
US 20070156374Al 

(12) Patent Application Publication (10) Pub. No.: US 2007/0156374 A1 
(19) United States 

Woodring (43) Pub. Date: Jul. 5, 2007 

(54) COMPLEX PROCESS MODELING AND 
SIMULATION SYSTEM AND METHOD 

(76) Inventor: John Woodring, Jacksonville, FL (US) 

Correspondence Address: 
ARNOLD & PORTER LLP 
ATTN: IP DOCKETING DEPT. 
555 TWELFTH STREET, N.W. 
WASHINGTON, DC 20004-1206 (US) 

(21) Appl. No.: 11/601,838 

(22) Filed: Nov. 20, 2006 

Related US. Application Data 

(63) Continuation of application No. 10/733,367, ?led on 
Dec. 12, 2003, noW Pat. No. 7,149,679. 

Identify enemy on Ground based radar. 

Publication Classi?cation 

(51) Int. Cl. 
G06F 17/10 (2006.01) 

(52) US. Cl. ................................................. ..703/2;703/22 

(57) ABSTRACT 

A method and apparatus for creating a complex process 
model for use in a graphical environment, With the process 
utilizing de?ned entities including places, transitions, and 
the arcs. Places represent data types, transitions represent 
actions, and arcs represent the connection of places and 
transitions. The places, transitions, and arcs may be inter 
changed by the user Without the need to recreate the entire 
model. The invention also includes a method and apparatus 
of simulating a complex process, by identifying the 
attributes and values of the places and transitions, identify 
ing the parameters of the connecting arcs, and manipulating 
the places, transitions, and arcs to constitute a process in 
action. 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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COMPLEX PROCESS MODELING AND 
SIMULATION SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. Ser. No. 
10/733,367 ?led Dec. 12, 2003, Which is herein incorporated 
by reference in its entirety. 

COMPUTER PROGRAM LISTING APPENDIX 

[0002] The computer program listing as referred to in 
Appendix A is the same as the computer program listing in 
US. Pat. No. (US. Ser. No. 10/733,367 ?led Dec. 
12, 2003, attorney docket 18697.001), Which is herein 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0003] This invention relates to the ?eld of complex 
process design and simulation. In particular, this invention 
relates to a system and method for graphically representing 
a model architecture in a Way that alloWs it to be directly 
executed Within a design tool. This methodology alloWs for 
a more accurate and robust estimate of a system’s dynamic 
properties and subsequently assists in evaluating neW sys 
tems and introducing them into the marketplace With 
decreased initial investment, time and risk. This invention 
also relates to the simulation of the graphically modeled 
system in a neW and robust manner. 

[0004] The present invention can be applied to commu 
nications netWorks, business Work?oWs, military tactics, and 
distributed processing, among other systems. The present 
invention reduces the time and expense involved in tradi 
tional methods of system design selection and evaluation, 
and alloWs for dynamic “on the ?y” changes that permit 
real-time simulation and evaluation. 

DESCRIPTION AND HISTORY OF PRIOR ART 

[0005] Before to the present invention, analysts attempted 
to predict the performance and characteristics of prototypes 
using techniques invented by mathematicians and inherited 
by computer softWare engineers. As such, modeling and 
simulation Was vieWed as an arcane art practiced only by a 
feW specialists Who generally had little detailed knoWledge 
about the subject matter of the system. This led to many 
errors in understanding and subsequently models that often 
did not represent the detailed Working of the prototype. This 
Was, of course, a predictable result that arose from the 
dichotomy betWeen the perspectives of the user group, 
Which Was application oriented, and the evaluation group, 
Which described a concrete system as a set of abstract 
mathematical representations. Software tools Were devel 
oped in the early 1980s to assist subject matter experts to 
represent conceptual systems digitally, and, by the end of the 
decade, Computer Aided Design (CAD) became an estab 
lished technique. LikeWise, simulation softWare became 
easier to developiin part due to the introduction of more 
poWerful, fourth-generation computer languages and 
improved computer interfaces. Still, the bridge betWeen 
prototype design and prototype evaluation Was not formed, 
and the tWo disciplines remained distinct and separate. 

