
US 20070288885A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0288885 A1 

Brunel et al. (43) Pub. Date: Dec. 13, 2007 

(54) ACTION LANGUAGES FOR UNIFIED Publication Classification 
MODELING LANGUAGE MODEL 

(51) Int. Cl. 
(75) Inventors: Jean-Yves Brunel, Paris (FR): G06F 9/44 (2006.01) 

Nathan E. Brewton, Wayland, MA (52) U.S. Cl. ....................................................... 717/104 
(US); Ebrahim Mehran 
Mestchian, Newton, MA (US); (57) ABSTRACT 
Pieter J. Mosterman, Framingham, MA (US) Methods, mediums and systems are provided to enable a 

user to program the behaviors of a Unified Modeling Lan 
Correspondence Address: guage (UML) model in a graphical programming or mod 
LAHIVE & COCKFIELD, LLP eling environment, Such as block diagram programming 
ONE POST OFFICE so ARE environment. The UML model is exported into a text-based 
BOSTON, MA 02109-2127 format, which is Subsequently imported into the graphical 

9 programming or modeling environment. The graphical pro 
(73) Assignee: The MathWorks, Inc., Natick, gramming or modeling environment represents the UML 

MA (US) model using functional blocks so that the user can program 
the behaviors of the UML model. The graphical program 

(21) Appl. No.: 11/436,475 ming or modeling environment also enables the user to 
simulate or execute the UML model to determine the behav 

(22) Filed: May 17, 2006 iors of the UML model 

UML Modeling 
Environment 

4. 

UML Model 

Text-based Format 
6 

Block Diagram 
Model 

Graphical Programming 
Environment 

8 

  



Patent Application Publication Dec. 13, 2007 Sheet 1 of 12 US 2007/028888S A1 

UML Modeling 
Environment 

4. 

UML Model 

Block Diagram 
Model 

Graphical Programming 
Environment 

  



Patent Application Publication Dec. 13, 2007 Sheet 2 of 12 US 2007/0288885 A1 

Execution Unit 

11 -- 10 

15 16 

NetWOrk 

17 
/- 
Display 

23 

14 I-12 13 

Input Control Storage 
20 

21 
Keyboard, Mouse, Application 

18 19 22 

Fig. 2 

  



Patent Application Publication Dec. 13, 2007 Sheet 3 of 12 

Server, 25 
Component 
Publisher, 28 

Graphical 
Programming 
Environment, 8 

Client, 27 

UML Modeling 
Environment 

4. 

Client, 26 

Fig. 3 

US 2007/028888S A1 

  

  

  

  



Patent Application Publication Dec. 13, 2007 Sheet 4 of 12 US 2007/028888S A1 

Graphical Programming UML Modeling 
Environment, 8 Environment, 4 

Specify and Connect 
Software Components 

31 

Binding block elements - - - - - - - - - - - 
to specification 

Integration of 
Components 

32 
Generate COde and 
deployment artifacts 

- - - - - - - - - - - - I 

Interaction 
Among Objects 

Od 
2 
d 
O 

92 

Structured 
Architecture 

Internal 
Behavior of 
an Object 

  

  

    

  

  



9 (31-I 

US 2007/028888S A1 Dec. 13, 2007 Sheet 5 of 12 Patent Application Publication 

  



US 2007/028888S A1 Dec. 13, 2007 Sheet 6 of 12 Patent Application Publication 

  



US 2007/028888S A1 Dec. 13, 2007 Sheet 7 of 12 

[×]?. 

Patent Application Publication 

  



US 2007/028888S A1 Dec. 13, 2007 Sheet 8 of 12 Patent Application Publication 

  



0 I 31-I 

US 2007/028888S A1 Dec. 13, 2007 Sheet 9 of 12 Patent Application Publication 

  



US 2007/028888S A1 Dec. 13, 2007 Sheet 10 of 12 Patent Application Publication 

?doos : la M3IA 

  



Patent Application Publication Dec. 13, 2007 Sheet 11 of 12 US 2007/0288885 A1 

test ErrHandler/FSM:ErrHandler test/Server/FSM:Server 

- at 169 is 

- at 243 is 
- at 255 S 

  

  



US 2007/028888S A1 Dec. 13, 2007 Sheet 12 of 12 Patent Application Publication 

  



US 2007/02888.85 A1 

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 Office patent 
file 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 Unified Modeling Language (UML) or its dialects 
or extensions. 

