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Description

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pat-
ent Application Serial No. 11/323,533, filed December
30, 2005.

FIELD OF THE INVENTION

[0002] The present invention relates to graphical pro-
gramming or modeling environments, in particular to
methods, systems and mediums for providing non-
graphical model dependencies in the graphical program-
ming or modeling environments.

BACKGROUND OF THE INVENTION

[0003] Various classes of graphical models describe
computations that can be performed on computational
hardware, such as a computer, microcontroller; FPGA,
and custom hardware. Classes of such graphical models
may include time-based block diagrams such as those
found within Simulink® version 6.3 (R14sp3) from The
MathWorks, Inc. of Natick, MA, state-based and flow di-
agrams such as those found within Stateflow® from The
MathWorks, Inc. of Natick, MA, physical models such as
those found within SimMechanics from The MathWorks,
Inc. of Natick MA, entity flow network diagrams such as
those found within SimEvents from The MathWorks, Inc.
of Natick, MA, discrete-event based diagrams, data-flow
diagrams, and software diagrams such as those within
the Unified Modeling Language (UML). A common char-
acteristic among these various forms of graphical models
is that they define semantics on how to interpret or exe-
cute the model.
[0004] In modeling a system in a graphical modeling
environment, the system to be modeled is described us-
ing blocks and lines. Usually, the blocks define opera-
tions, represent mathematical equations, or contain state
information. The lines or signals can be used to carry
information, describe dependencies, or define relation-
ships between the blocks. The lines can also have oper-
ations or mathematics associated with them. There are
many graphical modeling domains, each with its own se-
mantics that dictate what the models mean and how the
models can be executed or translated to an execution
environment. Conventional graphical modeling environ-
ments often have a great deal of freedom in how models
are executed. For example, in time-based block dia-
grams, blocks are typically ordered (sorted) as part of
the preparation of a model for execution. The ordering
does make use of some of the signals, but in general
there are a large number of valid sorts that will all yield
the same (correct) answer. This freedom results in widely
varying executions of models that are functionally equal.
These variations can cause confusion in analysis of mod-
el execution or inspection of the execution environment.

[0005] Conventional modeling environments allow a
user to add dependencies between blocks via explicit
(extra) lines or textual information, such as the priorities
and placement groups provided in Simulink®. A block
priority specifies the order in which the equations asso-
ciated with a block are evaluated with respect to other
blocks. Placement groups are a way of causing each
class of block method for a specified set of blocks to be
"placed together" in the block method execution lists.
These means are, however, cumbersome to use and fall
short of achieving desired results in a short period of time.
In particular, the block sorting priorities fall short of ena-
bling the user to specify execution dependencies that
can be understood and managed at the model-wide level.
Moreover, this explicit specification of the extra depend-
encies hurts the readability of the diagram. Therefore, it
is desired to provide new methods and systems for con-
trolling the model execution without graphically (pictori-
ally) altering the visual representation of the model by
providing non-graphical model dependencies to estab-
lish the desired execution behavior of models.
[0006] Simulink® mentioned above is described inter
alia in "SIMULINK model-based and System-based De-
sign Version 5", Using SIMULINK, October 2004.
[0007] US 2001/0035879 A1 describes a system and
method for programatically creating nodes in a graphical
program with minimal graphical code. In the system, it is
possible to dynamically specify input/output terminals of
a node and the specified node is then displayed.

SUMMARY OF THE INVENTION

[0008] The present invention provides a computer-im-
plemented method for providing non-graphical depend-
ency information in a graphical modeling environment. A
corresponding system and medium for holding instruc-
tions are also provided.
[0009] The present invention provides graphical pro-
gramming or modeling environments, such as a block
diagram environment, in which dependencies that influ-
ence how a model executes are defined without altering
the visual representation of the model. In the graphical
modeling environment (or graphical programming envi-
ronment), a user can create a model describing a system
and execute (simulate) the model or generate code from
the model. Using the present invention, the user can then
augment the model with non-graphical dependencies
that provide general execution goals or specific depend-
encies between blocks. The present invention enables
the user to augment the graphical model with depend-
ency constraints specifying how the model should exe-
cute. The constraints are coupled to the model and can
be optionally displayed on the model in a debugging/anal-
ysis mode to provide further insight into how the model
executes
[0010] In one aspect of the present invention, a method
is provided for providing non-graphical dependency in-
formation in a graphical modeling environment. The
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method includes providing a graphical model in the
graphical modeling environment. The method also in-
cludes enabling a user to add non-graphical model de-
pendency information to the graphical model. The non-
graphical dependency information does not change a vis-
ual representation of the graphical model. Optionally, the
user can choose to view the non-graphical dependency
information on the model for debugging and analysis of
the model execution.
[0011] In another aspect of the present invention, a
system is provided for adding non-graphical dependency
information to a graphical model. The system includes a
graphical modeling environment for providing a graphical
model. The system also includes a user interface for en-
abling a user to add non-graphical model dependency
information to the graphical model. The non-graphical
dependency information does not change a visual rep-
resentation of the graphical model.
[0012] In another aspect of the present invention, a
medium for holding instructions executed in a computer
is provided to add non-graphical dependency information
in a graphical modeling environment. The instructions
are executed to provide a graphical model in the graphical
modeling environment. The instructions are also execut-
ed to enable a user to add non-graphical model depend-
ency information to the graphical model. The non-graph-
ical dependency information does not change a visual
representation of the graphical model.
[0013] In an illustrative embodiment of the present in-
vention, the user can augment the graphical model with
dependencies selecting sorting criterion that influences
model execution.
[0014] In another illustrative embodiment, a user can
augment the graphical model with dependencies by
specifying relative dependencies between blocks that in-
fluence model execution.
[0015] In another illustrative embodiment, the method,
system and medium ensures inspection and verification
of the execution environment by ensuring minimal alter-
ation of the execution orderings by preserving existing
block orderings when edits are made to the model.

Brief Description of the Drawings

[0016] 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:

Figure 1 shows an exemplary computing device suit-
able for practicing an illustrative embodiment of the
present invention;
Figure 2 shows an exemplary network environment
suitable for practicing an illustrative embodiment of
the present invention;
Figure 3 depicts an exemplary block diagram envi-
ronment provided in an illustrative embodiment of
the present invention;

Figure 4 is a flow chart of the sequence of steps
used to perform simulation of the block diagram;
Figure 5 depicts an exemplary block diagram model
created in an illustrative embodiment;
Figure 6 depicts a directed graph associated with
the block diagram model depicted in Figure 5;
Figure 7 depicts possible sorted list generated from
the directed graph of Figure 6;
Figure 8 is a flow chart showing an exemplary op-
eration for adding dependency information at model
edit or construction time;
Figures 9 and 10A depict the construction of the
block diagram model of Figure 5;
Figure 10B shows an exemplary model in which a
subsystem and the blocks inside of it are executed
twice for the execution of the model;
Figure 11 depicts the construction of the block dia-
gram model of Figure 5 with an exemplary dialog
for specifying model dependencies;
Figure 12 is another view of the dialog depicted in
Figure 11;
Figure 13 depicts an exemplary internal graph rep-
resenting the model dependencies;
Figure 14 depicts the construction of the block dia-
gram model of Figure 5;
Figure 15 depicts the construction of the block dia-
gram model of Figure 5 with another exemplary di-
alog for specifying model dependencies;
Figure 16 depicts an exemplary internal graph rep-
resenting the model dependencies;
Figure 17 depicts a flow chart showing an exem-
plary operation for adding dependency information
after model edit or construction time;
Figure 18 depicts an exemplary dialog for specifying
model dependencies;
Figure 19 is a flow chart showing an exemplary op-
eration for changing an existing sorted list;
Figure 20A depicts an exemplary dialog for chang-
ing the existing sorted list;
Figure 20B depicts an exemplary model hyper-
linked by the sorted list shown in Figure 20A;
Figure 21 is an example of a state-based and flow
diagram to which the concept of the present inven-
tion applies;
Figure 22 depicts an exemplary dialog for changing
the ordering of parallel states shown in Figure 21;
Figure 23 is an example of a data flow diagram to
which the concept of the present invention applies;
and
Figure 24 depicts an exemplary dialog for changing
the dependency information of the model shown in
Figure 23.