[0006] During the 1990s, softWare tools Were developed to 
further assist analysts in representing and understanding the 
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behavior of complex systems. These tools Were generally 
referred to as CASE (Computer Aided Software Engineer 
ing) tools, and, on the Whole, their impact in terms of 
creating more robust simulation softWare Was signi?cant. In 
parallel, much Work Was performed in the area of system 
representationian attempt to form a compact “language” 
that could be used to describe complex systems that Was, at 
the same time, machine interpretable. Such languages 
attempted to avoid the inherent ambiguity associated With 
natural language by using a specialiZed lexicon With non 
ambiguous meaning and semantics that could be applied to 
all conceptual system designs. Thus, the state-of-the-art Was 
pushed forWard in both system design and system evalua 
tion, but little progress Was made in integrating the tWo 
techniques except in a feW highly specialiZed areas. 

[0007] Examples of the prior art include a product devel 
oped by Rational SoftWare Corporation. Rational Rose is a 
tool kit that simpli?es softWare design and evaluation by 
using the UML (Uni?ed Modeling Language) to represent 
complex systems and Object Oriented softWare to evaluate 
them. Thus, Rational Rose is merely a tool used to assist the 
user in developing Object Oriented softWare in the design, 
code generation, code testing, Requirements Analysis and 
life-cycle maintenance phases. 
[0008] Another example of prior art is a product knoWn as 
BONAPART Professional, a tool for simulation and analysis 
of business processes. Customers can also use BONAPART 
Collaborative, an innovative Java-based tool for Web-based 
Intra-/Intemet collaborative Work. The majority of custom 
ers, both in Europe and abroad, use BONAPART in the 
documentation and optimization of processes and organiZa 
tional structures. Companies of all siZes use BONAPART to 
structure their business, measure process e?iciency With 
regard to critical success factors, and simulate process 
alternatives before deciding on the optimal process for 
implementation. As a result, business processes are modi?ed 
to be more ef?cient and to better meet customer expecta 
tions. 

[0009] Another prior art program is Popkin System Archi 
tect, a comprehensive and poWerful modeling solution 
designed to provide all of the tools necessary for develop 
ment of successful enterprise systems. It is the only tool to 
integrate, in one multi-user product, industry-leading sup 
port for all major areas of modeling, including business 
process modeling, obj ect-oriented and component modeling 
With UML, relational data modeling, and structured analysis 
and design. All functionality is harnessed Within System 
Architect’s extensible repository With native support for 
Microsoft VBA. 

[0010] Another example of the prior art is Design CPNia 
non-commercial Colored Petri Net design and execution tool 
created and distributed by the University of Aarhus (Den 
mark) 
[0011] Another example of the prior art is AllFusion 
ERWin Data Modeler is an industry-leading data modeling 
solution that can help you create and maintain databases, 
data Warehouses and enterprise data models. AllFusion 
ERWin data models help you visualiZe data structures to 
facilitate the organization, management and moderation of 
data complexities, database technologies and the deploy 
ment environment. Databases can be developed more 
quickly While dramatically improving quality and maintain 
ability. 
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[0012] Another example of the prior art is MITRE MRTi 
three separate tools used for the design, speci?cation and 
execution of model architectures. 

[0013] All of the prior art suffer from defects Which are 
overcome by the present invention. In general, in the prior 
art one creates a prototype design (often referred to as a 
model architecture) using some representational language. 
In the best case, the language is graphical based, has a 
lexicon that is unambiguous and semantics that are descrip 
tively rich and can be understood by machines. In the Worst 
case, the language does not have these features. 

[0014] The prototype design is then given to computer 
softWare engineers Who “interpret” the design and convert it 
into a computer model, Which then becomes a “model of a 
model”. There are many possibilities for errors, unWarranted 
approximations, misinterpretations and misunderstandings. 
Through iterative “negotiations” betWeen those Who are 
stakeholders in the design and those Who are stakeholders in 
the computer simulation model, a ?nal product that approxi 
mates the prototype concept is produced in one tool. 

[0015] In almost all cases, the results of quantitative 
evaluation through simulation lead to unansWered questions, 
the most common of Which is hoW the prototype can be 
modi?ed to produce better results. In fact, a set of prototype 
variants is usually proposed to optimiZe performance or 
meet some identi?ed performance goals. Each variant must 
be designed and converted into a computer model by a pair 
of separate events that are time consuming, expensive and 
ine?icient. There is no certainty that all of the computer 
models representing the prototype variants have the same 
?delity, resolution and scope. 

