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ACTION LANGUAGES FOR UNIFIED 
MODELING LANGUAGE MODEL 

COPYRIGHT 

[0001] A portion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Of?ce patent 
?le or records, but otherWise reserves all copyright rights 
Whatsoever. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to graphical 
programming or modeling environments for modeling pro 
grams and more particularly to methods, mediums and 
systems for providing a graphical action language for a 
model in Uni?ed Modeling Language (UML) or its dialects 
or extensions. 

BACKGROUND OF THE INVENTION 

[0003] The Uni?ed Modeling Language (UML) is a mod 
eling and speci?cation language used in software engineer 
ing. UML is often used for modeling object-oriented pro 
grams. UML includes a standardized modeling notation that 
may be used to create an abstract representation (“UML 
model”) of a system. While UML Was designed to specify, 
visualiZe, construct, and document softWare-intensive sys 
tems, UML is not restricted to modeling softWare and can be 
used for modeling systems in general. For example, UML 
can also be used for business process modeling, engineered 
system modeling, and modeling of organizational structure. 

SUMMARY OF THE INVENTION 

[0004] The present invention relates generally to graphical 
programming or modeling environments and more particu 
larly to methods, mediums and systems for providing an 
action language for modeling a system designed or 
described in a modeling language. For example, the graphi 
cal or modeling environment may be used to model the 
behavior of softWare, physical and/or control systems 
described in a softWare modeling language such as UML, or 
a specialiZed dialect of UML With optional extensions, such 
as, for example, the SysML variant of UML With system 
engineering extensions, and the Advanced Architecture 
Description Language (AADL). The action language may 
support modeling real-time operations of systems that are at 
least partially de?ned in a softWare modeling language. 
[0005] UML models are typically designed to capture the 
structure of a softWare system. UML does not de?ne a 
formal and precise-enough semantic to alloW a user to 
automatically build an executable model. Though the behav 
ior of the system can be modeled by statecharts, Which is an 
imperative and untimed language based on state transition 
diagrams, it is di?icult to use statecharts to capture all 
behavioral aspects of a system. Therefore, users may need to 
be skilled in a textual programming language, such as C++ 
and Java, to add textual code for the UML model in order to 
program methods that implement the operations that are 
de?ned by the model. Unfortunately, UML model designers 
are generally softWare architects Who construct the UML 
model at an abstract level and are not alWays skilled in 
programming languages and coding. 
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[0006] The imperative programming paradigm of text 
based languages such as C++ and Java and graphical lan 
guages such as statecharts require detailing hoW a sequence 
of operations implements a computation. These languages 
are Well-suited for specifying the ?ner details of sequences 
of computations, but are poorly suited for implementing 
extensive applications such as business softWare applica 
tions. Developing applications With imperative program 
ming languages is tedious and error prone. These limitations 
of imperative programming languages are re?ected in the 
development time and expense and defects found in present 
day softWare. The problems are compounded for real-time 
computation-intensive systems. 
[0007] The need for using text-based imperative program 
ming languages to Write methods for UML models makes it 
dif?cult to employ UML for the design of mission critical 
functions in real-World applications, such as medical, aero 
space or automobile applications. Programming such func 
tions requires solving time-ordering and data-precision com 
plexities that are beyond the typical skill set of programmers 
using imperative languages irrespective of their quali?ca 
tions in numerical computation sciences. It is often prefer 
able to design these systems in dynamically typed and 
declarative languages such as time-based block diagrams, 
Which include further domain speci?c facilities, such as the 
notion of sample time and data type propagation. Therefore, 
there is a need to support declarative languages by softWare 
modeling languages like UML, especially When these lan 
guages are employed for the design of embedded control 
systems. 
[0008] In accordance With a ?rst aspect of the invention, 
the present invention provides a graphical programming or 
modeling environment for softWare modeling languages, 
such as UML and variants. The environment supports at 
least one of a declarative action language and a dynamically 
typed action language. The action language may be graphi 
cal and/or textual and may enable a user to design and 
execute a program or model. 

[0009] The action language may be used for programming 
behaviors of a model designed using UML or its variants. As 
used herein, the term UML is understood to include UML 
and any of its dialects and/or extensions, such as SysML. It 
Will be understood by one of skill in the art that alternative 
embodiments of the invention may involve models designed 
in modeling languages other than UML. The behaviors of a 
UML model may address real-time and computation-inten 
sive needs. The computations may proceed in a distributed 
manner on multiple core processors, multiple processor 
platforms, and/or clusters of computers employing distrib 
uted computing facilities, such as, for example, the Distrib 
uted Computing Toolbox of The MathWorks, Inc. of Natick, 
Mass. 