BACKGROUND OF THE INVENTION 

0003. The Unified Modeling Language (UML) is a mod 
eling and specification 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 defined in a Software modeling language. 
0005 UML models are typically designed to capture the 
structure of a software system. UML does not define 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 difficult 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 
defined 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 finer 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 reflected 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 
difficult 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 qualifica 
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 specific 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 first 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 
reflected in the other. Graphical models that capture the 
model behavior may be state transition diagrams, data flow 
diagrams, entity flow 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 
predefined 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-defined 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 specified 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 fitting 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 coefficients of this transfer 
function may be specified 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 
ficients that are 0 are not explicitly represented unless 
expressly necessary (for example for tuning purposes or 
because of the specific 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 fixed-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 conflicts 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 file 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 modifications 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 
unified 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 refine and document the interfaces. 
0040. In accordance with another aspect of the invention, 
debugging and profiling 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. Profiling 
involves reporting on the computational cycles spent on 
evaluating model elements. The reports generated by pro 
filing 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 configuration, the time spent evalu 
ating model entities can be profiled. 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 profiling 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 (XMI) 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, profiling, and prototyping purposes, which may 
include functionality for data logging and the like, to highly 
optimized, optionally fixed-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. 
0.045. 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 specific 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 parts 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 files) as well as all additional deployment data 
(for example, a makefile, documentation and report files, 
and component-description files for a specific component 
platform such as CORBA, its real-time extension CORBA 
RT. AADL, Autosar, and Software Communication Archi 
tecture (SCA) as defined 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 profile 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 unified modeling language (UML) 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 specified by the S-Function 
API used by Simulink(R). 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), 
field programmable gate array (FPGA), and an application 
specific integrated circuit (ASIC), etc. 
0055. In another aspect of the present invention, a system 
provides a graphical action language for a Unified 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 classifiers, 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 classifiers 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 Unified Modeling Language (UML) 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 define the behaviors of 
the UML model so that the UML model can be executed. 
The UML model can be modified 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 flow 
diagram environment. Although the illustrative embodiment 
will be described relative to a time-based block diagram 
environment and/or a state and flow 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-specific 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 flow diagram and 
time-based block diagram may be provided in Stateflow(R) 
and Simulink(R), respectively, both from The MathWorks, 
Inc. of Natick, Mass. The illustrative embodiment will be 
described relative to Stateflow(R) and/or Simulink(R). 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(R) 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 flow 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(R) provides tools for time-based modeling 
and simulation of a variety of dynamic systems in one 
integrated, graphical environment. Simulink(R) enables users 
to design a block diagram for a dynamic system, simulate 
the systems behavior, analyze the performance of the 
system, and refine the design of the system. Simulink(R) 
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(R) 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(R) 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 SimulinkR), 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 
MATLABR). Using this textual interface, users may write 
special Scripts that perform automatic editing operations on 
the block diagram. Simulink(R) also allows users to simulate 
the models to determine the behavior of the systems. Sim 
ulink(R) 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 Stateflow(R) provides a graphical environment for 
modeling and designing state transition systems. Stateflow(R) 
describes complex system behavior using finite state 
machine theory, flow diagram notations, and state-transition 
diagrams. Stateflow(R) models state diagrams that graphi 
cally represent hierarchical and parallel states and the event 
driven transitions between the states of the systems. State 
flow(R) is integrated with SimulinkR), which enables each of 
the state diagrams to be represented as its own block. Based 
on the state diagrams created in Stateflow(R), Simulink(R) 
executes the systems to analyze the behavior of the systems. 
This provides Stateflow(R) with a modularization mecha 
nism. In a Simulink(R) model, one Stateflow(R) chart can be 
separated from another by means of a well-defined 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 Stateflow(R) charts can implemented by 
the designer. 
0064 Different forms of code can be generated from a 
Stateflow(R) chart. This includes C, C++, and HDL. If the 
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execution of a Stateflow(R) 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 
flow(R0 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(R) model. Additionally, a Stateflow(R) chart may 
invoke a function-call in a Simulink(R) model. 
0.066 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 (XMI) 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 flow 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 flow 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 flow diagrams, physical 
system diagrams, and entity flow 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 configuring a field programmable gate array 
(FPGA) or creating an application specific 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 e.g. 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 e.g. 
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, X.25), 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 file. 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 
configured towards a specific 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. 
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0078. In another embodiment, the client 26 or 27 may 
download the publishing tool 28 from the server 25 and 
perform the conversion process on the client 26 or 27. 
0079. In one embodiment the present invention can be 
deployed on networked nodes, such as UNIX or Windows/ 
XP terminals. It contains a workflow server that is notably 
responsible for managing a process between activities on 
several client applications and for maintaining the consis 
tency of the UML model that is shared between these client 
applications. 
0080. The graphical programming or modeling environ 
ment client may request importing a UML model and 
observes the modifications of the model that result of user 
actions. On specific execution point of the process, it for 
wards these modifications to the server. The server is respon 
sible for creating an updated version of the shared UML 
model with modified or new UML model elements. The 
server Subsequently informs the other client applications that 
are part of the collaborative process of these modifications. 
0081 FIG. 4 shows an exemplary operation of the illus 

trative embodiment. A Software architect may design a 
Software framework by using the graphical notation of the 
UML standard in the UML modeling environment 4 (step 
31). The software architect can create and edit a UML model 
following the UML standard. The software architect can 
specify and connect software components of the UML 
model using UML tools that provide the UML modeling 
environment 4. In order to realize the UML model or the 
components of the UML model so that the UML model can 
be executed (step 32), the UML model or a representation of 
it is sent to the graphical programming or modeling envi 
ronment 8. A realization of a part of the UML model that has 
been provided by code such as C, C++, Java, Python, and 
FORTRAN can be represented in the graphical program 
ming or modeling environment 8 by embedding it into 
S-function interface code. This wrapper code is then called 
from the graphical model environment 8 during execution or 
for alternate analysis purposes such as data type propaga 
tion, trimming, linearization, and decision coverage. 
0082 The graphical programming or modeling environ 
ment 8 enables a system designer, programmer or engineer 
to design, simulate, implement or test the dynamic features 
of a system. The graphical programming or modeling envi 
ronment 8 receives the UML model and binds its elements 
to the specification of the UML model or the components of 
the UML model to represent the UML model or the com 
ponents of the UML model in the graphical programming or 
modeling environment 8 (step 33). The representation of the 
UML model or the components of the UML model enables 
the user to realize the methods of the UML model or the 
components of the UML model in the graphical program 
ming or modeling environment 8. The graphical program 
ming or modeling environment 8 can then simulate or 
execute the model to determine the dynamic, numerical and 
real-time behavior of the model. The graphical program 
ming or modeling environment 8 can also generate code for 
the model so that the code can be deployed on embedded 
Software, rapid-prototyping and/or hardware targets (step 
34). Alternately, mechanical, electrical, or other physics 
based implementations may be designed to the model speci 
fication. 
0083 Configuration mechanisms allow the generated 
code to be tailored to the needs and wishes of the user. For 
example, a data store memory block can be used to specify 
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the memory location of a variable. Alternate mechanisms to 
specify the memory location of a variable exist and include 
the location as part of its data type or being read from an 
external file. Further configuration mechanisms include 
directives for the code generation Such as whether a function 
in Software should have its arguments passed in or whether 
it should be global and whether the function data should be 
kept local to the function or whether it can be stored at the 
model level. Similarly, it can be specified whether a function 
should be reusable, the order of the arguments on the 
argument list, whether structured data types should be 
employed for each of the arguments or whether it should be 
a flat list, which include files to use to obtain externally 
defined data types, and the like. 
I0084 FIG. 5 illustrates the extended aspects of a UML 
modeling environment with the illustrative embodiment of 
the present invention. The UML and UML profile standards 
provide various diagrams including structure diagrams and 
behavior diagrams. The structure diagrams show the struc 
tural architecture of a UML model. The structure diagrams 
may include a class diagram, a component diagram, an 
object diagram, a composite diagram, a deployment diagram 
or a package diagram. The behavior diagrams show the 
internal behavior of objects in the UML model. The behavior 
diagrams may include an activity diagram, an interaction 
diagram, a use case diagram or a state machine diagram. The 
interaction diagram displays interactions among objects in 
the UML model. The interaction diagram may include a 
sequence diagram, a communication diagram, an interaction 
overview diagram, or a timing diagram. These various 
diagrams enable a user to view many different aspects of the 
same UML model. 