[0016] After variations of the prototype have been exhaus 
tively analyZed, a candidate design is chosen. HoWever, 
there is little con?dence that the optimal design has been 
selected, and the rush of time generally dictates the end of 
the process, With many questions still unansWered. 

[0017] The present invention overcomes these de?ciencies 
by creating a design using a representational language that 
is poWerful, universally accepted, easy to learn and easy to 
use. The resulting design is machine understandable. 

[0018] Computer softWare engineers build libraries of 
functions to support the execution of the prototype, but no 
interpretation of the design is required. The functions can be 
directly used by the prototype designers and linked into the 
design by them. This ensures that the intentions of the 
designers are not distorted by the softWare developers. 

[0019] Analysts can re-con?gure the architecture design 
and the corresponding simulation model Will automatically 
adjust to the changes made to it. The analyst can even 
change a design While it is executing, making a seamless 
transition betWeen tWo variants of the prototype. Analysis of 
alternatives is quick, e?icient and consistent. 

[0020] Since conceptual designs are created and evaluated 
by subject matter experts With only minimal intrusion by 
softWare engineers, there is a high level of con?dence that 
the optimal design has been identi?ed. The process is rapid, 
accurate and all variants are evaluated in the same Way With 
the prejudices of “interpretation”. 

[0021] In addition, the prior art provides either very lim 
ited, or no ability to investigate the dynamic properties of a 
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model architecture through model execution/ simulation. The 
prior art also does not enforce fundamental rules of asso 
ciation in the design element of the tool so that the user is 
constrained to create valid models. The prior art also does 
not provide a direct method for modeling concurrency and 
thus have limited usefulness in describing real-World prob 
lems. 

[0022] In addition the prior art is unable to integrate a 
design With other softWare elements executing remotely in a 
distributed-processing environment. The prior art has only 
limited support for specifying mathematical functions and 
logic in high-level computer languages. This restricts their 
usefulness in evaluating model architectures. The prior art 
does not provide a capability for building a hierarchical 
model and automatically updating higher-level constructs 
directly When their embedded components are changed. The 
prior art does not support the use of a relational database 
repository for storing pre-build entities and extended entities 
created for the base entities. The prior art does not alloW 
graphical elements (pictures, icons, artWork, etc.) to be 
embedded in the design to enhance visualization of the 
model. And, the prior art does not alloW discrete events to be 
captured during the execution of the model so that the user 
can replay the execution in a step-by-step manner. 

SUMMARY OF THE INVENTION 

[0023] The invention provides a system and method 
Wherein to simulate complex processes. In the present 
invention evaluation of processes is performed dynamically. 
A user may employ pre-de?ned building blocks or “user 
de?ned” building blocks. The present invention involves 
graphical modeling (i.e. modeling in a graphical environ 
ment) in a “multi-thread” mannerinot constrained to one 
set of parameters. The present invention interoperates With 
other tools, and may be utiliZed on a computer system (either 
stand-alone or netWorked environment). 

[0024] In one embodiment of the present invention, the 
user designs a complex system to be modeled. The design is 
?exible, using building blocks4either user speci?ed or 
pre-de?nediinherent to the project. By their nature the 
building blocks of a modeled system are ?exible so that the 
system can readily incorporate many different aspects (i.e., 
the user is not necessarily constrained to a certain set of 
parameters as in the prior art). These “building block” 
objects may be embodied in a graphical environment for 
ease of use, and may be readily portable to a computer 
environment. Thus, unlike in the prior art, there is no need 
to further “model” the created model by manipulating it in 
a manner such that it can be implemented in a computer. 

[0025] The building blocks of the design can be easily 
changed, alloWing for different variants of the design (or 
even radical departures from the design) to be easily incor 
porated into the modeled system for alternate scenario, or 
variant, analysis, especially When incorporated in real time 
or “on the ?y.” 