DETAILED DESCRIPTION

[0017] Certain embodiments of the present invention
are described below. It is, however, expressly noted that
the present invention is not limited to these embodiments,
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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 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 departing from the scope of the invention.
[0018] An illustrative embodiment of the present inven-
tion provides a graphical programming or modeling en-
vironment in which a graphical program or model is sim-
ulated/executed or in which code is generated for the
model. The terms "program/programming" and "mod-
el/modeling" will be used interchangeably in the descrip-
tion of an illustrative embodiment. In the description of
an illustrative embodiment, the simulation of the graphi-
cal program/model is also referred to as the execution of
the program/model.
[0019] An illustrative embodiment will be described be-
low solely for illustrative purposes relative to a time-base
block diagram environment. Although an illustrative em-
bodiment will be described relative to the time-based
block diagram environment, one of skill in the art will ap-
preciate that the present invention may apply to other
graphical programming/modeling environments, includ-
ing state-based, event-based, data flow diagram, phys-
ical diagram environments, entity flow networks, and soft-
ware diagram environments such as the Unified Mode-
ling Language (UML) environment, as long as the graph-
ical model has some notion of semantics that allows it to
be interpreted or transformed into an executable for a
computer processor/microcontroller or directly synthe-
sized in application-specific hardware.
[0020] An exemplary time-based block diagram envi-
ronment can be found in Simulink® from The MathWorks,
Inc. of Natick, MA. Simulink® provides tools for modeling
and simulating a variety of dynamic systems in one inte-
grated, graphical environment. Simulink® enables users
to design a block diagram for a dynamic system, simulate
the system’s behavior, analyze the performance of the
system, and refine the design of the system. Simulink®

allows users to design models of systems through a user
interface that allows drafting of block diagrams repre-
senting systems. All of the blocks in a block library pro-
vided by Simulink® and other programs are available to
users when the users are building the block diagram.
Individual users may be able to customize this block li-
brary 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 moved
using a human-machine interface (such as a mouse or
keyboard) from the block library on to the window (i.e.,
model canvas). Simulink® also allows users to simulate
the models to determine the behavior of the systems.
Simulink® includes a block diagram editor that allows us-
ers to perform such actions as draw, edit, annotate, save,
and print out block diagram representations of systems.
The block diagram editor is a graphical user interface

(GUI) component that allows drafting of block diagram
models by users. In Simulink®, there is also a textual
interface with a set of commands that allow interaction
with the graphical editor, such as the textual interface
provided in MATLAH®. Using this textual interface, users
may write special scripts that perform automatic editing
operations on the block diagram. Simulink® also allows
users to simulate the models to determine the behavior
of the systems. Simulink® includes a block diagram ex-
ecution engine that carries out the task of compiling and
linking the block diagram to produce an "in-memory ex-
ecutable" version of the model that is used for generating
code and/or simulating a block diagram model.
[0021] In an illustrative embodiment, blocks are con-
nected by lines in a graphical model. The lines may imply
dependencies that influence how the blocks execute. In
imperative environments, such as certain data flow dia-
gram modeling environments, the lines are true depend-
encies. In declarative environments, such as time-based
block diagram modeling environments, some lines (sig-
nals) can be leveraged to achieve optimal execution, but
are not an explicit dependency.
[0022] An illustrative embodiment enables a user to
specify additional dependencies between blocks in a di-
agram without having to add "clutter" to the diagram. In
an illustrative embodiment, the dependencies are spec-
ified without altering the visual representation of the di-
agram. An illustrative embodiment enables the user to
augment the diagram with non-graphical dependency
constraints specifying how the diagram is to execute. The
constraints are coupled to the diagram and can be op-
tionally displayed on the diagram, for example, in a de-
bugging/analysis mode of the diagram.
[0023] An illustrative embodiment can be practiced us-
ing substantially any type of modeling environment in-
cluding, but not limited to, animperative environment or
a declarative environment. For example, in a data flow
(imperative) diagram, one may wish to impose depend-
encies that aren’t explicitly shown by the lines in the di-
agram. Likewise, in a time-based block diagram (declar-
ative) environment, one may wish to add additional de-
pendencies that place constraints on the block sorting,
thereby influencing both code generation and model sim-
ulation/execution.
[0024] An illustrative embodiment will be described be-
low relative to a Simulink® model. Nevertheless, those
of skill in the art will appreciate that the present invention
may be practiced relative to models implemented in other
graphical modeling environments, including but not lim-
ited to LabVIEW from National Instruments Corporation
of Austin, Texas, and Rational Rose from IBM of White
Plains, New York, Rhapsody and Statemate both from I-
Logic Inc. of Andover, MA, Simplorerfrom Ansoft Corp.
of Pittsburg, PA, Ptolemy-based tools, Scade from Es-
terel Technologies Inc. of Mountain View-of CA, RT-LAB
from OPAL-RT of Montréal Québec, Canada, etc..
[0025] Figure 1 is an exemplary computing device 10
suitable for practicing an illustrative embodiment of the
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present invention, which provides a block diagram envi-
ronment. 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 workstation, server, network computer, quantum
computer, optical computer, bio computer, Internet ap-
pliance, mobile device, a pager, a tablet computer, and
the like.
[0026] The computing device 10 may be electronic and
include a Central Processing Unit (CPU) 11, memory 12,
storage 13, an input control 14, a modem 15, a network
interface 16, a display 17, etc. The CPU 11 controls each
component of the computing device 10 to provide the
block diagram environment. The memory 12 temporarily
stores instructions and data and provides them to the
CPU 11 so that the CPU 11 operates the computing de-
vice 10 and runs the block diagram environment. The
storage 13 usually contains software tools for applica-
tions. 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 block diagram environ-
ment, and data 22 for block diagrams created in the block
diagram 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 Figure 2.
[0027] Optionally, the computing device 10 may in-
clude multiple 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 Ma-
chine (VM). Multiple VM’s may be resident on a single
processor. Also, part of the application could be run in
hardware, for example, by configuring a field program-
mable gate array (FPGA) or creating an application spe-
cific integrated circuit (ASIC).
[0028] The input control 14 may interface with a key-
board 18, a mouse 19, and other input devices: The com-
puting device 10 may receive through the input control
14 input data necessary for creating block diagrams,
such as the selection of the attributes and operations of
component blocks in the block diagrams. The computing
device 10 may also receive through the input control 14
input data necessary for controlling the execution of the
block diagrams. The computing device 10 may display
in the display 17 user interfaces for the users to create
or edit the block diagrams.
[0029] Figure 2 is an exemplary network environment
24 suitable for practicing a distributed implementation of
an illustrative embodiment. The network environment 24
may include one or more servers 26 and 27 coupled to
clients 28 and 29 via a communication network 25. The
network interface 16 and the modem 15 of the computing
device 10 enable the servers 26 and 27 to communicate

with the clients 28 and 29 through the communication
network 25. The communication network 25 may include
Internet, intranet, (Local Area Network) LAN, (Wide Area
Network) WAN, (Metropolitan Area Network) MAN, Wire-
less, Optical, etc. The communication facilities can sup-
port the distributed implementations of the present inven-
tion.
[0030] In the network environment 24, the servers 26
and 27 may provide the clients 28 and 29 with software
components or products under a particular condition,
such as a license agreement. The software components
or products may include those for providing a block dia-
gram environment and a block diagram created in the
block diagram environment. The clients 28 and 29 may
construct a block diagram using the software compo-
nents and products provided by the servers 26 and 27,
and submit the block diagram to the servers 26 and 27
for the execution of the block diagram. The servers 26
and 27 may execute the block diagram and return the
execution results to the clients.