[0010] The terms “graphical environment” and “graphical 
action language” are interchangeably used to refer to an 
environment that enables a user to design and execute a 
graphical program or model. 
[0011] The programming or modeling environment of the 
present invention may enable a user to program behaviors of 
the UML model in an integrated and executable manner, 
such that there is a relationship betWeen the UML model and 
the action language model and any changes to one may be 
re?ected in the other. Graphical models that capture the 
model behavior may be state transition diagrams, data How 
diagrams, entity ?oW diagrams, Petri nets, sequential func 
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tion charts, time-based block diagrams, rigid-body dia 
grams, electrical circuit diagrams, bond graphs, network 
diagrams, etc. These diagrams may represent numerical 
behavior, Which may be computed in real-time. In an alter 
native embodiment of the invention, the programming or 
modeling environment may restrict the use of a modeling 
formalism to only alloW diagrams that comply With a 
prede?ned style. For example, in one embodiment of the 
invention, only Moore or Mealy type state machines may be 
alloWed, While in another embodiment of the invention, only 
time-based block diagram models that produce MISRA 
compatible code may be alloWed. Any other style guideline 
may be enforced by the programming or modeling environ 
ment during different stages of the design of a model such 
as editing, parsing, compiling, simulating, and code gener 
ating. 
[0012] The graphical model may include extensive textual 
aspects that can be declarative as Well as imperative in 
nature. In addition, the graphical model may include 
dynamically typed and statically typed aspects. The graphi 
cal action language of the present invention enables a user 
to graphically program the methods or behaviors of a UML 
model or components in the UML model so that the UML 
model can be easily converted to executable code. 

[0013] In an alternative embodiment of the invention, the 
UML model With an action language can be simulated in an 
interpreted fashion. No code needs to be generated. Instead, 
the behaviors of the model are computed directly from the 
model or based on an intermediate representation of the 
UML model With the action language. 
[0014] In one embodiment of the present invention, the 
action language for the UML model may be a block diagram 
modeling language. The environment for block diagram 
modeling may provide a set of block libraries for program 
ming the methods and behaviors of the UML model or 
components in the UML model. The graphical action lan 
guage may be hierarchical and include nesting and refer 
encing language elements. In one aspect of the invention, the 
reference may be a reference to an element in a library, a 

separate model, a part of a separate model, and a component 
that may be a shared library With a Well-de?ned interface or 
accessible through a message passing protocol. 
[0015] The programming or modeling environment may 
contain or have access to block libraries. The block libraries 
may contain blocks such as one and higher dimensional 
lookup tables. These lookup table blocks may contain one or 
multiple input values. A table is speci?ed by a set of data 
points on a grid that has as many dimensions as the number 
of input values. The data points at each grid point may be 
scalar or multi-dimensional as Well. For each set of input 
values, the output is determined by the grid points. In case 
the input values correspond exactly to a grid point, the data 
at that grid point can be returned as output. If, hoWever, the 
input values are in betWeen grid points, an interpolation 
scheme can be employed to derive the data point for those 
input values. This may be a linear interpolation, a Zero-order 
hold interpolation, a curve ?tting interpolation or any other 
interpolation scheme. Similarly, if the input values are 
beyond the grid of the table, an extrapolation scheme can be 
employed for Which similar techniques as for interpolation 
exist, While different approaches for interpolation and 
extrapolation may be employed. In case multiple lookup 
tables With the same input grid are used, the computation of 
the index and fraction on the grid can be precomputed by a 
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pre-indexing block and directly used as input to the lookup 
table block. Precomputing prevents repeated computation of 
the same result. 

[0016] A block library may further contain a continuous 
time integrator block to integrate the set of input values over 
time. More generally, a transfer function block can be 
included in the block library. The coef?cients of this transfer 
function may be speci?ed in a number of different forms 
such as by coefficients in a numerator and denominator, by 
an observer canonical form, and by a controller canonical 
form. Sparse representations may be employed Where coef 
?cients that are 0 are not explicitly represented unless 
expressly necessary (for example for tuning purposes or 
because of the speci?c canonical form). 
[0017] Other blocks that may be available from the block 
library include a truth table block, a state transition diagram 
block, a Zero-crossing detection block, a discrete-time inte 
grator and transfer function, a logic operations block, an 
arithmetic operations block Which facilitates addition, sub 
traction, multiplication, and division, and a trigonometric 
operation block. Additionally, data store blocks may be 
available, to alloW shared variables through data read and 
data Write blocks Without the need for explicitly draWn 
connections. 

[0018] The block diagram modeling language may sup 
port the modeling effort by automatically assigning charac 
teristics of variables. These characteristics may include but 
not be limited to data type, Whether complex values (With a 
real and imaginary part) are used, the dimension of a signal, 
and the sample rate of a signal. Propagation may be imple 
mented based on a type lattice and a ?xed-point iteration 
over the partial order as provided by the lattice. Degrees of 
freedom can be resolved in a conservative or optimistic 
manner. For example, if a signal has to at least have the 
integer data type, it can be selected to be an integer, but, 
alternatively, the data type double may be assigned as Well. 
Different algorithms for propagating characteristics of 
model variables such as signals exist, for example forWard 
propagation, backWard propagation, and a combination of 
the tWo, supplemented by heuristics that may be used to 
resolve con?icts and ambiguities. 
[0019] In another aspect of the invention, the action lan 
guage is used for coverage analysis to identify Which 
elements of a model have been evaluated during a set of 
executions. In yet another aspect, the action language is used 
to analyZe the time it takes for model elements to be 
evaluated. This timing analysis can be used to schedule the 
execution of model elements so as to achieve real-time 
behavior on a given computing platform. In a further aspect, 
the action language is used to automatically generate tests 
that contain input values to the model. The generated tests 
are generated so as to invoke certain behavior of the model 
or so as to enforce evaluation of certain model elements. 