[0026] In addition, the building blocks of the present 
invention are such that they need not be designed into a 
computer environment; the user may input functions to 
manipulate the operation of the building blocks, and these 
functions can be designed in a Way such that they are easily 
created and incorporated into the overall design scheme. 
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[0027] According to an embodiment of the present inven 
tion, a system is modeled by ?rst de?ning the entities present 
in the system. These entities include “places,”“place region 
s,”“transition regions,”“transitions,” and “arcs.” The 
“places” are more commonly knoWn as the “nouns” of the 
present invention, and de?ne system parameters. These 
nouns are usually “things” sought to be modeled in a system 
such as houses (if modeling a city), cars (if modeling traf?c 
?oW), or military equipment (if modeling military situa 
tions). Nouns usually contain “tokens”iindividual sub 
units of a noun that de?ne, enhance, or limit the noun. For 
example, a “token” for a house in a modeled city could be 
a Water line; a “token” for a car in a modeled traf?c How 
could be a gallon of gasoline; and a “token” for a piece of 
military equipment in a modeled military situation could be 
a 105 mm cannon. In addition, a token can be created to 
represent smaller subsets of tokensifor example, a token 
“vehicle” might exist as an entity that has as its members 
tokens “cars,”“buses,” and “trucks.” 

[0028] The “transitions” are more commonly knoWn as 
“verbs” of the present invention, and de?ne system events. 
These verbs are usually the “actions” sought to be modeled 
in a system such as “open” and “close” in a modeled house 
system, “accelerate” and “decelerate” in a modeled traf?c 
?oW, or “?re” and “release” in a modeled military situation. 

[0029] The links betWeen nouns and verbs are knoWn as 
“arcs.” Arcs de?ne the events that occur to nouns and their 
tokens based on verbs. For example, the verb “open Water 
line” When applied to the noun house in a modeled city 
Would act on the token “Water line” in the noun “house” With 
the verb “open”. And, the verb “accelerate gasoline” When 
applied to the noun car in a modeled tra?ic How Would act 
on the token gallon of gasoline in a manner such that the 
gasoline Would be modeled as being used When the “accel 
erate” verb occurs. Finally, the verb “?re 105 mm cannon” 
When applied to the noun military equipment in a modeled 
military situation Would result in a round of cannon ammu 
nition being expended. Note that tWo types of arcs exist: 
input arcs, Which remove tokens from nouns; and output 
arcs, Which receive tokens to be added to nouns. 

[0030] “Place Regions” and “Transition Regions” de?ne a 
larger or small subset of places and transitions. They are 
containers for places, transitions, and other regions. Places 
and transitions operate and interact via arcs; the regions 
themselves are not directly involved in the interaction. Place 
or transition regions are used to shoW containment or 
association. A group of places or transitions may be oWned 
by, or under the control of, a larger entity, or the places or 
transitions Within a region may share some feature that is 
identi?ed by the grouping. Regions are thus larger building 
blocks from Which a system can be modeled. 

[0031] In another embodiment of the present invention, 
parameters of the building blocks and functions of the 
present invention may be interchanged in a fast yet effective 
manner. Merely replacing one blockia noun or verb, for 
example4can be done seamlessly With the values for the 
neW block interacting Within the model. The entire model 
does not have to be re-done When replacing a blockionly 
that object. Thus, objects can be deleted and/or replaced; the 
end result (and all interim steps) is recalculated in real-time 
(“on the ?y”) based on neW architecture. 

[0032] As indicated, in the present invention objects are 
linked together. Visually, the linking is done by a graphical 

Jul. 5, 2007 

connection: rules are developed to describe information, and 
rules are developed to describe data How. These rules are 
applied to tWo or more objects to link them together, With the 
results of the rules application yielding other objects (as 
embodied by an arc relationship). These other objects may 
be further operated on by other rules/links. The end result is 
a modeled simulation based on objects and links. In addi 
tion, the links can be deleted and/or replaced; end result is 
recalculated in real-time based on neW architecture. As 
indicated, a combination of objects and links can be deleted 
and/or replaced With neW architecture being modeled in 
real-time. 

[0033] The design of the present invention operates in 
computer environment, including the WindoWs environ 
ment, utiliZing Vbasic and C++ language. The computer 
system may be a personal computer system, either stand 
alone or in a netWorked environment. An embodiment of the 
present invention is shoWn by the computer ?les listed in 
Appendix A (attached hereto and provided on DISC 1) in 
conjunction With a computer operating in the Microsoft 
WindoWs environment. 