Block Diagram Environment

[0031] Figure 3 depicts an exemplary block diagram
environment 30 provided in an illustrative embodiment.
The block diagram environment 30 may include an editor
31, a model processing engine 32, a code generator 33,
and a model execution engine 34. The block diagram
environment 30 allows a user to perform various types
of tasks including constructing system models through a
user interface that allows drafting block diagram models,
allowing augmentation of a pre-defined set of blocks with
custom user-specified blocks, the use of the block dia-
gram model to compute and trace the temporal evolution
of the dynamic system’s outputs ("executing" the block
diagram), and automatically producing either deployable
software systems or descriptions of hardware systems
that mimic the behavior of either the entire model or por-
tions of it (referred to herein as "code generation").
[0032] Figure 4 is a flow chart showing an exemplary
operation of the block diagram environment 30. A block
diagram is created/edited (step 40) and compiled (step
42) to produce an "in-memory executable" version of the
block diagram that is used for generating code and/or
simulating, trimming or linearizing the block diagram
model. Following the compilation stage, is the model link
stage (step 44) which may also produce linear models
(step 46). Code may or may not be generated (step 45).
If code is generated (step 48), a decision is made (step
49) whether to continue the simulation. If the decision is
made to continue the simulation the model is simulat-
ed/executed through the Simulation Loop (step 50). If the
simulation is not continued, the code may be delivered
to a target (step 52) and executed in an external mode
(step 54). If code is not generated the block diagram may
execute in interpretive mode when entering the simula-
tion loop (step 50). The operation of the block diagram
environment 30 will be described below in more detail.
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[0033] The block diagram editor 31 allows users to per-
form such actions as draw, edit, annotate, save, and print
out block diagram representations of dynamic systems.
As noted earlier, blocks are the fundamental mathemat-
ical elements of a classic block diagram model. The block
diagram editor 31 is the graphical user interface (GUI)
component that allows drafting of block diagram models
by a user. In Simulink®, there is also a textual interface
with a set of commands that allow interaction with the
graphical editor 31. Using this textual interface, users
may write special scripts that perform automatic editing
operations on the block diagram. A user generally inter-
acts with a set of windows that act as canvases for the
model. There is generally more than one window for a
model because models may be partitioned into multiple
hierarchical levels through the use of subsystems.
[0034] Figure 5 shows an exemplary block diagram
60 constructed using the editor 31 in an illustrative em-
bodiment. The block diagram 60 includes Stage1A block
61, Stage1B block 62, Stage1C block 63, Stage2A block
64, Stage2B block 65, Stage2C block 66, Join block 67,
DIntg block 68, and D/A block 69. The Stage1A block 61,
Stage1B block 62, Stage1C block 63, Stage2A block 64,
Stage2B block 65 and Stage2C block 66 are exemplary
blocks that produce an output by performing a given func-
tion with a feedthrough input. The Join block 67 is an
exemplary blocks that produce an output by performing
a given function, such as an addition, with two
feedthrough inputs. The DIntg block 68 is a discrete-time
integrator block that doesn’t have direct feedthrough. The
D/A block 69 is an exemplary block that produces an
analog signal from a digital input signal. One of skill in
the art will appreciate that the block diagram model 60
and its elements 61-69 are illustrative and not limiting the
scope of the present invention. The construction of the
block diagram 60 will be described below in more detail
with reference to Figures 8-16.
[0035] Once a block diagram model has been con-
structed using the editor 31, the processing engine 32
carries out the task of compiling 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. The compile stage involves checking the
integrity and validity of the block interconnections in the
block diagram. Virtual blocks play no semantic role in the
execution of a block diagram. In this step, the virtual
blocks in the block diagram are removed and the remain-
ing non-virtual blocks are reconnected to each other ap-
propriately This compiled version of the block diagram
with actual block connections is used in the execution
process.
[0036] The way in which blocks are interconnected in
the block diagram does not necessarily define the order
in which the equations (methods) corresponding to the
individual blocks will be solved (executed). The actual
order is partially determined during the sorting step in
compilation.
[0037] The first step in sorting involves transforming

the graphical block diagram into a compiled (in-memory)
directed graph consisting of arcs and vertices. The ver-
tices are derived from some of the non-virtual blocks. For
instance, virtual blocks do not appear in the directed
graph. The arcs represent data dependencies between
the vertices. The data dependencies do not correspond
to the signals in the block diagram. For example, all sig-
nals that connect to input ports without direct feed through
are "cut" or ignored. In addition, data dependencies are
added to capture implicit dependencies. For example, all
inputs to a Function-Call subsystem are implicit data de-
pendencies to the owner (caller) block.
[0038] Figure 6 is an exemplary directed graph con-
verted from the block diagram 60 shown in Figure 5.
Since the blocks 61-69 in the block diagram 60 are not
virtual, the blocks 61- 69 appear on the corresponding
directed graph 70. The directed graph 70 therefore in-
cludes Stage1A vertex 71, Stage1B vertex 72, Stage1C
vertex 73, Stage2A vertex 74, Stage2B vertex 75,
Stage2C vertex 76, Join vertex 77, DIntg vertex 78, and
D/A vertex 79. The vertices are connected by edges.
[0039] The graph is used to sort the blocks into a linear
sorted list. During the sorting of the graph into the list,
strongly connected components are identified. The term
strongly connected component, which is a term that orig-
inates from graph theory, is a subset, S, of the blocks of
a block diagram such that any block in S is reachable
from any other block in S by following signal connections
and S is not a subset of any larger such set Strongly
connected components are flagged as algebraic loops
when all blocks have direct feed through. Such loops
correspond to a set of algebraic equations and are solved
using iterations and perturbations during block diagram
execution by solving for the algebraic variables. Algebra-
ic variables are either specified by the user via Initial Con-
dition blocks or chosen by the execution engine 34.
[0040] Sorting also takes into consideration other user
specified dependencies between the blocks, which will
be described below in more detail with reference to Fig-
ure 8-18. The term "dependency" as used herein refers
to the edges of the compiled directed graph and not the
signals found within a block diagram. Attempting to cor-
relate data dependencies directly to the signals found
within a block diagram may be incorrect and may lead to
the conclusion that a modeling application, such as a
modeling environment, does not satisfy data dependen-
cies, ie., the execution of the operations or block methods
does not satisfy data dependencies if one interprets sig-
nal connectivity as specifying data dependencies.
[0041] After compilation, the link stage commences.
During this stage physical memory allocations are made
in order to prepare for execution. Buffers are allocated
for block input and output data buffers, states, and work
areas. Additionally, block method execution lists that are
derived from the sorted list allow for execution of the block
diagram. Each block method execution list is a list of block
methods that are to be executed in a sequence when
each method within the list has a sample hit. There is
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generally a set of block method execution lists associated
with each layer of the block diagram that corresponds to
a non-virtual subsystem. Non-virtual subsystems are ei-
ther defined by the user or automatically synthesized dur-
ing compilation to either efficiently execute the model or
simplify the implementation of the semantics defined by
Simulink®. In multi-tasking mode, the lists within each
layer may be further partitioned when block diagrams
have blocks with different sample rates.
[0042] Those skilled in the art will recognize that while
the block method execution lists are derived from the
sorted list, they do not necessarily correspond one-to-
one with the sorted lists. First, each block method exe-
cution lists contains only blocks that have such a block
method of the given type (class) defined by the list. Sec-
ond, block methods corresponding to components like
the function-call subsystem do not appear on the block
method execution lists because they are executed by an
"owner" block.
[0043] Although included in the discussion of the com-
pilation stage, it is not required that the time-based dia-
gram perform the block sorting step during compilation.
The sorting step is performed to achieve efficient execu-
tion. Ignoring efficiency, there may be no semantic rea-
son to perform the sorting step. Any random ordering of
the block execution methods techniques work. In fact,
any ordering of all block method execution lists except
the Output block method execution list will result in the
same level of efficiency. Randomly re-ordering the Out-
put block method execution list will yield correct answers.
If the Output block method list is randomly ordered, then
the Simulation engine, when executing the Output block
method execution list, continues sequencing through the
Output block method execution list at each point in time
until there are no changes.
[0044] After linking has been performed, the code gen-
erator 33 may generate code. In this stage, the code gen-
erator 33 may choose to translate the block diagram mod-
el (or portions of it) into either software modules or hard-
ware descriptions (broadly termed code). If this stage is
performed, then the stages that follow use the generated
code during the execution of the block diagram. If this
stage is skipped completely, then the execution engine
34 uses an interpretive mode of execution for the block
diagram. In some cases, the user may not proceed further
with the execution of the block diagram because they
would like to deploy the code outside the confines of the
block diagram software. Upon reaching the simulation
stage, the execution engine 34 uses a simulation loop to
execute block methods in a pre-defined ordering upon a
sample hit to produce the system responses as they
change with time.

Specifying Non-graphical Model Dcoendencies.