I0085. The state machine diagram allows the user to 
designate the state of a class or a component in a UML 
model. The illustrative embodiment of the present invention 
extends the specification of the behavior of a UML model 
beyond the state designation of the UML model. The illus 
trative embodiment extends the specification of the behavior 
of a UML model to Simulink(R) and/or Stateflow(R) diagrams, 
which Support state-based numerical and computational 
real-time behavior of a dynamic system. The Simulink(R) 
and/or Stateflow(R) environments may integrate mathemati 
cal computing and visualization. The illustrative embodi 
ment may support the resolution of numerical algorithms 
with matrices, complex numbers, linear algebra, etc. 
0086 The graphical programming or modeling environ 
ment of the illustrative embodiment may support dynami 
cally typed programming. In a dynamically typed program 
ming environment, types are assigned to each data value in 
memory at runtime, rather than assigning a type to a static, 
Syntactic entity in the program source code. The dynami 
cally typed programming environment catches errors related 
to the misuse of values at the time the erroneous statement 
or expression is executed. In contrast, types are assigned to 
sets of values based on the program's source code in a 
statically typed programming environment. Static type dis 
ciplines operate on program source code rather than on the 
program execution. Therefore, in the statically typed pro 
gramming environment, certain kinds of errors are detected 
without executing the program. 
I0087 FIG. 6 is an exemplary component diagram of a 
UML model. A UML component diagram depicts how a 
Software system is split up into physical or computational 
components, such as files, headers, link libraries, modules, 
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executables and packages, and shows the dependencies 
among these components. In the illustrative embodiment, 
the diagram 60 depicts a system for adding and Subtracting 
input integers, and handling the error occurring in the 
addition and Subtraction operations. The component dia 
gram includes a Client 61, a Server 65 and an errHandler 
(ErrHandler) 69 as its components. The component diagram 
60 also includes an interface (addSub|F) 63 between the 
Client 61 and the Server 65, and another interface (errHan 
dlerIF) 67 between the server 65 and an error handler 
(Errhandler) 69. With the user interfaces provided in the 
UML modeling environment, a user can specify that the 
Client 61 requests the addition or subtraction of input 
parameters and the Server returns the results of the addition 
or subtraction. In the illustrative embodiment, the interface 
(addSubIF) 63 is specified with adding and subtracting 
operations of input parameters. The interface (errHandlerIF) 
67 may be specified with error handling operations. The 
UML model, however, does not include methods for real 
izing the adding and Subtracting operations and error han 
dling operations. The illustrative embodiment provides a 
graphical programming or modeling environment for 
graphically programming the methods of the adding and 
Subtracting operations and error handling operations. Those 
of skill in the art will appreciate that the UML model 60 is 
illustrative and not limiting the scope of the present inven 
tion. 
I0088. The UML model may then be exported into a 
text-based data format, such as an XML Metadata Inter 
change (XMI) format. FIG. 7 is an exemplary XMI file 70 
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into which the UML model is exported. The XMI format is 
a standard for exchanging metadata information via the 
Extensible Markup Language (XML). The XMI format is 
the official Object Management Group (OMG) specification 
for exchanging model information between modeling tools 
and repositories. Since the XMI format is an XML standard, 
it is human-readable and can be viewed in a normal text 
browser. The XMI format can be read by the publishing tool 
28 and saved as an XML document. 
I0089. The XMI file 70 may include a top level object 
defining the XMI file. The top level object may also include 
information on an XMI version and a creation date. The 
XML file may include sub-level objects, such as <XMI. 
headers 71 and <XMI.content> 72. The CXMI.headers 
object 71 may contain information on the exporter of the 
model. Such as an exporter name and an exporter version. 
The <XMI.content> object 72 contains the metadata infor 
mation of the model. The <XMI.content> object 72 may 
contain an object 73 for containing information on the 
components and interfaces of the components in the model. 
The <XMI.content> object 72 may also include objects 74 
and 75 for containing information on various diagrams of 
the UML model. Such as a class diagram and a sequence 
diagram. The XMI file 70 may include information on other 
UML diagrams, such as a UML deployment diagram. The 
object 73 may include sub-objects 76-80 for containing data 
for the components and the interfaces between the compo 
nents of the model. The portion 78 of the XMI file 70 that 
describes the interface (addSublF) 63 in more detail is 
provided as follow. 