[0034] In the present invention the user de?nes all states 
(the building blocks), either by creating neW objects or by 
using pre-de?ned objects. The object’s individual status is 
de?ned, the types of actions that can be applied to the object 
are de?ned, and an indicator of When a state change of the 
object can occur is de?ned. The states are created in a 
graphical environment. Next, objects are linked together in 
a graphical environment. Linking is performed using the 
aforementioned noun-verb syntax. Because the system is 
designed to be user-friendly, graphical icons exist, and are 
different, for nouns and verbs. 

[0035] The design of the present invention is thus 
described in declarative sentences of the noun-verb format. 
Graphical arcs shoW the How of information. Data is pre 
sented in nouns (as tokens); and is operated on by verbs 
(representing transitions or functions). Operation on data is 
conditional based on values and characteristics of object. 
This design alloWs the simultaneous execution of processes 
(as Well as independent execution). Finally, in the design of 
the present invention nouns and verbs may be changed; if so 
the resulting process changes as Well. 

[0036] The simulation of the present invention is a simple 
matter of establishing an initial place for each noun (With its 
tokens). This “place” can be established by any means, but 
is usually done by a positional reference (i.e. at geographical 
coordinates x, y, and Z. The “place” can also be established 
With a temporal reference. During the execution of the 
simulation, pre-established functions, related to the transi 
tion verbs, and inherently linked by arcs, related to the place 
nouns (and tokens), describe the simulation and its snapshot 
at any one point. For example, the Engage Treads command 
might be given to a tank, With the verb (engage) operating 
on the noun tank; more speci?cally, on the tokens (treads) of 
the tank. By issuing this arc, a function might be associated 
With the command so as to alloW the physical movement of 
the represented noun in a computer environment. 

BRIEF DESCRIPTION OF 
FIGURES/ DRAWINGS 

[0037] FIG. 1 shoWs an example of the creation of places 
using an embodiment of the present invention in a WindoWs 
computer environment. 
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[0038] FIG. 2 shows an example of the creation of these 
transitions using an embodiment of the present invention in 
a Windows computer environment. 

[0039] FIG. 3 shoWs an example of an embodiment of the 
present invention With places and transitions existing in a 
graphical environment. 

[0040] FIG. 4 shoWs an example of the creation of the 
starting point of arcs using an embodiment of the present 
invention in a WindoWs computer environment. 

[0041] FIG. 5 shoWs the connectivity for places With arcs. 

[0042] FIG. 6 shoWs an air defense system With places and 
arcs. 

[0043] FIG. 7 shoWs an example of the creation of threads 
using an embodiment of the present invention in a WindoWs 
computer environment. 

[0044] FIG. 8 shoWs the incorporation of threads into the 
air defense system. 

[0045] FIG. 9 shoWs an example of the creation of regions 
using an embodiment of the present invention in a WindoWs 
computer environment. 

[0046] FIG. 10 shoWs the incorporation of regions into the 
air defense system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT OF THE PRESENT 

INVENTION 

[0047] For the design of the present invention, the pre 
ferred embodiment uses Hierarchical Colored Petri Nets 
(HCPNs). HCPNs model a system or process. HCPNs can 
be an entire system or a sub-system; a sub-system can be 
used With other HCPNs systems. HCPNs de?ne all possible 
states for a system, and can be represented graphically. 
Hierarchical Colored Petri Nets model systems by explicitly 
de?ning all the possible states for a system and the actions 
that govern the changing of those states. At a base level, a 
system’s possible states and actions provide a static snapshot 
of the system. This snapshot is in the form of the graphical 
representation of the system. Graphically representing a 
system design, hoWever, is not the only goal or possibility 
With HCPNs. System simulation is also a primary goal of 
system modeling and a key aspect to collaborative virtual 
prototyping. System simulation alloWs for the validation of 
a system’s design and an evaluation of a system’s perfor 
mance. If the graphical representation of a system design is 
a snapshot of the system, the simulation is a movie. 

