in response to the user's manipulation of
the.  graphical representation of the link. IT The method of claim 15,
wherein the source slot is a property slot and  the target slot is a
property slot, the method including the additional step of executing the
code  so that the value of the target slot changes with any changes of the
value of the source slot.  (MA3929\2Ia94woIXDLG047.DOC;I) 28 15 August 2006
WO 03/071444 PCTIUS03/04803  18. The method of claim 15, wherein the source
Slot is a property slot and  the target slot is an action slot, the method
including the additional step of executing code so  that the target slot is
invoked in response to changes of the source slot's value. 19. The method
of claim 15, wherein the source slot is a topic slot and the  *target slot
is an action slot, the method including the additional step of executing
code so that  the target slot is invoked in response of the source slot
firing. 20. The method of claim 15, wherein the source slot is a topic slot
and the  target slot is a topic slot, the method including the additional
step of executing code so that the  target slot fires in response to the
source slot firing. 21. The method of claim 15, wherein the source slot is
an action slot and the  target slot is an action slot, the method including
the additional step of executing code so that  the target slot is invoked
in response to the source slot being invoked. 22. The method of claim 15,
wherein the source slot is an action slot and the  target slot is a topic
slot, the method including the additional step of executing code so that
the  target slot fires in response to invokation of the source slot. 



(M:\3929\2k294woI\DL6047.DOC;I) 29 15 August 2006  WO 03/071444
PCT[US03/04803  23. The method of claim 15, wherein the link comprises: a
reference to the second component;  the slot name of the source slot; and
the slot name of the target slot. 24. A method for automatically
designating unique names to components in a  component based software
system, comprising the steps of creating a root component, the root
component having no parents;  placing one or more non-root components
within the root component; placing one or more non-root components within
other non root components so  that the components form a tree structure and
each non-root component has one parent;  assigning a first component, among
the non root components, a unique  identification string comprising a
sequential list of the names of the ancestors of the component and the
component's name. 25. The method of claim 24 wherein the first component
comprises a slot  and further comprising the step of providing an
identification to the slot.. 26, The method of claim 25, wherein the slot
is a dynamic slot.  fM:U92912k294woI\DL6047.DOC;I) 30 