[0020] In accordance With another aspect of the invention, 
a medium is provided for use With a computing device 
holding instructions executable by the computing device for 
performing a method. The method comprises providing a 
graphical programming or modeling environment for soft 
Ware modeling languages such as UML and variants, the 
environment supporting at least one of a declarative action 
language and a dynamically typed action language. Said 
action language may be graphical and textual and enable a 
user to design and execute a program or model. 
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[0021] In accordance With another aspect of the invention, 
a system is provided for generating and displaying a graphi 
cal modeling application. A system for generating and 
displaying a graphical modeling application, said system 
includes a UML model generated in a graphical program 
ming or modeling environment; and means for modeling 
behavior of an aspect of said UML model by using at least 
one of a declarative action language and a dynamically 
typed action language. Said action language may be graphi 
cal and textual and enable a user to design and execute a 
program or model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The aforementioned features and advantages, and 
other features and aspects of the present invention, Will 
become better understood With regard to the folloWing 
description and accompanying draWings, Wherein: 
[0023] FIG. 1 depicts an illustrative embodiment of the 
present invention in Which a model generated in a UML 
modeling environment is imported into a graphical program 
ming or modeling environment; 
[0024] FIG. 2 is an exemplary electronic device suitable 
for practicing the illustrative embodiment of the present 
invention; 
[0025] FIG. 3 depicts an exemplary netWork environment 
suitable for the distributed implementation of the present 
invention; 
[0026] FIG. 4 shoWs an exemplary operation of the illus 
trative embodiment of the present invention; 
[0027] FIG. 5 depicts three components of an extended 
UML modeling environment to clarify the relations that part 
of the illustrative embodiment of the present invention. 
[0028] FIG. 6 is an exemplary component diagram of a 
UML model; 
[0029] FIG. 7 is an exemplary XMI ?le into Which the 
UML model is exported; 
[0030] FIG. 8 shoWs an exemplary block diagram repre 
senting the components of the UML model in the block 
diagram environment; 
[0031] FIG. 9 shoWs exemplary sub-blocks of the Server 
block depicted in FIG. 8; 
[0032] FIG. 10 depicts exemplary sub-blocks of the body 
block depicted in FIG. 9 
[0033] FIG. 11 is an exemplary block diagram that corre 
sponds to a UML model; 
[0034] FIG. 12 shoWs exemplary signals generated by the 
simulation/execution of the block diagram depicted in FIG. 
11; 
[0035] FIG. 13 is an exemplary sequence diagram gener 
ated using the simulation/execution data of the block dia 
gram depicted in FIG. 11; 
[0036] FIG. 14 is another exemplary block diagram that 
corresponds to a UML model; and 
[0037] FIG. 15 is a dialog presented to the user When a 
connection betWeen tWo incompatible components is made. 

DETAILED DESCRIPTION 

[0038] Certain embodiments of the present invention are 
described beloW. It is, hoWever, expressly noted that the 
present invention is not limited to these embodiments, but 
rather the intention is that additions and modi?cations to 
What is expressly described herein also are included Within 
the scope of the invention. Moreover, it is to be understood 
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that the features of the various embodiments described 
herein are not mutually exclusive and can exist in various 
combinations and permutations, even if such combinations 
or permutations are not made express herein, Without depart 
ing from the spirit and scope of the invention. 
[0039] One embodiment of the present invention provides 
an action language for modeling the temporal behavior of a 
uni?ed modeling language (UML) model. Declarative and 
dynamically typed action languages may be provided for 
modeling the behavior of physical, control, real-time and 
computation-intensive systems of a UML model. The behav 
ioral model corresponds to a computational representation 
that is evaluated by the supplied environment or an external 
product. One embodiment of the present invention addition 
ally provides a graphical environment for creating and 
executing, either in an interpreted, compiled, or mixed 
fashion, UML diagrams that instantiate the realiZed objects. 
Each execution generates a UML interaction diagram With 
time-annotated messages betWeen the participating objects 
as a means for softWare, control, and system designers to 
collaboratively re?ne and document the interfaces. 