<UML:Interface Xmi.i.d = Ifd28773m10964b9459cmm7f16 name = 
addSubIF visibility = public 

isspecification = "false isRoot = 'false isLeaf = "false is Abstract = 'false’s 
<UML:ModelElement.taggedValues 

isspecification = "false’s 
<UML:TaggedValue.dataValues &lt;p&gt;Defines an interface with two 

operations for adding and Substracting 
integers&lt;/p&gt;</UML:Tagged Value.dataValues 

<UML:TaggedValue.types 
<UML:Tag|Definition xmi.idref = Ifd28773m 10964b9459cmm7 fa2/> 

</UML:TaggedValue.types 
</UML:TaggedValues 

</UML:Model Element.taggedValues 
<UML:Classifier.feature> 

<UML:Operation xmi.id = “Ifd28773m10964b9459cmm7f28 name = add 
visibility = public 

isspecification = "false ownerScope = instance isOuery = 'false 
concurrency = sequential 

isspecification = "false 

isspecification = "false 

isRoot =false isLeaf = "false is Abstract = "false’s 
<UML: BehavioralFeature.parameters 

kind = in 
<UML2:TypedElement.types 
<UML:DataType xmi.idref = Ifd28773m10964-b9459cmm7fa.0/> 

</UML2:TypedElement.types 
</UML:Parameters 
<UML:Parameter xmi.i.d = Ifd28773m10964b9459cmm7f2c name = b, 

kind = in 
<UML2:TypedElement.types 
<UML:DataType xmi.idref = Ifd28773m10964-b9459cmm7fa.0/> 

<UML2:TypedElement.types 
</UML:Parameters 

<UML:Parameter Xmiid = “Ifd28773m10964b9459cmm7f2a name = 
return is Specification = "false 



US 2007/02888.85 A1 

-continued 

kind = returns 
<UML2:TypedElement.types 
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</UML2:TypedElement.types 
</UML:Parameters 

</UML:BehavioralFeature.parameters 
</UML:Operations 
</UML:Method xmi.id = “Ifd28773m10964b9459cmm7 f24 isspecification 

= false 
isQuery = 'false’s 
<UML:Method.body> 

<UML:ProcedureExpression xmi.id = “Ifd28773m10964b9459cmm7 f26 
language = java 

body = /> 
</UML:Method.body> 
<UML:Methodspecification> 
<UML:Operation xmi.idref = Ifd28773m 1964b9459cmm7f28/> 

</UML:Method.specification> 
&UML:Methods 
<UML:Operation xmi.id = “Ifd28773m10964b9459cmm7flic” name = sub 

visibility = public 
isspecification = "false ownerScope = instance isOuery = 'false 

concurrency = sequential 
isRoot = 'false isLeaf = "false is Abstract = 'false’s 
<UML:BehavioralFeature.parameters 
<UML:Parameter xmi.id = 

isSpecification = "false 
kin ins 
<UML2:TypedElement.types 
<UML:Data Type Xmi.i 

</UML2:TypedElement.types 
</UML:Parameters 
<UML:Parameter xmi.id = 

isSpecification = "false 
kind = in 
<UML2:TypedElement.types 
<UML:Data Type Xmi.i 

</UML2:TypedElement.types 
</UML:Parameters 
<UML:Parameter xmi.id = 

return isspecification = "false 
kin returns 
<UML2:TypedElement.types 
<UML:Data Type Xmi.i 

</UML2:TypedElement.types 
</UML:Parameters 

</UML:BehavioralFeature.parameters 
</UML:Operations 
UML:Me 

= false 
isQuery = 'false’s 
<UML:Method.body> 

f28773m10964b9459cmm7f22 name = a 

f28773m10964b9459cmm7f20 name = b, 

f28773m10964b9459cmm7fle name = 

hod xmi.id = “Ifd28773m10964b9459cmm7 fl8 isspecification 

<UML:ProcedureExpression xmi.id = “Ifd28773m10964b9459cmm7 fla 
language = java 

body = /> 
</UML:Method.body> 
<UML:Methodspecification> 
<UML:Operation xmi.idref = Ifd28773m10964b9459cmm7 flic/> 

</UML:Method.specification> 
&UML:Methods 

</UML:Classifier.feature> 
</UML:Interfaces 

0090. The publishing tool 28 may read the XMI file 70 
and generate hierarchical functional block diagrams using 
the information contained in the XMI file 70. FIG. 8 shows 
exemplary hierarchical functional blocks generated by the 
publishing tool 28. The components of the UML model are 
converted into the hierarchical functional blocks of the 
graphical programming or modeling environment 8. The 
Client block 81 may include sub-blocks and an interface for 
addSubIF 83. The Server block 85 may also include sub 

blocks and interfaces for addSubF 83 and errandleIF 87. 
The Errhandler block 89 may include sub-blocks and an 
interface for errandleIF 87. 

0091 FIG. 8 shows model elements that provide active 
connections with the UML model representation. These 
elements are annotated by a Double click for information 
comment. When opened, for example by a double click, a 
dialog or model may appear (for example of the interface or 
attributes) that is a representation of the UML model and is 
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synchronized. Therefore, any changes made to either the 
UML model or the behavioral model are live reflected in the 
other model. 