[0045] Referring back to Figures 5 and 6, the engine
32 can sort the graph 70 derived from the information in
the block diagram 60. Since the signals represent rela-

tionships between blocks in the diagram 60 and the sig-
nals that connect to ports with direct feedthrough are kept
for the purpose of optimal execution, a plurality of sorted
lists can be possible from the compiled directed graph
70. Figure 7 shows some of the possible sorted lists pro-
duced from the compiled directed graph 70. The sorted
lists include the elements appearing as vertices in the
directed graph 70 sorted into order. An illustrative em-
bodiment enables a user to add non-graphical model de-
pendency information to the block diagram 60 to specify
a sorted list for the execution of the block diagram 60.
[0046] An illustrative embodiment allows for the addi-
tion of dependency information without changing the de-
fault visual representation of the model. The augmenta-
tion of the dependencies can be achieved via several
techniques. The following description describes two pref-
erable approaches to the implementation, during the
model edit/construction time or after the model edit/con-
struction time. However, one can envision other ap-
proaches such as manual specification of orderings in
the blocks. In addition, these two different approaches
could be used together where some of the non-graphical
dependencies are entered during the model edit/con-
struction time and some after the model edit/construction
time.

Addition of Non-graphical Dependency Information 
at Model Construction

[0047] Figure 8 is a flow-chart describing how the mod-
el/block diagram editor 31 interacts with the user to get
the non-graphical dependency information during the
model edit or construction time. The editor 31 may pro-
vide user interfaces that enable a user to add blocks to
the model and change connections between the blocks
(step 81). The model is then analyzed to determine
whether the sort of the model can yield one or more pos-
sible sorted lists (step 82). If there is more than one pos-
sible sorted lists in the model (step 83), the editor 31 may
provide a user interface asking the user for additional
model dependency information (step 84). These steps
are described below in more detail with reference to Fig-
ure 9-16.
[0048] Figure 9 shows that a user adds the Stage1A
block 61 to the model 60. If the methods of Stage 1A
block 60 are executed once for a model evaluation, there
may be only one sorted list and the user is not requested
to provide additional dependency information. The user
can add the Stage1B block 62 and the Stage1C-block
63, as depicted in Figure 10A, without being requested
for additional dependency information if the serial con-
nection of the Stage1A block 61, the Stage1B block 62
and the Stage1C block 63 produces only one possible
sorted list.
[0049] In some instances, there can be multiple sorted
lists that are used during the execution of the model when
a certain method of the Stage 1 A block 60 is executed
more than once for an evaluation of the model. If the
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methods of Stage-1A block 60 are executed more than
once for a model evaluation, the Stage 1A block 60 may
be on a sorted list multiple times.
[0050] Figure 10B shows an exemplary model in which
a subsystem and the blocks inside of it are executed twice
for the execution of the model. In the model, a constant
A is connected to a subsystem B. The content of the
subsystem B is shown on its icon. The subsystem B con-
tains an input In1 and an input In2. The input In1 is con-
nected to a gain Gain1 that connects to an output Out1.
The input In2 is connected to a gain Gain2 that is con-
nected to an output Out2. The output Out1 of the sub-
system B is connected to a gain D that connects to an
input In2 of the subsystem. The input In2 connects to a
gain Gain2 that connects to the output Out2 of the sub-
system B. The output Out2 connects to a scope C.
[0051] In this model the top level has a sorted list and
the subsystem B has its own sorted list. Because the
subsystem B is treated as one execution unit, it has to
be executed twice for one model evaluation in order for
the value on input In1 to become available on output
Out2. So, the sorted list of the top level may be provided
as follows.

A
B
D
B
C

[0052] On the sorted list of the top level, the subsystem
B appears twice. The sorted list of the subsystem B may
be provided as follows depending on whether the input
In1 and the input In2 require execution, in which case
they appear on the sorted list, or if they are a direct ref-
erence to the output of the connected blocks.

Gain1.
Gain2

Note that an alternate sorted list

Gain2
Gain1

is equally valid.
[0053] The user may be provided with a user interface
for enabling the user to dynamically select a sorted list
of the subsystem B to use in the execution and code
generation of the model. Alternatively, a sorted list can
be determined programmatically to use for execution or
code generation based on the user-defined criteria, such
as those described below with reference to Figure 18.
With this feature of the present invention, the user can
select one of multiple sorting lists dynamically during ex-
ecution of the model that is used for the execution of the
model.
[0054] When the user adds the Stage2A block 64 to

the block diagram model 60, as depicted in Figure 11,
an additional dialog 90 is provided for asking for addi-
tional dependency information. On the dialog 90, the de-
grees of freedom are shown to the user by showing the
relevant part of the sorted list and a proposed location.
If this isn’t the right location, then the user can move the
block (the Stage2A block 91 on the dialog 90) in the pro-
posed sort list 92 to the desired location, such as just
after the Stage1B block 93 as shown in Figure 12.
[0055] Clicking the Accept button 94 on the dialog 90
adds to the block diagram model 60 the non-graphical
dependency information:

(1) dependency from Stage1A to Stage2A; and
(2) dependency from Stage2A to Stage1B.

The non-graphical dependency information can be add-
ed as a property of the blocks in the block diagram 60.
The non-graphical dependency information is internally
represented by the graph 100 depicted in Figure 13. The
internal graph 100 is similar to the directed graph 70 de-
picted in Figure 6 and includes relevant vertices includ-
ing the stage1A vertex 101, the stage1B vertex 102, the
stage1C vertex 101, and the stage2A vertex 104. In the
internal graph 100, the dotted lines represent the non-
graphical dependency information added to the model
via the dialog 90, so that the model 60 has one unique
sorted list. In this example, the order of the sorted list is
Stage1A vertex 101, the Stage2A vertex 104, the
Stage1B vertex 102, and the Stage1C vertex 103 An il-
lustrative embodiment shows that adding one block re-
sulted in one degree of freedom. Those of ordinary skill
in the art will appreciate that changing a connection can
yield more than one degree of freedom, and the proposed
sort list would have several items that could be moved.
[0056] This process may continue until the user adds
the Join block 67 to the model 60, as depicted in Figure
14. When the user adds the DIntg block 68, which is a
discrete-time integrator block and doesn’t have direct
feedthrough, the dependency information dialog 110 is
provided, as depicted in Figure 15. The freedom to move
the DIntg block 111 on the dialog 110 comes from the
fact that its input does not have direct feedthough and
thus can be moved to any point in the sorted list. Assum-
ing that the user wants it to be at the top of the sorted
list, the user can continue editing the model 60 and even-
tually construct the model 60, as depicted in Figure 5.
The internal graph used to represent the dependency
information in the model 60 is illustrated in Figure 16.

Addition of Non-graphical Dependency Information 
After Model Construction

[0057] As models scale, the user may wish to turn off
edit time non-graphical dependency specification. In this
case, the user may be asked to provide the dependency
information after model construction, but before model
execution. In a larger model, this technique may be useful
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to add non-graphical dependency information to the mod-
el.
[0058] Specifying the sorting information after model
construction enables a user to provide explicit control of
the execution of the model and/or the generated code
for the mode. This explicit control can be in the form of
a sorting criterion that influences which block sort is used
and/or additional dependencies that influence the sort.
These two forms of additional non-graphical model de-
pendencies are two examples of how additional depend-
ency information can be provided. These examples can
be used in combination or independently. Furthermore,
one skilled in the art can appreciate that there are other
means by which additional non-graphical dependency
information can be added after model construction. One
benefit of being able to specify this additional dependen-
cy information is that the order of operations is fully spec-
ified by the user.
[0059] Specification of the additional dependency in-
formation after model construction, also enables one to
explicitly alter the way the model executes. For example,
in time-based block diagrams, one may wish to override
direct feed through relationships, thereby implicitly insert-
ing a delay.
[0060] It is possible to both specify additional depend-
ency information during model construction and after
model construction.
[0061] Figure 17 depicts a flow chart showing an ex-
emplary operation for adding dependency information af-
ter a model is constructed. After constructing the model
(step 112), the user "starts execution (step 113)." Exe-
cution is a general term that is often equated with simu-
lation of a model (step 120). Execution may also mean
real-time execution where the model is executed in real-
time, i.e. synchronized with physical time (step 121), or
the execution can mean the process of translating the
model to generated code (e.g. C/C++/Java, assembly,
HDL, etc.) (step 122).
[0062] After starting execution the system may prompt
the user for a sorting criterion. This criterion can be
changed at any time during model construction. Howev-
er, if not specified (step 114), the system may choose to
prompt the user for a sorting criterion (step 115). An ex-
ample dialog asking the user for the sorting criterion is
shown in Figure 18. The sorting criterion greatly influ-
ences model execution.
[0063] Figure 18 shows an exemplary dialog 125 that
can be provided to the user to obtain a sorting criterion.
The dialog 125 may provide various options for generat-
ing a sorted list, such as optimal code generation, natural
connectivity placement, sink ASAP placement, and user
defined condition, as depicted in Figure 18. One of skill
in the art will appreciate that these options are illustrative
and not limiting the scope of the present invention. After
the user selects one or more options provided on the
dialog 125 for the dependencies of the model, the model
is compiled to generate a sorted list based on the infor-
mation specified by the user on the dialog 125.