[0040] In accordance With another aspect of the invention, 
debugging and pro?ling of the execution of a UML model 
that has a realiZation in the action language can be per 
formed. While debugging, the execution of a model can be 
halted at desired points in the sequence of computations. A 
breakpoint indicates a point at Which the computations are to 
be halted. When halted, values of model elements and 
variables can be inspected. Halting execution of the model 
can be done programmatically based on conditional break 
points. The debugging facilities of graphical models may 
alloW breakpoints to be set on model elements so as to halt 
execution immediately before they are evaluated. Break 
points can also be set in, for example, the numerical solver 
computations. For example, in the case Where a computed 
integration step is rejected because it leads to too large an 
error in the numerical approximation, execution can be 
halted and internal solver variable values as Well as model 
entity and variable values can be inspected. Pro?ling 
involves reporting on the computational cycles spent on 
evaluating model elements. The reports generated by pro 
?ling can be hierarchically structured and can provide, for 
example, insight as to Where execution of a model may be 
optimiZed. 
[0041] In a real-time con?guration, the time spent evalu 
ating model entities can be pro?led. Real-time execution 
typically depends on implementation factors that may 
include the ambient temperature and nondeterministic 
effects of the microprocessor task execution. As such, the 
real-time execution may vary, and the real time that is 
required to evaluate model entities may vary. One aspect of 
system design that can be determined by pro?ling is the 
Worst-case execution time for model entities. This Worst 
case execution time can then be used to construct a conser 

vative schedule for model execution such that in the Worst 
case, the model execution still remains beloW an upper 
bound in time. This schedule can be automatically generated 
from the model and information on the execution platform. 
For example, tasks that can be paralleliZed based on the 
model may result in a Worst-case execution time of only one 
of the possible paths of execution for the task. LikeWise, the 
schedule can be established by a designer or a semi-auto 
mated approach may be employed. Other design, analysis, 
and synthesis tasks are facilitated by knoWledge of task 
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execution times, including Worst-case execution time, as 
understood by the skilled practitioner in the art. 
[0042] In one embodiment of the present invention, a 
UML model may be exported into a text-based format, such 
as an XML Metadata Interface @(MI) format. The modeling 
environment may read the XMI format and publish the 
components of the UML model using hierarchical compu 
tational blocks provided in the modeling environment. 
[0043] The graphical programming or modeling environ 
ment enables a user to edit a UML model. Editing the UML 
model may include adding neW modeling elements such as 
interaction models that shoW an exchange of messages 
betWeen run-time objects. In another embodiment of the 
invention, editing the UML model may involve adding 
tag-value pairs to one or more UML modeling elements to 
hold extra information such as information resulting from 
the graphical modeling and execution activities. In yet 
another embodiment of the invention, editing the UML 
model may involve modifying existing model elements, 
such as existing tagged values, and datatypes of operations. 
[0044] The graphical programming or modeling environ 
ment enables graphical modeling of the behavior of the 
UML model so that the model can be executed in the 
graphical programming or modeling environment. Execu 
tion may be realiZed by running of code that results from 
code generation or by interpreting the model. Different 
versions of code can be automatically generated from the 
graphical action language and deployment artifacts of the 
corresponding elements of the UML model. A deployment 
artifact is a combination of requirements and instructions for 
compiling and/ or executing the UML model. These different 
versions may vary betWeen highly instrumented code for 
debugging, pro?ling, and prototyping purposes, Which may 
include functionality for data logging and the like, to highly 
optimiZed, optionally ?xed-point, code to be used in the 
production version of a system under design. Optimizations 
that may be employed are the inlining and outlining of 
functionality, constant propagation, expression folding, 
unrolling of iteration loops, merging of iteration loops, 
limiting the scope of local variables by reordering assign 
ments, and the like. 
[0045] In one embodiment, the graphical programming or 
modeling environment provides search facilities for the 
UML model and the model designed using the action 
language. These search facilities include but are not limited 
to facilities for searching speci?c properties of model ele 
ments, facilities for searching for strings, facilities for 
searching for types, facilities for searching for certain 
parameter values and settings, and facilities for performing 
customiZable searches using a query language such as the 
Object Constraint Language (OCL) and XQuery. 
[0046] In another embodiment of the invention, the gen 
erated code and the related model entities are hyperlinked. 
This alloWs the user to directly navigate betWeen the cor 
responding par‘ts of the code and model. One embodiment 
includes hyperlinks in the generated code that, When clicked, 
bring up the corresponding model part. The model parts may 
have a right-click popup menu With an option to bring up the 
generated code that relates to that model part. The relation 
may be one-to-one (for example, When one addition is 
executed in code in correspondence to a summation block in 
the graphical model), many-to-one (for example, When 
expression folding results in one assignment in the code 
capturing the computation of a number of blocks in the 
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graphical model and, conversely, When a block in the 
graphical model requires more than one statement in code), 
and many-to-many (for example, When the folding of 
expressions generated by more than one block includes more 
than one expression that corresponds to one block). 
[0047] In a further embodiment of the invention, generat 
ing production code may additionally generate the construc 
tion artifacts of concrete components that have been realiZed 
Within the graphical programming or modeling environ 
ment. These artifacts notably include the generated code (for 
example, source, include, binary, executable, scripts, and 
command ?les) as Well as all additional deployment data 
(for example, a make?le, documentation and report ?les, 
and component-description ?les for a speci?c component 
platform such as CORBA, its real-time extension CORBA 
RT, AADL, Autosar, and SoftWare Communication Archi 
tecture (SCA) as de?ned by the Department of Defense, and 
derivates). The corresponding UML notations for the real 
iZed concrete components are additionally generated and 
added to the initial UML model using the appropriate UML 
modeling element (for example, description, annotation, and 
tag-values). 
[0048] In another embodiment of the present invention, 
the graphical programming or modeling environment may 
simulate a UML component diagram that extends to con 
tinuous and discrete time aspects of multi-domain systems 
for physical, chemical, biological, and business applications. 
The alternative embodiment of the present invention may 
also generate, optimiZe and validate the implementation 
code of a UML component that incorporates the numerical 
and temporal behavior of the model. The code may be 
deployed on embedded hardWare, rapid prototyping hard 
Ware, target hardWare as Well as WetWare. The code may 
describe an implementation in softWare, for example as a C 
or C++ program, but it may also describe an implementation 
in hardWare by means of a hardWare description language 
(HDL). 
[0049] In an additional embodiment of the present inven 
tion, the graphical programming or modeling environment 
may simulate a UML deployment diagram that enables a 
user to assess performance, load, reliability, and schedula 
bility requirements of the run-time processing nodes against 
the time and numerical resolution of control and signal 
processing algorithms With safety and reliability constraints. 
The simulation may include a discrete event model of the 
implementation part. The parameters of this implementation 
model may be generated by reading an architecture descrip 
tion from a UML pro?le such as AADL describing objects 
such as CPUs, physical buses, memory layout, and device 
driver performance. 
[0050] In another embodiment of the present invention, 
the graphical programming or modeling environment may 
generate a sequence diagram automatically from the inter 
preted, compiled, or mixed execution of the model. The 
sequence diagram is one of the UML interaction models. 
The generated sequence diagram may be converted into a 
text-based format, such as the XML format, and merged into 
the text-based XMI format of the UML component model so 
that the UML source model contains the component diagram 
and the sequence diagram. 
[0051] In one aspect of the invention, a sequence diagram 
that is part of the UML model is automatically converted 
into a set of input signals to the behavioral model. The 
sequence diagram as it is part of the UML model may 
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associate behavioral input to a temporal sequence of mes 
sage exchange. This sequence can be directly used as input 
during execution (either interpreted, compiled, or mixed) of 
the behavior model, While the dependent activities in the 
sequence diagram emerge during the execution and can be 
validated against the original sequence diagram. 
[0052] Another embodiment of the present invention pro 
vides a declarative graphical action language for modeling 
the behaviors of a uni?ed modeling language (U ML) model. 
The behavioral model corresponds to a computational rep 
resentation that is evaluated by the supplied environment or 
an external product. One embodiment of the present inven 
tion additionally provides a graphical environment for cre 
ating and executing, either in an interpreted, compiled, or 
mixed fashion, UML diagrams that instantiate the realiZed 
objects. 
[0053] One aspect of the present invention is directed to an 
action language for a UML model by specifying and con 
necting instances of the components that are declared in the 
UML model and Whose operations have been implemented 
using the graphical programming or modeling environment 
or imported from external source program in languages such 
as Python, C, C++, FORTRAN, ADA, and HDL, and 
Wrapped into a behavioral block model of the graphical 
programming or modeling environment. This block may be 
transparent to the modeling environment or opaque and 
generate interacting behavior by means of co-simulation. 
The interface of the block can be speci?ed by the S-Function 
API used by Simulink®. This method may also include the 
step of representing the components of the model using 
functional blocks in a block diagram environment. The 
block diagram environment enables a user to program the 
behaviors of the UML model. 