0092 FIG. 9 shows exemplary sub-blocks of the Server 
block 85. In the preferred embodiment of the invention, this 
level of the generated model is hidden from the user. It 
serves to show the interface adapters around the core-body 
Subsystem that contains the actual implementation of the 
methods of the operations that are declared by the interface 
0093. In FIG. 9 the Server block 85 may include the 
sub-blocks 91-95 to implement the addition and subtraction 
operations and error handling operations specified in the 
UML model. The sub-blocks may be determined by analyz 
ing the specification of the UML model and binding Sim 
ulink(R) and Stateflow(R) elements to the specification. For 
example, the InputEvent Adaptor block 92 may receive input 
signals from the addSublF inport 97 and generate triggering 
event signals for initiating the adding or Subtracting opera 
tions by the body block 91. The addSub in Call block 93 
may also receive input signals from the addSubF inport 97 
and generate the input parameters for the adding or Sub 
tracting operation. The addSub|F Generated block 95 may 
return the results of the adding or Subtracting operations 
based on the triggering event signals from the body block 
91. The errHandleIF outRequest block 96 may receive an 
error handling request from the body block 91 and output the 
request to the errHandlerIF outport 98 based on the trigger 
ing event signals from the body block 91. The errHandleIF 
in Reply block 94 may receive the result of the error 
handling operations and feed it to the body block 91. Those 
of the ordinary skill in the art will appreciate the construc 
tion of the sub-blocks may be different depending on the 
construction algorithm in the publishing tool 28. 
0094 FIG. 10 depicts another level of sub-blocks for the 
body block 91 depicted in FIG.9. In the embodiment of the 
invention, this is the level at which the user graphically 
models the methods that comprise component behavior. The 
action language to model behavior may include time-based 
block diagrams, statecharts, entity flow diagrams, a control 
flow language, a dataflow language, a dynamically typed 
text-based language, and an imperative programming lan 
guage. The skilled practitioner in the art recognizes that like 
formalisms that can be employed in addition or instead of 
these languages as well as that any number of permutations 
of these languages can be employed as combinations. The 
skilled practitioner further recognizes that restrictions on the 
languages used may be enforced. 
0095. In FIG. 10, the body block may include a FSM 
(Finite State Machine) block 101, an add block 102, a sub 
block 103, or an error handling request (error req) block 
104. The FSM block 101 may receive an input signal from 
the InputEvent Adaptor block 92 and generate triggering 
signals for initiating the adding and Subtracting operations 
and for returning the results of the adding and Subtracting 
operations. The FSM block 101 may also generate a trig 
gering signal for requesting an error handling. The add block 
102 and subtract block 103 may realize the adding and 
subtracting operations, respectively. Within the add block 
102 and subtract block 103, the user may add and connect 
blocks to realize the adding and Subtracting operations, 
respectively. For example, the user may realize the add block 
102 to return the result of the adding operation of input 
parameters. The subtract block 102 may be realized to return 
the result of the Subtracting operation of the input param 
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eters. The error req 104 may realize the error handling 
request operation. Within the error req block 104, the user 
may add and connect blocks to realize the error handling 
request operation. The error req block 104 may be realized 
to return an error number indicating the status of the error. 
In the illustrative embodiment, the realization of the adding 
and Subtracting operations and the error handling request 
operation are performed in the graphical programming or 
modeling environment by customizing the add block 102. 
sub block 103, and error req block 104 using graphical 
elements or blocks provided in the graphical programming 
or modeling environment 8. 
0096. After realizing the adding and subtracting opera 
tions and error handling operations in the graphical pro 
gramming or modeling environment, the user may connect 
the published components to execute the model, as depicted 
in FIG. 11. FIG. 11 shows an exemplary block diagram that 
contains three instances of components, also referred to as 
runtime objects, that are linked through their compliant 
requester/provider interfaces. During execution, the 
requester object may call an operation of the provider 
object that it is linked to. To this end, the operations are 
defined in the interface. This component object diagram 
can be simulated once the operations that are called have 
been realized in the graphical programming or modeling 
environment. 

(0097. In FIG. 11, the addSubIF port 83 of the Client block 
81 is coupled to the addSubIF port 83 of the Server block 85 
and the errhandlerIF 87 port of the Server block 85 is 
coupled to the errhandlerIF port 87 of the ErrHandler block 
89. Each of the connections is implemented as a bus, which 
is a set of connections. Each of the connections in this set 
may be a bus as well, which Supports hierarchical structuring 
of sets of connections. The variables that are associated with 
a connection (also called signals in Simulink) may be 
arranged such that they are contiguous in memory when a 
computable representation is derived. If the data type of each 
of the connection variables is the same, the set of connec 
tions can be represented as an array, which allows for direct 
indexing. In general, a set of connections can be represented 
as a structure in the generated code and named access to 
each of the connection variables can be employed. The dot 
notation can be used to access hierarchically ordered con 
nections. For example, if a set that consist of elements X and 
Y is called a bus B and X is a bus itself that represents the 
set of connections M and N, then the connection variable of 
M can be accessed by the B.X.M notation. The skilled 
practitioner in the art will recognize that other syntax and 
general set notation as well as operation semantics (Such as 
set comprehensions) can apply. 
0098. In one aspect of the embodiment, the interface 
specification is represented by a bus. This set of connections 
then may include the set of arguments of a function call, 
which may be structured data types themselves and be 
passed by reference or value. The function-call initiator may 
be represented by a bus as well and the return value of the 
function call can be represented by a bus. Different permu 
tations of combinations are possible and so the function-call 
initiator may be included in the same bus as the function 
arguments and the return value. This results in a bi-direc 
tional bus because the elements in the set of connections 
have mixed computational causality, one connection may be 
the input to a block while another connection in the set of 
connections is output of said block. 
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0099 FIG. 11 further shows non-intrusive signal logging, 
indicated by the pair of glasses icon over the bus on the 
connection between Client block 81 and the Server block 85. 
This allows monitoring of the internals of the connection as 
the model is executed. 