[0048] The present invention represents a modeling and 
simulation method and system utiliZing places, tokens, and 
transitions Within the noun-verb syntax described above. In 
the present invention, nouns represent places Where infor 
mation resides. For example, if an Air Defense system is 
being modeled in the present invention, a noun represents a 
“place” such as an anti-aircraft battery. Nouns contain 
information, and this information dictates system actions 
and/or performance. The information is represented by 
tokens; each noun contains a user-de?ned or system-de?ned 
number of tokens. Tokens are de?ned by data types (eg 
text, integer, date, numerical value). For example: A ?ghter 
aircraft might have tokens for anti-air missiles, air-ground 
missiles, and cannon rounds as data types (three separate 
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tokens). Another token could represent the data type “arma 
ments”, and be de?ned by the union of the three separate 
Weapons data types. The de?nition of this data type can be 
arbitrarily complex, ranging from the simple data type of an 
integer to an arbitrarily complex data type of other simple 
data types. The value of the tokens contained in the place 
Will alWays be Within the set de?ned by the data type. 

[0049] The states a system may reside in are represented 
by a collection of places in a HCPN. Individually, the places 
of a HCPN do not describe the state of the system as a Whole 
but collectively all the places as Well as the tokens they 
contain (the places marking) describe the state of a system. 

[0050] In a graphical representation of the present inven 
tion places are represented by circles and ellipses, With name 
and data type inside. 

[0051] Each place contains a number of tokens With a 
value of the data type for the place. For example, consider 
the place F-l5 from the air defense system having a data 
type of armaments. The armaments data type is de?ned as 
the union of SparroW missiles, SideWinder missiles, and 20 
mm rounds. The F-l5 might contain 4 tokens of SparroW 
missiles, 4 tokens of SideWinder missiles, and 940 tokens of 
20 mm rounds. Initially the place Would have all the tokens; 
hoWever, as threats are identi?ed to the military base and the 
F-l5 is dispatched to eliminate these threats, the F-l5s 
Would expend these tokens. The tokens that the place 
contains at any given time are its marking. Aggregated 
together all of the individual markings of places on the 
HCPN at a given time comprise the marking of the HCPN 
and thus its state. 

[0052] The marking of the place When the system is ?rst 
begun is called the initial marking. This marking is the only 
marking de?ned by the designer of the system. All other 
markings folloW as a result of the Transitions of the systems 
changing the state of the system. 

[0053] In order to develop a complete vieW of hoW a 
modeled and simulated system operates, there must be a 
mechanism by Which the system can move from one state to 
another as time progresses. Actions in HCPNs of the present 
invention are represented by Transitions and Arcs. Transi 
tions are the verbs of a system and represent the actions of 
a HCPN. They represent the method by Which the marking 
of a place can be changed. Transitions change the marking 
of places they are connected to by removing tokens from 
places and adding them to other places. 

[0054] Verbs connected to nouns to operate on the data 
tokens contained in the nouns (for example, the verb Fire 
Missile could be applied to a cannon round data token 
(noun)) The simulation is updated based on operation of 
verb on selected nouns (that is, the data token in the example 
above Would be reduced by a set number of cannon rounds 
after the Fire Missile verb). 

[0055] The rules under Which Transitions ?re are based 
upon the construct, Which connects those Transitions to their 
places. That construct is called the arc (described herein). 

[0056] Graphically Transitions are represented as rect 
angles. The name of the Transition lies inside of the rect 
angle. 

[0057] Arcs de?ne rules upon Which verbs (transitions) 
operate on nouns (data). There are tWo types of arcsiinput 



US 2007/0156374 A1 

and output arcs. Input arcs remove tokens from nouns in 
which they are connected) and allow them to be operated on 
by verbs. Arcs will “evaluate” the token if it is compatible 
(i.e. the value can bind to a variable in the arc expression). 
All variables of arc must match up to data variable for token 
“evaluation”. Arcs may also have an expression in the form 
of a Boolean expression that, upon application of verbs, will 
result in a Boolean result (e.g., TRUE). 

[0058] Output arcs receive tokens on the basis of verb 
operations and are added to nouns. Output arcs follow same 
“evaluation” rules for input arcs. 