[0054] In another aspect of the present invention, a 
medium is provided for holding instructions executed in a 
computer to provide an action language for a UML model. 
The instructions are executed to receive components of the 
UML model. The instructions are also executed to represent 
the components of the model using blocks in a block 
diagram environment. The medium may be computational 
hardWare such as a central processing unit (CPU), graphics 
programming unit (GPU), digital signal processor (DSP), 
?eld programmable gate array (FPGA), and an application 
speci?c integrated circuit (ASIC), etc. 
[0055] In another aspect of the present invention, a system 
provides a graphical action language for a Uni?ed Modeling 
Language (UML) model. The system includes a UML 
modeling environment for specifying and connecting 
instances of components of the UML model. The skilled 
practitioner in the art Will acknowledge that in UML, there 
is no semantic difference betWeen components and classes 
and any functionality described for components can be 
practiced for classes. The system also includes a publishing 
tool for representing the components of the model using 
blocks in a block diagram environment, Wherein the block 
diagram environment enables a user to model behaviors of 
the UML model. 

[0056] An element of the UML model as referred to 
herein, may be one or more classi?ers, and combinations 
thereof, that describe structural and behavioral features such 
as operations that are declared in classes. This includes 
association, class, component, datatype, interface, node, 
signal, as Well as extensions of these modeling elements 
such as a subsystem that can be described as a stereotype of 
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a class. It also includes instances of those classi?ers such as 
objects that are instances of classes and links that are 
instances of associations. It furthermore includes UML 
model elements that specify hoW messages are exchanged 
over time among objects during an instance of an interac 
tion. 