[0064] The sorting criterion is dependent on the model
domain. For example, in time-based block diagrams, to
achieve optimal stability performance of a control system,
there should be minimal delay between reading system
inputs and producing outputs. This translates into placing
the sink blocks which write to hardware as soon as pos-
sible in the sorted list (sink ASAP placement). An alter-
native sorting criterion is to group blocks together to gen-
erate optimal (more efficient) code. This criterion can
conflict with the sink ASAP placement criterion. Natural
connectivity placement is a means by which a strict or-
dering can be defined (e.g. left-to-right, top-to-bottom)
thereby ensuring a unique sort for the model. Alterna-
tively, a user defined condition can be specified whereby
a user-defined comparison function is defined and sorting
uses this function to choose a desired sort.
[0065] Each of the sorting criterions should adhere to
dependency information shown in the diagram. It is pos-
sible to define a criterion that does not adhere to depend-
ency information shown in the diagram. For example, a
user could define a custom sorting criterion that places
explicitly marked blocks in particular locations in the sort
list. This may violate dependency information shown in
the diagram (via the lines connecting blocks). For time-
based diagrams, this violation of dependency information
could be handled by inserting a "unit delay" action. Alter-
natively, each of the block methods may be evaluated
more than once.
[0066] After the initial sort is chosen based on a desired
criterion (step 116), the user then has the ability to add
additional non-graphical dependency information (step
117). An updated sort is generated based on the addi-
tional non-graphical dependency information (step 118)
and the updated sort is used in the subsequent steps
including model link (step 119), simulation (step 120),
real-time execution (step 121) or code generation (step
122). A dialog such as that of Figure 20A enables the
User to add or remove non-graphical dependency infor-
mation. In this figure, there is a hierarchy of sorted lists,
the top-level "Root sys" contains a set of blocks, a, b, c,
and Locked sys. The locked sys is a hierarchical node
that in turn contains a set of blocks d, e, and f. In the
preferred embodiment, the user can drag blocks to their
desired location, thereby adding non-graphical depend-
ency information. The dragging can be constrained such
that dependency information in the block diagram as de-
fined by the lines connecting the blocks is not violated.
Alternatively, the user may choose to violate the depend-
ency information found in the graphical model. In time-
based block diagrams, this violation would be treated as
a unit delay operation, or may result in multiple calls to
evaluate the blocks. The sorted list is annotated to indi-
cate this behavior. In addition, the diagram may be an-
notated if desired to illustrate where dependency infor-
mation in the graphical model was altered by the non-
graphical dependency information.
[0067] In addition to being able to drag the sorted lists,
the dialog in Figure 20A can be used to high-light direct
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feed through relationships. Selecting a block, say "b" may
cause "a" to highlight indicating that "a" must come before
"b" in the sorted list to ensure that the graphical depend-
ency information is maintained.
[0068] The dialog in Figure 20A can also be used to
high-light algebraic loops (that is a set of blocks that all
have direct feed-through and are connected in a cycle).
Each algebraic loop appears by default as a contiguous
set of blocks, thus it is desirable to move algebraic loops
in the sorted list as a unit (i.e. treat the algebraic loop as
a single moveable unit). It is also possible to move indi-
vidual blocks with in the unit and/or alter the algebraic
variables of the loop. Specifying the algebraic variables
is a form of non-graphical dependency information. The
user need not be constrained to move algebraic loops
as a unit. There may be good reason to move blocks
such that the algebraic loop is eliminated (by altering the
direct feed through relationships via non-graphical model
dependencies).
[0069] Blocks in the sorted list can have initial output
conditions. Suppose "a" is connected to "b" and "b" has
direct feed-through, i.e. needs the value of "a" to compute
its output in an optimal fashion. If a user moves "b" in
front of "a", then "b" will read the previous value of "a"
(unit delay action). Therefore, the output of "a" must have
an initial output condition to execute the model. There-
fore, the dialog of Figure 20A can be setup to show in
the sorted lists, blocks that have initial output and option-
ally allow the user to change the initial output of the
blocks.

Changine of Existing Sorted List

[0070] In an illustrative embodiment, the sorted list can
be specified during the construction of the model or gen-
erated at the compilation process based on the informa-
tion entered by a user after the construction of the model.
After the sorted list is specified or generated, blocks in
the graphical model can be added or removed or con-
nections between blocks can be changed at a later stage
(model construction/edit). When changes occur in the
model, the changes may affect the existing sorted list.
Therefore an illustrative embodiment enables the user
to see how their previous sort was affected and lets them
add additional dependency information if needed to en-
sure the new sort meets their needs.
[0071] Figure 19 is a flow chart showing an exemplary
operation for changing a sorted list. The sorted list may
be specified during the model construction time, as de-
scribed above with reference to Figure 8-16, or can be
generated at the model compilation time based on the
model dependency information, as described above with
reference to Figure 17 and 18 (step 131). The model is
checked to determine whether there are any changes in
the model after the existing sort list specified or generated
(step 132). If the changes have occurred, the user may
be provided with a dialog that enables the user to change
the existing sorted list (step 133). Figure 20A shows an

exemplary dialog 135 provided to the user for changing
the existing sorted list. The dialog may provide the exist-
ing sorted list from which the user can make changes.
The user can make changes using a drag and drop meth-
od. The changes can be saved as a property of the blocks
in the model.
[0072] Some of the benefits of specifying or locking
down sorted lists are that changes to the graphical model
can be controlled such that they have minimal impact on
the execution. When a model has an existing sorted list
specification (defined via a set of non-graphical depend-
encies), and the model is edited (altered by inserting or
deleting blocks or lines), the system may use the previous
sorted list specification as a primer for the new sorted
list, thereby minimizing the impact of the change on mod-
el execution or the generated code. Having minimal
change in the generated code is very valuable for safety-
critical applications because previous testing and code
inspections are not completely invalidated.
[0073] Another benefit of specifying or locking down
the sorted lists is that one can capture implicit depend-
encies between blocks. Consider Figure 5, if Stage 1A,
61 communicates with Stage 2A, 64 through a "hidden"
means such as global or shared memory, and the com-
munication protocol dictates that Stage 1A must run be-
fore Stage 2A, then specifying a non-graphical depend-
ency will ensure the communication protocol is adhered
to. Using the current state of the art technology, one could
use lines to signify this relationship, however there are
situations where it is desirable to hide certain relation-
ships, such as this example where the communication
may only be needed for the simulation and is naturally
enforced when using the generated code in a target sys-
tem.

Hyper-linking

[0074] The sorted lists shown in Figure 20A may be
hyper-linked back to the block diagram, thereby enabling
the user to bring into view the relevant portion of the mod-
el when looking at the sorted list. For example, the user
selects the Root sys in the user interface 135, a window
shown in Figure 20B can be provided for displaying the
model that corresponds to the Root sys. In the window
shown in Figure 20B, the Root sys 139 includes a block,
b block, c block and Locked sys. If the user selects the
Locked sys 136, the window shown in Figure 20B may
display a portion of the model that corresponds to the
Locked sys 136. In the window shown in Figure 20B, the
user may navigate to the Locked sys by selecting the
Locked sys block. Likewise the block diagram may be
hyper-linked by to the sorted list enabling the user to nav-
igate from the model to the sorted list quickly.

Debugging Annotation

[0075] An illustrative embodiment is described relative
to the non-graphical dependencies represented by inter-
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nally constructing a graph. The non-graphical depend-
encies are not displayed on the visual representation of
a block diagram model and do not affect the readability
of the diagram. As a debugging or analysis aid, however,
an illustrative embodiment can be extended to display
these dependencies on the diagram. The dependencies
can be illustrated as dotted lines or with different color
than the visual representation of the diagram model. The
signals that do not influence block sorting can be re-
moved from the visual representation of the block dia-
gram model.