0100. Once a block diagram model 9 has been con 
structed within the graphical programming or modeling 
environment 8, the model may be executed in the graphical 
programming or modeling environment 8. Simulink(R), 
which provides an exemplary graphical programming or 
modeling environment 8, includes an execution engine for 
carrying 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 
or linearizing a block diagram model. Model execution is 
carried out over a user-specified time span for a set of 
user-specified inputs. The execution begins when the block 
diagram is compiled. The compile stage marks the start of 
model execution and involves preparing data structures and 
evaluating parameters, configuring and propagating block 
characteristics, determining block connectivity, and per 
forming block reduction and block insertion. The prepara 
tion of data structures and the evaluation of parameters 
create and initialize basic data-structures needed in the 
compile stage. For each of the blocks, a method forces the 
block to evaluate all of its parameters. This method is called 
for all blocks in the block diagram. If there are any unre 
Solved parameters, execution errors are thrown at this point. 
During the configuration and propagation of block and 
port/signal characteristics, the compiled attributes (such as 
dimensions, data types, complexity, or sample time) of each 
block (and/or ports) are setup on the basis of the correspond 
ing functional attributes and the attributes of blocks (and/or 
ports) that are connected to the given block through lines. 
The attribute setup is performed through a process during 
which block functional attributes “ripple through the block 
diagram from one block to the next following signal con 
nectivity. This process (referred to herein as “propagation'), 
serves two purposes. In the case of a block that has explicitly 
specified its block (or its ports) functional attributes, propa 
gation helps ensure that the attributes of this block are 
compatible with the attributes of the blocks connected to it. 
If not, an error is issued. Secondly, in many cases blocks are 
implemented to be compatible with a wide range of 
attributes. Such blocks adapt their behavior in accordance 
with the attributes of the blocks connected to them. This is 
akin to the concept of polymorphism in object-oriented 
programming languages. The exact implementation of the 
block is chosen on the basis of the specific block diagram in 
which this block finds itself. Included within this step are 
other aspects such as validating that all rate-transitions 
within the model yield deterministic results and that the 
appropriate rate transition blocks are being used. 
0101 The compilation step also determines actual block 
connectivity. In this step, the virtual blocks in the block 
diagram, which play no semantic role in the execution of a 
block diagram, are optimized away (removed) and the 
remaining non-virtual blocks are reconnected to each other 
appropriately. This compiled version of the block diagram 
with actual block connections is used from this point for 
ward in the execution process. The way in which blocks are 
interconnected in the block diagram does not necessarily 
define the order in which the equations (methods) corre 
sponding to the individual blocks will be solved (executed). 
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The actual order is partially determined during the sorting 
step in compilation. Once the compilation step has com 
pleted, the sorted order cannot be changed for the entire 
duration of the block diagram’s execution. 
0102 Following the compilation stage is the model link 
stage. After linking has been performed, code may or may 
not be generated. If code is generated, the model is simu 
lated/executed through accelerated simulation mode in 
which the block diagram model (or portions of it) is trans 
lated into either software modules or hardware descriptions 
(broadly termed code). If this stage is performed, then the 
stages that follow use the generated code during the execu 
tion of the block diagram. If code is not generated, the block 
diagram may execute in interpretive mode in which the 
compiled and linked version of the block diagram may be 
directly utilized to execute the model over the desired 
time-span. This interpretive mode of execution is suitable 
for getting fine-grained signal traceability. Block diagram 
programming Software can be integrated with other software 
environments that are Suitable for modeling and simulating 
special classes of systems. Models can be tested directly in 
hardware. Those skilled in the art will recognize that when 
users generate code, they may choose to not proceed further 
with the block diagram's execution. They may choose to 
take the code and deploy it outside of the confines of the 
modeling software environment. This is normally the last 
step in the design of dynamic systems in a block diagram 
Software package. 
0103 Dynamic systems are typically modeled as sets of 
differential, difference, algebraic, and/or recursive equa 
tions. At any given instant of time, these equations may be 
viewed as relationships between the system's output 
response (“outputs”), the systems input stimuli ("inputs”) at 
that time, the current state of the system, the system param 
eters, and time. The state of the system may be thought of 
as a numerical representation of the dynamically changing 
configuration of the system. For instance, in a physical 
system modeling a simple pendulum, the state may be 
viewed as the current position and velocity of the pendulum. 
Similarly, a signal-processing system that filters a signal 
would maintain a set of previous inputs as the state. The 
system parameters are the numerical representation of the 
static (unchanging) configuration of the system and may be 
viewed as constant coefficients in the system's equations. 
For the pendulum example, a parameter is the length of 
pendulum and for the filter example; a parameter is the 
values of the filter taps. 
0104 Types of mathematical models used in the study of 
dynamic systems include differential equations, difference 
equations, algebraic equations, and hybrid models. Inherent 
in four of the classes of systems (ODE, difference equations, 
algebraic equations and composite) is the notion of system 
sample time. The sample-time is the time interval at which 
the inputs, state, or outputs (collectively referred to as the 
results) of the system are traced as time progresses. Based on 
sample times, a system can be described as a discrete-time 
system, continuous-time system and hybrid system. 
0105. A discrete-time system is a system in which the 
evolution of the system results is tracked at finite intervals 
of time. In the limit as the interval approaches Zero, the 
discrete-time system becomes a continuous-time system. 
The intervals of time may be periodic or non-periodic. 
Sometimes, non-periodic rate systems are referred to as 
non-uniform rate systems meaning that there is no periodic 
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rate at which the response can be tracked. A continuous-time 
system is a system in which the evolutions of the system 
results are continuously changing. Continuous-time signals 
change during numerical integration. An example of a 
continuous-time system is one described by an ODE. There 
can also be algebraic or composite continuous-time systems. 
A hybrid system is a system with both discrete-time and 
continuous-time elements. 