[0057] The illustrative embodiment of the present inven 
tion is directed to a graphical programming or modeling 
environment in Which a graphical model is executed in an 
interpreted, compiled, or mixed fashion, or in Which code is 
generated for the model. In the description of the illustrative 
embodiment, the simulation of the model is also referred to 
as the interpreted execution of the model. In one aspect of 
the invention, a graphical programming or modeling envi 
ronment enables a user to graphically program the behavior 
of a Uni?ed Modeling Language (U ML) model. The graphi 
cal programming or modeling environment represents a 
softWare or hardWare system as a collection of blocks 
interconnected by lines. Blocks are entities of the system 
that perform given functions in the system. 
[0058] In the illustrative embodiment of the present inven 
tion, a UML model may be exported into a text-based 
format, such as the XML Metadata Interface (XMI) format. 
The graphical programming or modeling environment may 
import the UML model and represent the UML model using 
behavioral blocks provided in the graphical programming or 
modeling environment. The illustrative embodiment may 
provide a publishing tool for representing the components of 
the UML model using hierarchical functional blocks in the 
graphical programming or modeling environment. The 
graphical programming or modeling environment enables a 
user or programmer to graphically de?ne the behaviors of 
the UML model so that the UML model can be executed. 
The UML model can be modi?ed based on the execution 
results. Furthermore, code can be generated from the graphi 
cal model that captures behavior of the UML model, and this 
code can be included in the UML model as its implemen 
tation. 
[0059] The illustrative embodiment Will be described 
beloW solely for illustrative purposes relative to a time 
based block diagram environment and/or a state and How 
diagram environment. Although the illustrative embodiment 
Will be described relative to a time-based block diagram 
environment and/or a state and How diagram environment, 
one of skill in the art Will appreciate that the present 
invention may apply to other graphical programming or 
modeling environments, as long as the block diagram model 
has some notion of semantics that alloWs it to be interpreted 
or transformed into an executable for a computer processor/ 
microcontroller, directly synthesized in general-purpose and 
application-speci?c hardWare, or synthesized into WetWare. 
For example, the illustrative embodiment may apply to 
physical modeling and in general ‘plant’ models, and to 
non-software (or HDL) bound components. 
[0060] An exemplary state-based and How diagram and 
time-based block diagram may be provided in State?oW® 
and Simulink®, respectively, both from The MathWorks, 
Inc. of Natick, Mass. The illustrative embodiment Will be 
described relative to State?oW® and/or Simulink®. Never 
theless, those skilled in the art Will appreciate that the 
present invention may be practiced relative to other envi 
ronments for capturing behavior. An example of a textual 
environment is MATLAB® from The MathWorks, Inc., of 
Natick, Mass. Examples of graphical models include but are 
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not limited to those facilitated by SimEvents from The 
MathWorks, Inc., of Natick, Mass., LabVIEW from 
National Instruments Corporation of Austin, Tex. or to any 
tool that provides capabilities to capture behavior of UML 
models With extension to How modeling of continuous or 
discrete data items betWeen blocks and With extension to 
modeling properties of interconnected blocks as a set of 
mathematical equations to be solved. 
[0061] Simulink® provides tools for time-based modeling 
and simulation of a variety of dynamic systems in one 
integrated, graphical environment. Simulink® enables users 
to design a block diagram for a dynamic system, simulate 
the system’s behavior, analyZe the performance of the 
system, and re?ne the design of the system. Simulink® 
alloWs users to design models of systems through a user 
interface that alloWs drafting of block diagrams representing 
systems. All of the blocks in a block library provided by 
Simulink® and other programs are available to users When 
the users are building the block diagram. Individual users 
may be able to customiZe this block library to: (a) reorganize 
blocks in some custom format, (b) delete blocks they do not 
use, and (c) add custom blocks they have designed. The 
blocks may be dragged through some human-machine inter 
face (such as a mouse or keyboard) from the block library 
onto the WindoW (i.e., model canvas). 
[0062] Simulink® includes a block diagram editor that 
alloWs users to perform such actions as draW, edit, annotate, 
save, and print out block diagram representations of sys 
tems. The block diagram editor is a graphical user interface 
(GUI) component that alloWs drafting of block diagram 
models by users. In Simulink®, there is also a textual 
interface With a set of commands that alloW interaction With 
the graphical editor, such as the textual interface provided in 
MATLAB®. Using this textual interface, users may Write 
special scripts that perform automatic editing operations on 
the block diagram. Simulink® also alloWs users to simulate 
the models to determine the behavior of the systems. Sim 
ulink® includes a block diagram execution engine that 
carries out the task of compiling and linking the block 
diagram to produce an “in-memory executable” version of 
the model that is used for generating code and/ or simulating 
a block diagram model. 
[0063] State?oW® provides a graphical environment for 
modeling and designing state transition systems. State?oW® 
describes complex system behavior using ?nite state 
machine theory, ?oW diagram notations, and state-transition 
diagrams. State?oW® models state diagrams that graphi 
cally represent hierarchical and parallel states and the event 
driven transitions betWeen the states of the systems. State 
?oW® is integrated With Simulink®, Which enables each of 
the state diagrams to be represented as its oWn block. Based 
on the state diagrams created in State?oW®, Simulink® 
executes the systems to analyZe the behavior of the systems. 
This provides State?oW® With a modulariZation mecha 
nism. In a Simulink® model, one State?oW® chart can be 
separated from another by means of a Well-de?ned interface 
that can convey data and control. As such the interaction 
betWeen charts can be limited, Which provides modularity to 
a design that alloWs a complexity beyond What Would have 
been possible Without such interfaces. Optionally, direct 
interaction betWeen State?oW® charts can implemented by 
the designer. 
[0064] Different forms of code can be generated from a 
State?oW® chart. This includes C, C++, and HDL. If the 
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execution of a State?oW® model is required to be sequen 
tial, facilities to establish a unique execution order can be 
employed. This includes ordering of transition and state 
evaluations. This ordering can be done automatically or 
explicitly provided by the user. An implicit ordering based 
on the geometry of the diagram can be applied instead, or a 
mixture of the approaches can be used. 