Application of the Present Invention

Hierarchical Sorted Lists

[0076] The addition of non-graphical dependency in-
formation described above in an illustrative embodiment
may apply to a hierarchical model that includes different
levels of modules, such as subsystems in Simulink®. The
subsystems can be virtual or non-virtual. A subsystem is
virtual if its constituent blocks are moved back into the
main block diagram model during the model’s execution.
Virtual subsystems serve the purpose of providing the
block diagram with a graphical hierarchy. Non-virtual
subsystems behave like an elemental dynamic system
with its own execution methods (Output, Update, Deriv-
atives, etc.). An illustrative embodiment may sort the
blocks in the hierarchical block diagram into a hierarchi-
cal sort list In the hierarchical sort list, the root block di-
agram has a sorted-list associated with it and each non-
virtual subsystem layer and some special block diagram
elements also each have their own sorted-list. Referring
back to Figure 20A, for example, the dialog 135 shows
a hierarchical sort list of a model including the sorted list
of a, b, c and a subsystem called Locked subsystem 136.
The Locked subsystem 136 has its own sorted list of d,
e and f.

Implicit Dependencies

[0077] The addition of non-graphical dependency in-
formation described above in an illustrative embodiment
may also apply to implicit dependencies in a block dia-
gram model. The non-graphical dependency information
can be added to the model to specify implicit dependen-
cies. Implicit communication occurs when one block’s
internals access information from another block. This can
occur using Simulink® Data Store blocks. For example,
referring back to Figure.5, the Stage1B block 62 may
read information from the Stage2A block 64 via a Data
Store Read of a Data Store Memory that was written to
by a Data Store Write in the Stage2A block 64. This is
an example of an implicit requirement that should be tak-
en into account when sorting is done. Ideally, this would
be done Without drawing lines. Data stores are one ex-
ample. Another example would be user defined custom
blocks (S-functions) that perform interaction with the ex-

ternal environment. For example the Stage1B block 62
may read a physical (analog input from an Analog to Dig-
ital converter) and the Stage2A block 64 may be respon-
sible for writing to the physical device signals that influ-
ence the input that the Stage1B block 62 is requesting.

Model Integration

[0078] The addition of non-graphical dependency in-
formation described above in an illustrative embodiment
may be useful in integrating multiple models into a single
model. The integration of multiple models into a single
model is described in co-pending U.S. patent application
number 11/141878 entitled "MODELING OF A MULTI-
PROCESSOR SYSTEM" and filed on May 31, 2005,
which is incorporated by reference. The addition of non-
graphical dependency information of the present inven-
tion ensures correct simulation and generated code be-
havior by specifying how the combined models execute
in a single model.

Generated Code

[0079] The addition of non-graphical dependency in-
formation described above in an illustrative embodiment
may be useful in ensuring that the generated code for
the model appears as desired. Specifying sort list con-
straints means that execution of block methods is explic-
itly specified by the user. The translation of a block dia-
gram to generated code (e.g. a high-level language such
as C/C++/Java/Ada, assembly, or a hardware descrip-
tion language), follows that of normal model execution
(simulation). Thus, generated code is directly influenced
by the additional dependency information, thereby en-
suring that desired design goals are met. The specifica-
tion of additional dependency information ensures that
the models do not get wrong answer. This helps unit test-
ing and migrating to newer releases. This also helps ver-
ifying the behavior of the model. This has the advantage
of traceability, both in simulation (e.g. debugging) and in
the generated code (inspection or execution).

Changing Answer Without Changing Model

[0080] The specification of non-graphical dependen-
cies in an illustrative embodiment can be used to change
the answers of a model without changing the visual rep-
resentation of the model. The specification of non-graph-
ical dependencies may treat lines or signals as a data
store and remove the direct feedthrough requirements in
the block diagram model. Since changing dependencies
can be interpreted as inserting a unit delay on the lines,
the specification of non-graphical dependencies can
change the answer of the model without diagram clutter.
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Applying Non-graphical Dependencies to Other Do-
mains

[0081] The addition of non-graphical model depend-
ency information can be implemented in other domains,
such as state-based and flow diagrams, entity flow net-
work diagrams, and data flow diagrams. In the state-
based and flow diagrams, such as those found in State-
flow from The MathWorks, Inc., the present invention can
apply to provide execution view of charts where depend-
encies are specified. In the data flow diagrams, the
present invention can apply to show how parallel exam-
ples and additional
orderings can be specified. Those of ordinary skill in the
art will appreciate the state-based and flow diagrams,
entity flow network diagrams, and data flow diagrams are
illustrative and not limiting the scope of the present in-
vention.
[0082] Figure 21 is a user interface 140 showing an
exemplary state-based and flow diagram, such as a
Stateflow chart, which contains six parallel states. In an
illustrative embodiment, the ordering can be specified by
the number in the upper right corner that can be controlled
by a user via non-graphical dependency using a table
depicted in Figure 22. This table 150 may have properties
similar to that of Figure 20A whereby the user can drag
the parallel state name to the appropriate location to de-
fine the ordering of the parallel states. For example, the
user can drag the Fueling_Mode state name 154 to the
location prior to the Throttle_Sensor_Mode name 152 to
change the ordering of the parallel states. This aspect
may be useful for large charts that cannot be seen all at
once.
[0083] Figure 23 is an exemplary data flow diagram
that represents a=b+c. This data flow diagram has four
operations, the read of b block 162 to produce a token
168 for the first input of the + block 166, the read of c
block 164 to produce a token 168 for the second input of
the + block 166, the sum operation (+ block 166), and
finally sorting of the result by the ’a’ block 168. It may be
desirable to ensure that the read of b block 162 comes
before the read of c block 164, which can be done using
non-graphical dependency information using an editor
170 such as that of Figure 24. The non-graphical depend-
ency information shown in this example has been re-
duced to only show the degrees of freedom that don’t
violate the dependency information shown in the model.
Alternatively, one could let any operation be in order, in
which case dependencies in the data flow diagram that
are broken may be annotated with a "memory store" an-
notation indicating a read before write is occurring.
[0084] Since certain changes may be made without
departing from the scope of the present invention, it is
intended that all matter contained in the above descrip-
tion or shown in the accompanying drawings be inter-
preted as illustrative and not in a literal sense. For exam-
ple, an illustrative embodiment of the present invention
may be practiced in any graphical modeling environ-

ments. Practitioners of the art will realize that the se-
quence 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.

Claims

1. A computer implemented method for providing non-
graphical dependency information in a graphical
modeling environment, the method comprising:

providing (81) a graphical model, namely a block
diagram, in the graphical modeling environment,
wherein a user interface enables a user to add
blocks to the model and change connections be-
tween the blocks, the connection representing
signals between the blocks:
analysing (82) the model to determine (83)
whether the sort of the model can yield a plurality
of possible sorted lists, wherein a directed graph
is used to sort the blocks, wherein the directed
graph consists of edges and vertices, the edges
representing data dependencies between the
vertices derived from non-virtual blocks of the
block diagram, wherein all signals that connect
to input ports of blocks without direct feed
through are ignored; and
receiving (84) non-graphical model dependency
information from a user for the graphical model,
wherein the non-graphical model dependency
information does not change a visual represen-
tation of the graphical model, wherein a sorted
list of the plurality of possibles sorted lists is
specified to indicate the execution order of the
blocks of the block diagram, wherein the sort
order of the sorted list is determined by an order
provided through the edges of the directed graph
and the non-graphical model dependency infor-
mation.

2. The method of claim 1, further comprising:

saving the non-graphical model dependency in-
formation as a property of blocks in the graphical
model.

3. The method of claim 1, wherein the non-graphical
model dependency information influences code gen-
eration.

4. The method of claim 1, wherein the non-graphical
model: dependency information is added based on
design considerations.

5. The method of claim 4, wherein the design consid-
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erations comprise at least one of optimal memory
usage or optimal execution efficiency.

6. The method of claim 1, wherein the non-graphical
model dependency information is added at a model
edit or construction time.

7. The method of claim 1, wherein the non-graphical
model dependency information is added after con-
struction of the graphical model and before execution
of the graphical model.

8. The method of claim 1, wherein the non-graphical
model dependency information is added by specifi-
cation of a sorting criterion.

9. The method of claim 1, wherein the non-graphical
model dependency information is changed after con-
struction of the graphical model before execution of
the graphical model.

10. The method of claim 1, further comprising:

displaying the non-graphical model dependency
information with the visual representation of the
graphical model for an analysts of the model.

11. The method of claim 1, further comprising:

programmatically accessing the non-graphical
model dependency information so that the non-
graphical model dependency information is ma-
nipulated programmatically.

12. The method of claim 1, further comprising:

displaying a sorted list of the graphical model to
the user, where the sorted list exhibits depend-
encies in the graphical model.