0106 If a system has only one sample time, it is said to 
be single-rate. If a system has multiple sample times, it is 
said to be multi-rate. Multi-rate systems can be evaluated 
(executed) using either a single-tasking form of execution or 
a multi-tasking form of execution. When multi-tasking 
execution is used, it conforms to rate monotonic scheduling 
principals as defined by Liu, C. L., and Layland, J. W. 
Scheduling Algorithms for Multiprogramming in a Hard 
Real-Time Environment. ACM 20, 1 (January 1973), 46-61. 
Systems may also be categorized by the type of numerical 
integration solver being used. A fixed-step system is one that 
uses a fixed-step solver. Fixed-step solvers typically use 
explicit methods to compute the next continuous state at 
fixed periodic intervals of time. A variable-step system is 
one that is using a variable-step solver. A variable-step 
Solver can use either implicit or explicit methods to compute 
the next continuous state at non-periodic intervals of time. 
Generally, variable-step solvers use a form of error control 
to adjust the interval size such that the desired error toler 
ances are achieved. 

0107 FIG. 12 depicts exemplary signals generated in the 
simulation or execution of the model and monitored in the 
interface 83 between the Client block 81 and the Server 
block 85 in FIG. 11. The signals 112 indicate that the adding 
operations are performed by the triggering event signals 111. 
The signal 114 indicates that the Subtracting operations are 
performed by the triggering event signals 112. 
0108. The monitored signals can be scoped such that both 
the individual or grouped control-event and data signals that 
flow through the run-time links between the component 
objects are displayed. In addition, any internal signal, Vari 
able, and parameter, that is defined within a component 
object may be selectively displayed. 
0109 The illustrative embodiment may log calls and 
reply actions between the components of the model. The 
graphical programming or modeling environment 8 may 
construct a sequence diagram 130 based on the simulation 
and execution data of the model in the graphical program 
ming or modeling environment, as depicted in FIG. 13. The 
sequence diagram 130 shows the processes that execute in 
sequence. The sequence diagram 130 shows the realized 
functions, which are called by the components of the model, 
that implement the behavior of the model, arranged in time. 
The sequence diagram 130 shows the flow of control across 
many objects in the model. 
0110 FIG. 13 shows the life-lines of the component 
objects and all interaction messages that are exchanged 
during the execution of the model in FIG. 12. It employs the 
basic UML notation at the abstraction level of the initial 
UML model such that it fosters the understanding between 
the software and system designers. In addition, it adds 
notations and tagged values on the interaction model to 
capture the temporal behavior of the realized components in 
the context that is set by the configuration of the simulation/ 
execution. These annotations can be exploited to iteratively 
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refine the assumptions and related requirements for using the 
components in a particular context. 
0111. The generated sequence diagram 130 may be 
merged into the source UML model 5 that contains the 
definition of the components of the model so that the user of 
the UML model 5 can have a real-time sequential behavior 
of the UML model 5 or the components of the UML model 
5. The sequence diagram 130 may be exported into, for 
example, an XML format so that the UML environment 4 
can recognize the sequence diagram 130 generated in the 
graphical programming or modeling environment 8. 
0112 FIG. 14 shows a block diagram that corresponds to 
a UML model. A connection is made between the Client and 
ErrHandler entities. Because of incompatible interfaces, this 
connection is invalid and this status is relayed to the user by 
coloring the line representing the connection. Alternate 
depictions of the invalidity of the connection are clear to the 
skilled practitioner in the art. In addition, specifics of the 
incompatibility of the connection may be displayed. For 
example, if an argument that is present in the client interface 
is absent in the server interface, this can be displayed to the 
user as a tooltip or by means of another user interface 
modality. 
0113 FIG. 15 shows a user dialog that may be presented 
to the user in response to the interface incompatibility of 
FIG. 14. This dialog can be extended by means to remedy 
the incompatibility. For example, a checklist may be 
included to solicit input from the user as to whether absent 
attributes should be included in either the Client or Server 
interface. These changes may be live reflected in the UML 
model from which the block diagram representation was 
derived. 
0114 With the realization of the components of the UML 
model 5, the graphical programming or modeling environ 
ment 8 may simulate or execute a deployment diagram of the 
UML 5. A deployment diagram is one of UML diagrams that 
serves to model the hardware used in System implementa 
tions and the associations between those components. The 
elements used in deployment diagrams are nodes, compo 
nents and associations. Therefore, the simulation or execu 
tion of the deployment diagram assesses performance and 
schedulability requirement of run-time processing nodes 
against the time and numerical resolution of control and 
signal processing algorithms with safety and reliability 
constraints. 
0115 Since changes may be made without departing 
from the scope of the present invention, it is intended that all 
matter contained in the above description or shown in the 
accompanying drawings be interpreted as illustrative and not 
in a literal sense. Practitioners of the art will realize that the 
sequence of steps and architectures depicted in the figures 
may be altered without departing from the scope of the 
present invention and that the illustrations contained herein 
are singular examples of a multitude of possible depictions 
of the present invention. 

We claim: 
1. A computer-implemented method for providing an 

action language for a Unified Modeling Language (UML) 
model, the method comprising: 

importing a UML model into a block diagram environ 
ment; and 

processing the UML model in the block diagram envi 
ronment to add an action language for the UML model. 
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2. The method of claim 1 wherein the block diagram 
environment comprises at least one of a time-based block 
diagram environment, a state-based and flow diagram envi 
rOnment. 

3. The method of claim 1, further comprising: 
exporting the UML model into a text-based data format in 

a UML modeling environment; and 
importing the text-based data format into the block dia 
gram environment. 