[0065] A plurality of actions can be modeled in a State 
?oW®0 chart. For example, condition actions are evaluated 
When a condition is evaluated, event actions are evaluated 
When an event occurs and a corresponding transition is 
executed, and state entry actions are executed When a state 
becomes active. These actions may be directly connected to 
a Simulink® model. Additionally, a State?oW® chart may 
invoke a function-call in a Simulink® model. 

[0066] FIG. 1 depicts an exemplary system 2 for imple 
menting the illustrative embodiment of the present inven 
tion. The system 2 may include a UML modeling environ 
ment 4 and a graphical programming or modeling 
environment 8. The UML modeling environment 4 enables 
a user to build an abstract UML model 5 that complies With 
UML standards. The UML modeling environment 4 may be 
provided by various UML tools, such as Rational Software 
Architect from IBM of White Plains, N.Y., Rhapsody and 
TAU-2 from Telelogic AB, SWeden, Studio from Artisan, 
etc. With the UML tools, the user may create and edit UML 
diagrams that folloW the graphical notation of the UML 
standards. An exemplary UML model Will be described 
beloW in more detail With reference to FIG. 6. 

[0067] The abstract model 5 can be exported into a text 
based data format 6. The text-based data format 6 may 
contain information on the graphical and non-graphical 
aspects of the model 5. The text-based data format 6 may be 
described using the XML Metadata Interface @(MI) format. 
One of ordinary skill in the art Will appreciate that the 
text-based data format 6 may be described using other 
markup languages, such as Hypertext Mark-up Language 
(HTML) and Standard Generalized Mark-up Language 
(SGML). Further, the text-based data format need not be a 
markup language format. For example, the text-based data 
format could be a text format or other canonical format. An 
exemplary text-based data format Will be described beloW in 
more detail With reference to FIG. 7. While a text-based data 
format is described here for illustrative purposes, the inven 
tion is not limited to text format and may also ‘read’ and 
transform the elements of a UML model using a direct 
programming API for accessing the UML information. For 
example, an alternative embodiment of the invention may 
have a programmatic interface using the EMF UML2 pack 
age of Eclipse. 
[0068] The text-based data format 6 may be imported into 
the graphical programming or modeling environment 8, 
such as a time-based block diagram environment and/or a 
state and How diagram environment. The illustrative 
embodiment may provide a tool for reading and analyZing 
the text-based data format 6 and generating a block diagram 
model 9 that can be simulated or executed in the graphical 
programming or modeling environment 8. With the block 
diagram model 9, the graphical programming or modeling 
environment 8 enables a user or programmer to realiZe the 
UML model 5 so that the UML model can be executed in an 
interpreted, compiled, or mixed fashion. One of ordinary 
skill in the art Will appreciate that the time-based block 
diagram environment or state and How diagram environment 
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is an exemplary graphical programming or modeling envi 
ronment and the present invention may apply to other 
graphical programming or modeling environments, includ 
ing state-based, event-based, data How diagrams, physical 
system diagrams, and entity ?oW netWorks. 
[0069] FIG. 2 is an exemplary computing device 10 suit 
able for practicing the illustrative embodiment of the present 
invention. One of ordinary skill in the art Will appreciate that 
the computing device 10 is intended to be illustrative and not 
limiting of the present invention. The computing device 10 
may take many forms, including but not limited to a Work 
station, server, netWork computer, quantum computer, opti 
cal computer, bio computer, Internet appliance, mobile 
device, a pager, a tablet computer, and the like. 
[0070] The computing device 10 may be electronic and 
include an execution unit 11, memory 12, storage 13, an 
input control 14, a modem 15, a netWork interface 16, a 
display 17, etc. The execution unit 11 controls each com 
ponent of the computing device 10 to provide a program 
ming or modeling environment. The memory 12 temporarily 
stores instructions and data and provides them to the execu 
tion unit 11 so that the execution unit 11 operates the 
computing device 10 and runs the modeling or programming 
environment. The storage 13 usually contains softWare tools 
for applications. The storage 13 includes, in particular, code 
20 for the operating system (OS) of the device 10, code 21 
for applications running on the operation system including 
applications for providing the modeling or programming 
environment, and data 22 for models in the programming or 
modeling environment. Those of ordinary skill in the art Will 
appreciate that the application can be stored in the memory 
12 as Well, much like the data, and even the OS, or they can 
be stored on the netWork described beloW With reference to 
FIG. 3. 