13. The method of claim 12, further comprising:

enabling the user to hyper-link from the graphi-
cal model to the sorted-list or enabling the user
to hyper-link from the sorted-list to the graphical
model.

14. A system for adding non-graphical dependency in-
formation to a graphical model, the system compris-
ing:

- a graphical modeling environment for providing
a graphical model, namely a block diagram, to
a user; and
- a user interface for enabling the user to add
(81) non-graphical model dependency informa-
tion to the graphical model, wherein the non-
graphical model dependency information does

not change a visual representation of the graph-
ical model, wherein the user interface enables
a user to add blocks to the model and change
connections between the blocks, the connec-
tions representing signals between the blocks,
wherein the system analyses (82) the model to
determine (83) whether the sort of the model
can yield a plurality of possible sorted lists,
wherein a directed graph is used to sort the
blocks, wherein the directed graph consists of
edges and vertices, the edges representing data
dependencies between the vertices derived
from non-virtual blocks of the block diagram,
wherein all signals that connect to input ports of
blocks without direct feed through are ignored,
wherein a sorted list of the plurality of possible
sorted lists is specified (84) to indicate the exe-
cution order of the blocks of the block diagram,
wherein the sort order of the sorted list is deter-
mined by an order provided through the edges
of the directed graph and the non-graphical
model dependency information.

15. The system of claim 14, wherein the graphical mod-
eling environment saves the non-graphical model
dependency information as a property of blocks in
the graphical model.

16. The system of claim 14, wherein the user interface
provides design considerations to the user, the de-
sign considerations for adding the non-graphical
model dependency information to the model.

17. The system of claim 16, wherein the design consid-
erations comprise at least one of optimal memory
usage or optimal execution efficiency.

18. The system of claim 14, wherein the non-graphical
model dependency information is added at a model
edit or construction time.

19. The system of claim 14, wherein the non-graphical
model dependence information is added after con-
struction of the graphical model and before execution
of the graphical model.

20. The system of claim 14, wherein the non-graphical
model dependency information is changed after con-
struction of the graphical model before execution of
the graphical model.

21. The system of claim 14, wherein the graphical mod-
eling environment displays the non-graphical model
dependency information on the visual representation
of the graphical model for an analysis of the model.

22. The system of claim 14, the non-graphical model de-
pendency information is programmatically accessed
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and manipulated.

23. A medium for holding instructions for implementing
the method of one of the claims 1 to 13, when being
executed on a computer.

Patentansprüche

1. Computerimplementiertes Verfahren zum Bereit-
stellen von nichtgrafischen Abhängigkeitsinformati-
onen in einer grafischen Modellierumgebung, wobei
das Verfahren umfasst:

Bereitstellen (81) eines grafischen Modells,
nämlich eines Blockdiagramms in der grafi-
schen Modellierumgebung, wobei eine Benut-
zerschnittstelle einem Benutzer ermöglicht, Blö-
cke zu dem Modell hinzuzufügen und Verbin-
dungen zwischen den Blöcken zu verändern,
wobei die Verbindungen Signale zwischen den
Blöcken darstellen;
Analysieren (82) des Modells zum Bestimmen
(83), ob die Art des Modells eine Vielzahl von
möglichen sortierten Listen ergeben kann, wo-
bei ein gerichteter Graph zum Sortieren der Blö-
cke verwendet wird, wobei der gerichtete Graph
aus Kanten und Scheitelpunkten besteht, die
Kanten Datenabhängigkeiten zwischen den
Scheitelpunkten, aus nicht virtuellen Blöcken
abgeleitet, des Blockdiagramms darstellen, wo-
bei alle Signale, die mit Eingangskanälen von
Blöcken ohne direktes Sperrvermögen verknüp-
fen, ignoriert werden; und
Empfangen (84) von nichtgrafischen Modellab-
hängigkeitsinformationen von einem Benutzer
für das grafische Modell, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen eine
visuelle Darstellung des grafischen Modells
nicht verändern, wobei eine sortierte Liste der
Vielzahl von möglichen sortierten Listen spezi-
fiziert ist, um die Ausführungsreihenfolge der
Blöcke des Blockdiagramms anzuzeigen, wobei
die Sortierungsreihenfolge der sortierten Liste
durch eine Reihenfolge bestimmt ist, die durch
die Kanten des gerichteten Graphen und die
nichtgrafischen Modellabhängigkeitsinformati-
onen bereitgestellt wird.

2. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

Sichern der nichtgrafischen Modellabhängig-
keitsinformationen als ein Merkmal der Blöcke
in dem grafischen Modell.

3. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen die Gene-

rierung eines Codes beeinflussen.

4. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen basierend
auf Entwurfsbetrachtungen hinzugefügt werden.

5. Verfahren nach Anspruch 4, wobei die Entwurfsbe-
trachtungen optimalen Speichergebrauch und/oder
optimale Ausführungsleistung einschließen.

6. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen bei einer
Modellaufbereitung oder Konstruktionszeit hinzuge-
fügt werden.

7. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen nach Kon-
struktion des grafischen Modells und vor Ausführung
des grafischen Modells hinzugefügt werden.

8. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen durch
Spezifizierung eines Sortierkriteriums hinzugefügt
werden.

9. Verfahren nach Anspruch 1, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen nach Kon-
struktion des grafischen Modells vor Ausführung des
grafischen Modells verändert werden.

10. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

Anzeigen der nichtgrafischen Modellabhängig-
keitsinformationen mit der visuellen Darstellung
des grafischen Modells für eine Analyse des Mo-
dells.

11. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

programmatisches Zugreifen auf die nichtgrafi-
schen Modellabhängigkeitsinformationen, so
dass die nichtgrafischen Modellabhängigkeits-
informationen programmatisch manipuliert wer-
den.

12. Verfahren nach Anspruch 1, des Weiteren umfas-
send:

Anzeigen dem Benutzer eine sortierte Liste des
grafischen Modells, bei dem die sortierte Liste
Abhängigkeiten in dem grafischen Modell zeigt.

13. Verfahren nach Anspruch 12, des Weiteren umfas-
send:

Ermöglichen dem Benutzer einer Hyper-Verbin-
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dung von dem grafischen Modell zu der sortier-
ten Liste oder Ermöglichen dem Benutzer einer
Hyper-Verbindung von der sortierten Liste zu
dem grafischen Modell.

14. System zum Hinzufügen von nichtgrafischen Abhän-
gigkeitsinformationen zu einem grafischen Modell,
wobei das System umfasst:

- eine grafische Modellierumgebung zum Bereit-
stellen einem Benutzer eines grafischen Mo-
dells, nämlich eines Blockdiagramms; und
- eine Benutzerschnittstelle zum Ermöglichen
dem Benutzer, nichtgrafische Modellabhängig-
keitsinformationen dem grafischen Modell hin-
zuzufügen (81), wobei die nichtgrafischen Mo-
dellabhängigkeitsinformationen eine visuelle
Darstellung des grafischen Modells nicht än-
dern, wobei die Benutzerschnittstelle einem Be-
nutzer ermöglicht, Blöcke dem Modell hinzuzu-
fügen und Verbindungen zwischen den Blöcken
zu verändern, die Verbindungen Signale zwi-
schen den Blöcken darstellen, wobei das Sys-
tem das Modell zum Bestimmen (83) analysiert
(82), ob die Art des Modells eine Vielzahl von
möglichen sortierten Listen ergeben kann, wo-
bei ein gerichteter Graph zum Sortieren der Blö-
cke verwendet wird, wobei der gerichtete Graph
aus Kanten und Scheitelpunkten besteht, die
Kanten Datenabhängigkeiten zwischen den
Scheitelpunkten, von nichtvirtuellen Blöcken
abgeleitet, des Blockdiagramms darstellen, wo-
bei alle Signale, die mit Eingangskanälen von
Blöcken ohne direktes Sperrvermögen verknüp-
fen, ignoriert werden; wobei eine sortierte Liste
der Vielzahl von möglichen sortierten Listen
spezifiziert (84) wird, um die Ausführungsrei-
henfolge der Blöcke des Blockdiagramms anzu-
zeigen, wobei die Sortierungsreihenfolge der
sortierten Liste durch eine Reihenfolge be-
stimmt ist, die durch die Kanten des gerichteten
Graphen und die nichtgrafischen Modellabhän-
gigkeitsinformationen bereitgestellt wird.