4. The method of claim 3, wherein the text-based data 
format comprises an XMI (XML Metadata Interchange) 
format. 

5. The method of claim 1, wherein the block diagram 
environment enables a user to program state-based, numeri 
cal and real-time behaviors of the operations that are 
declared in the UML model. 

6. The method of claim 5, wherein the numerical behav 
iors of the UML model are determined using matrices, 
complex numbers or linear algebras and Supporting combi 
natory or sequential functions of single or multi-rate sys 
temS. 

7. The method of claim 1, further comprising the step of: 
simulating, in the block diagram environment, one or 
more UML components with the action language for 
the UML model. 

8. The method of claim 7, further comprising: 
logging at least one of interaction between instances of 
UML components, an internal signal, and an external 
Signal. 

9. The method of claim 8, further comprising the step of: 
constructing a UML interaction diagram from the logged 

actions, wherein the UML interaction diagram includes 
a timeline and a sequence of messages for one or more 
components or instances of the components. 

10. The method of claim 9, further comprising the step of: 
merging the UML interaction diagram into the UML 

model. 
11. The method of claim 1, further comprising the step of: 
generating code for the UML model with the action 

language for the UML model in the block diagram 
environment. 

12. A computer-implemented method for executing a 
Unified Modeling Language (UML) model, the method 
comprising: 

importing the UML model into a block diagram environ 
ment; 

processing the UML model to add an action language for 
the UML model; and 

executing a UML deployment diagram using the action 
language for the UML model in the block diagram 
environment. 

13. A medium for holding instructions capable of being 
executed in a computer to provide an action language for a 
Unified Modeling Language (UML) model, wherein the 
instructions are for the steps of: 

importing the UML model into a block diagram environ 
ment; 

processing the UML model to add an action language for 
the UML model in the block diagram environment. 

14. The medium of claim 13 wherein the block diagram 
environment comprises at least one of a time-based block 
diagram environment and a state-based and flow diagram 
environment. 
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15. The medium of claim 13, wherein the instructions are 
for the further steps of: 

exporting the UML model into a text-based data format in 
a UML modeling environment, and 

importing the text-based data format into the block dia 
gram environment. 

16. The medium of claim 15, wherein the text-based data 
format comprises an XMI (XML Metadata Interchange) 
format. 

17. The medium of claim 13, wherein the block diagram 
environment enables a user to program state-based, numeri 
cal and real-time behaviors of the UML model. 

18. The medium of claim 17, wherein the numerical 
behaviors of the UML model are determined using matrices, 
complex numbers or linear algebras. 

19. The medium of claim 13, wherein instructions are for 
the further step of: 

simulating a UML component diagram with the action 
language for the UML model in the block diagram 
environment. 

20. The medium of claim 19, wherein instructions are for 
the further step of: 

logging call and reply actions between the UML compo 
nentS. 

21. The medium of claim 20, wherein instructions are for 
the further step of: 

constructing a UML interaction diagram using the logged 
actions, wherein the UML interaction diagram includes 
timelines for each component and a sequence of mes 
Sages between the timelines. 

22. The medium of claim 21, wherein instructions are for 
the further step of: 

merging the UML interaction diagram into the UML 
model. 

23. The medium of claim 13, wherein instructions are for 
the further step of: 

generating code for the UML model with the action 
language for the UML model in the block diagram 
environment. 

24. A medium for holding instructions capable of being 
executed in a computer, the instructions are for the steps of 

importing the UML model into a block diagram environ 
ment; 

processing the UML model to add an action language for 
the UML model; and 

executing a UML deployment diagram using the action 
language for the UML model in the block diagram 
environment. 

25. A system for providing an action language for a 
Unified Modeling Language (UML) model, the system 
comprising: 

a UML model; and 
a block diagram environment for importing the UML 

model and processing the UML model to add an action 
language for the UML model. 

26. The system of claim 25 wherein the block diagram 
environment comprises at least one of a time-based block 
diagram environment and a state-based and flow diagram 
environment. 

27. The system of claim 25 wherein UML modeling 
environment exports the UML model into a text-based data 
format, and the block diagram environment imports the 
text-based data format. 
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28. The system of claim 27, wherein the text-based data 
format comprises an XMI (XML Metadata Interchange) 
format. 

29. The system of claim 25, wherein the block diagram 
environment enables a user to program state-based, numeri 
cal and real-time behaviors of the UML model. 

30. The system of claim 29, wherein the numerical 
behaviors of the UML model are determined using matrices, 
complex numbers or linear algebras. 

31. The system of claim 25, wherein the block diagram 
environment simulates a UML component diagram with the 
action language for the UML model. 

32. The system of claim 31, wherein the block diagram 
environment logs call and reply actions between the UML 
components. 

33. The system of claim 32, wherein the block diagram 
environment constructs a UML interaction diagram using 
the logged actions, wherein the UML interaction diagram 
includes timelines for each component and a sequence of 
messages between the timelines. 

34. The system of claim 33, wherein the UML interaction 
diagram is merged into the UML model. 

35. The system of claim 25, wherein the block diagram 
environment generates code for the UML model using the 
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action language for the UML model in the block diagram 
environment. 

36. A system for executing a Unified Modeling Language 
(UML) model, the system comprising: 

a UML model; and 
a block diagram environment for importing the UML 

model and processing the UML model to add an action 
language for the UML model, 

wherein the block diagram environment simulates a UML 
deployment diagram with the action language for the 
UML model in the block diagram environment. 

37. A medium for holding data structures and instructions 
executed in a computer, the data structures and instructions 
comprising: 

a component block of a Unified Modeling Language 
(UML) model; and 

hierarchical functional blocks provided in a block dia 
gram environment, 

wherein the hierarchical functional blocks add an action 
language for the component block of the UML model 
in the block diagram environment. 