[0071] Optionally, the computing device 10 may include 
multiple Central Processing Units (CPUs) for executing 
softWare loaded in the memory 12, and other programs for 
controlling system hardWare. Each of the CPUs can be a 
single or multiple core processor. The code loaded in the 
memory 12 may run in a virtualiZed environment, such as in 
a Virtual Machine (VM). Multiple VMs may be resident on 
a single processor. Also, part of the application could be run 
in hardWare (H/W), for example, a graphics processing unit 
(GPU) or by con?guring a ?eld programmable gate array 
(FPGA) or creating an application speci?c integrated circuit 
(ASIC). 
[0072] The input control 14 may interface With a keyboard 
18, a mouse 19, and other input devices. The computing 
device 10 may receive through the input control 14 input 
data necessary for creating models, such as the selection of 
the attributes and operations of components in the models. 
The computing device 10 may also receive through the input 
control 14 input data necessary for controlling the execution 
of the models. The computing device 10 may present in the 
display 17 user interfaces for the users to create, edit, 
simulate, and execute the models. The resources depicted in 
FIG. 2 may be connected to each other through the bus 23. 
The bus 23 may be an on-chip, off-chip or netWork bus. The 
bus 23 may include a control-area netWork (such as CAN, 
FlexRay, TTP, ARINC for eg Automotive and avionic 
applications) bus. 
[0073] FIG. 3 depicts an exemplary netWork environment 
23 suitable for the distributed implementation of the illus 
trative embodiment. A server 2 and clients 6 and 8 may be 
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coupled to the netWork 4 through communication links. The 
netWork interface 16 and the modem 15 of the computing 
device 10 enable the server 25 to communicate With the 
clients 26 and 27 through the communication netWork 24. 
The communication netWork 24 may include a control-area 
netWork (such as CAN, FlexRay, TTP, ARINC for eg 
Automotive and avionic applications), Internet, intranet, 
LAN (Local Area NetWork), WAN (Wide Area NetWork), 
MAN (Metropolitan Area NetWork), Wireless, Optical, etc. 
The communication facilities can support the distributed 
implementations of the present invention. The netWork 
interface may employ a variety of connections including, but 
not limited to, standard telephone lines, LAN or WAN links 
(e.g., 802.11, T1, T3, 56 kb, X25), broadband connections 
(e.g., ISDN, Frame Relay, ATM), cluster interconnection 
(Myrinet), peripheral component interconnections (PCI, 
PCI-X), Wireless connections, or some combination of any 
or all of the above. 

[0074] In the illustrative embodiment, the client 26 may 
include a UML modeling environment 4 that enables a user 
to build a UML model. The client 26 may send the UML 
model to the server 25 for converting the UML models into 
a different format so that the UML model can be used in 
other modeling environments. The server 25 may include a 
publishing tool 28 for generating a corresponding represen 
tation of the components of the UML models that can be 
used in the graphical programming or modeling environ 
ment 8, such as blocks in block diagram models. This 
representation may be in the form of a library ?le. This 
library may only contain blocks that have a corresponding 
representation in the UML model, and so restrict the user to 
only use blocks With a UML interpretation that are alloWed. 

[0075] LikeWise, a block library may be provided that is 
con?gured toWards a speci?c platform. For example, a 
library may only contain blocks that facilitate part or all of 
the standardized softWare services of Autosar. This may 
include blocks that correspond to the send and receive 
Autosar FloWPort interface. These blocks may be provided 
in a general purpose interface as Well and they may also be 
made available otherWise. 

[0076] In order to convert the UML model, the publishing 
tool 28 may use the text-based data format 6 exported from 
the UML model 5. The text-based data format 6 contains 
metadata of the UML model. The publishing tool 28 may 
read and analyZe the text-based data format 6 and generate 
block diagrams for the components of the UML models 
based on the information contained in the text-based data 
format 6. The server 25 then provides the block diagrams to 
the client 27. 

[0077] The client 27 may include the graphical program 
ming or modeling environment 8 that enables a user to build 
and simulate/execute a block diagram model. The client 27 
may receive from the server 25 the block diagrams of the 
components of the UML models and realiZe the methods of 
the components in the graphical programming or modeling 
environment 9. The realiZation of the methods of the com 
ponents enables the UML model 5 to be simulated or 
executed so that the user can determine the behavior of the 
model 5. Those of ordinary skill in the art Will appreciate 
that the netWork structure is illustrative and the present 
invention can be practiced With different structure. For 
example, the publishing tool 28 can reside and run on the 
client 27. 


