15. System nach Anspruch 14, wobei die grafische Mo-
dellierumgebung die nichtgrafischen Modellabhän-
gigkeitsinformationen als ein Merkmal von Blöcken
in dem grafischen Modell sichert.

16. System nach Anspruch 14, wobei die Benutzer-
schnittstelle dem Benutzer Entwurfsbetrachtungen
zur Verfügung stellt, die Entwurfsbetrachtungen zum
Hinzufügen der nichtgrafischen Modellabhängig-
keitsinformationen zu dem Modell.

17. System nach Anspruch 16, wobei die Entwurfsbe-
trachtungen optimalen Speichergebrauch und/oder
optimale Ausführungsleistung einschließen.

18. System nach Anspruch 14, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen bei einer
Modellaufbereitung oder Konstruktionszeit hinzuge-
fügt werden.

19. System nach Anspruch 14, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen nach Kon-
struktion des grafischen Modells und vor Ausführung
des grafischen Modells hinzugefügt werden.

20. System nach Anspruch 14, wobei die nichtgrafi-
schen Modellabhängigkeitsinformationen nach Kon-
struktion des grafische Modells vor Ausführung des
grafischen Modells geändert werden.

21. System nach Anspruch 14, wobei die grafische Mo-
dellierumgebung die nichtgrafischen Modellabhän-
gigkeitsinformationen auf der visuellen Darstellung
des grafischen Modells für eine Analyse des Modells
anzeigt.

22. System nach Anspruch 14, wobei auf die nichtgrafi-
schen Modellabhängigkeitsinformationen program-
matisch zugegriffen wird und diese manipuliert wer-
den.

23. Medium zum Festhalten von Anweisungen zur Imp-
lementierung des Verfahrens nach einem der An-
sprüche 1 bis 13, wenn dieses auf einem Computer
ausgeführt wird.

Revendications

1. Procédé mis en oeuvre à l’ordinateur pour fournir
des informations de dépendance non-graphique
dans un environnement de modélisation graphique,
le procédé comprenant les étapes consistant à :

fournir (81) un modèle graphique, à savoir un
diagramme-bloc, dans l’environnement de mo-
délisation graphique, de sorte qu’une interface
utilisateur permet un utilisateur d’ajouter des
blocs au modèle et de changer des connexions
entre les blocs, les connexions représentant des
signaux entre les blocs ;
analyser (82) le modèle pour déterminer (83) si
le type de modèle peut produire une pluralité de
listes triées possibles, dans lequel un graphique
dirigé est utilisé pour trier les blocs, dans lequel
le graphique dirigé est constitué de bords et de
sommets, les bords représentant des dépen-
dances de données entre les sommets dérivés
de blocs non-virtuels du schéma-blocs, dans le-
quel tous les signaux qui sont connectés à des
ports d’entrée de blocs sans traversée directe
sont ignorés ; et
recevoir (84) des informations de dépendance
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de modèle non-graphique depuis un utilisateur
pour le modèle graphique, dans lequel les infor-
mations de dépendance de modèle non-graphi-
que ne changent pas une représentation visuel-
le du modèle graphique, dans lequel une liste
triée de la pluralité de listes triées possibles est
spécifiée pour indiquer l’ordre d’exécution des
blocs du schéma-bloc, dans lequel l’ordre de
triage de la liste triée est déterminé par un ordre
fourni via les bords du graphique dirigé et les
informations de dépendance de modèle non-
graphique.

2. Procédé selon la revendication 1, comprenant en
outre :

l’étape consistant à enregistrer les informations
de dépendance de modèle non-graphique sous
forme de propriété de blocs dans le modèle gra-
phique.

3. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que influencent la génération d’un code.

4. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées en se basant sur des considéra-
tions de conception.

5. Procédé selon la revendication 4, dans lequel les
considérations de conception comprennent au
moins un paramètre parmi un usage optimal de la
mémoire ou une efficacité d’exécution optimale.

6. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées lors d’une modification du modèle
ou au moment de la construction.

7. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées après construction du modèle gra-
phique et avant exécution du modèle graphique.

8. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées par spécification d’un critère de tri.

9. Procédé selon la revendication 1, dans lequel les
informations de dépendance de modèle non-graphi-
que sont changées après construction du modèle
graphique avant exécution du modèle graphique.

10. Procédé selon la revendication 1, comprenant en
outre :

l’étape consistant à afficher les informations de

dépendance de modèle non-graphique avec re-
présentation visuelle du modèle graphique pour
une analyse du modèle.

11. Procédé selon la revendication 1, comprenant en
outre :

l’étape consistant à accéder par le biais d’un pro-
gramme aux informations de dépendance de
modèle non-graphique de telle sorte que les in-
formations de dépendance de modèle non-gra-
phique sont manipulées par le biais d’un pro-
gramme.

12. Procédé selon la revendication 1, comprenant en
outre :

l’étape consistant à afficher une liste triée du
modèle graphique à l’utilisateur, dans laquelle
la liste triée présente les dépendances dans le
modèle graphique.

13. Procédé selon la revendication 12, comprenant en
outre :

l’étape consistant à permettre à l’utilisateur d’ef-
fectuer un hyper-link depuis le modèle graphi-
que vers la liste triée ou à permettre à l’utilisateur
d’effectuer un hyper-link depuis la liste triée vers
le modèle graphique.

14. Système pour ajouter des informations de dépen-
dance non graphique à un modèle graphique, le sys-
tème comprenant :

- un environnement de modélisation graphique
pour fournir un modèle graphique, à savoir un
schéma-bloc, à un utilisateur ; et
- une interface utilisateur pour permettre à l’uti-
lisateur d’ajouter (81) des informations de dé-
pendance de modèle non-graphique au modèle
graphique, dans lequel les informations de dé-
pendance de modèle non-graphique ne chan-
gent pas une représentation visuelle du modèle
graphique, dans lequel l’interface utilisateur per-
met à un utilisateur d’ajouter des blocs au mo-
dèle et de changer des connexions entre les
blocs, les connexions représentant des signaux
entre les blocs, dans lequel le système analyse
(82) le modèle pour déterminer (83) si le type
de modèle peut fournir une pluralité de listes
triées possibles, dans lequel on utilise un gra-
phique dirigé pour trier les blocs, dans lequel le
graphique dirigé est constitué de bords et de
sommets, les bords représentant des dépen-
dances de données entre les sommets dérivés
depuis des blocs non virtuels du schéma-bloc,
dans lequel tous les signaux qui sont connectés
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à des ports d’entrée de blocs sans traversée di-
recte sont ignorés, dans lequel une liste triée de
la pluralité de listes triées possibles est spécifiée
(84) pour indiquer l’ordre d’exécution des blocs
du schéma-blocs, dans lequel l’ordre du tri de
la liste triée est déterminé par un ordre fourni
via les bords du graphique dirigé et les informa-
tions de dépendance de modèle non-graphique.

15. Système selon la revendication 14, dans lequel l’en-
vironnement de modélisation graphique enregistre
les informations de dépendance de modèle non-gra-
phique à titre de propriété de blocs dans le modèle
graphique.

16. Système selon la revendication 14, dans lequel l’in-
terface utilisateur fournit des considérations de con-
ception à l’utilisateur, les considérations de concep-
tion étant destinées à ajouter les informations de dé-
pendance de modèle non-graphique au modèle.

17. Système selon la revendication 16, dans lequel les
considérations de conception comprennent au
moins un paramètre parmi un usage optimal de la
mémoire ou une efficacité d’exécution optimale.

18. Système selon la revendication 14, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées lors d’une modification du modèle
ou au moment de la construction.

19. Système selon la revendication 14, dans lequel les
informations de dépendance de modèle non-graphi-
que sont ajoutées après construction du modèle gra-
phique et avant exécution du modèle graphique.

20. Système selon la revendication 14, dans lequel les
informations de dépendance de modèle non-graphi-
que sont changées après construction du modèle
graphique avant exécution du modèle graphique.

21. Système selon la revendication 14, dans lequel l’en-
vironnement de modélisation graphique affiche les
informations de dépendance de modèle non-graphi-
que sur la représentation visuelle du modèle graphi-
que pour une analyse du modèle.

22. Système selon la revendication 14, dans lequel les
informations de dépendance de modèle non-graphi-
que sont accédées et manipulées par le biais d’un
programme.

23. Support pour contenir des instructions pour mettre
en oeuvre le procédé selon l’une des revendications
1 à 12 lorsqu’elles sont exécutées par un ordinateur.
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