[0059] As an example, consider the following, showing 
how input arcs govern the rules and speci?cs of token 
transfer. The Verb might be “Fire Sparrow Missile”, with the 
Noun as an F-l5 airplane. Tokens in Noun F-l5 might have 
the value of data type Sparrow Missile, Sidewinder Missile, 
and Cannon. An Input Arc of the Fire Sparrow Missile verb 
connects to F-l5 noun. The variable in the arc is “Sparrow 
Missile,” upon operation the token having the value “Spar 
row Missile” (NOT the Sidewinder Missile or Cannon 
tokens) “evaluates” to the arc. A guard expression with a 
Boolean TRUE analysis could also be utiliZedithe Verb 
could have a guard expression of “armed,” only those 
noun/tokens that matched this guard (i.e., only those Spar 
row Missiles that were armed in the F-l5 noun) would be 
operated on. Also, Output Arcs also govern the rules and 
speci?cs of token transfer. In this example, as a result of a 
Fire a Sparrow Missile application to an arc with data type 
“undestroyed threat”, one of the tokens in “undestroyed 
threat” would be destroyed and the total data value would be 
modi?ed. 

[0060] As another example, suppose the “Fire a Sparrow 
Missile” Transition had another input arc, this one connected 
to the place Enemy Threats (the Transition now has both an 
input arc and an output arc connected to Enemy Threats), 
and that this new input arc has an arc expression of the 
variable threat, which is de?ned with the data type “unde 
stroyed threat”. This input arc would only evaluate to a token 
if there is a token on the place Enemy Threats with the value 
“undestroyed threat”. The Transition “Fire a Sparrow Mis 
sile would only ?re then if both input Arcs evaluate to 
tokens. If there is an undestroyed threat and the F-l5 has a 
missile, the Transition “Fire a Sparrow Missile” would ?re 
and destroy the threat. This movement of tokens amongst 
places by the ?ring of Transitions is collectively called the 
token game. 

[0061] A system may be modeled by building design 
entities. Basically, as one step of building a HCPN system, 
the present invention de?nes basic properties of entity, 
builds places, builds transitions, and builds place regions 
and transition regions. In de?ning a place, the user of the 
present invention assigns attributesifor example, a location 
in x, y, and Z coordinates. The attributes are then de?ned. In 
de?ning a transition, a user assigns connections by use of 
arcs (connection to places). Connection speci?cs are de?ned 
with variables and ports, and local variables. The input/ 
output places connects local variable of transition to an input 
or output place attribute, and also de?ne functions. The user 
also assigns names, colors, siZe, and other basics. 

[0062] As discussed above, building system designs 
involves building design entities such as places and transi 
tions. Two other design entities may be used in the present 
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inventioniplace regions and transition regions. Place and 
transition regions are HCPNs that contain places and tran 
sitions but behave in a manner of places and transitions. For 
example, instead of having a place F-l5, it could be a place 
region called F-l5 that contains a HCPN that models an 
F-l 5. 

[0063] In the present invention, the method and system 
operates by the following steps. 
[0064] First, the basic properties of an entity (place, place 
region, transition, and transition region) are de?ned. The 
entity is named; since entities may be reusable in the present 
invention, this name should be the most generic name 
applicable to the entity. For example, one might create a 
place named city. A system designer might then create a 
HCPN modeling traf?c ?ow that utiliZes a number of the city 
places. These cities might have more speci?c names such as 
Houston, Dallas, and Austin. 
[0065] If the entity is a place, the next step is to de?ne the 
base places of the new place. The present invention contains 
the framework for creating executable HCPNs. One of the 
requirements for executable system designs is the full speci 
?cation of the entities; i.e. identifying attributes with values. 
Some places will share many of the same attributes. For 
instance a place called F-l5 and a place called Tank will both 
contain the attributes of x, y, and Z position vectors. The 
present invention also incorporates the concept of inherit 
ance from the object oriented world to facilitate place 
development. This is achieved through the use of base 
places. A new place will inherit all the attributes and their 
initial values from base places de?ned for it. Thus, the place 
F-l5 would inherit the position vector attributes if the base 
place Movement Model (which has these attributes de?ned 
for it) is de?ned for it. The place F-l5A would include all the 
attributes of F-l5 if the entity F-l5 was de?ned as a base 
place for F-l5A. In addition, the attributes of a new place 
must be de?ned. A place’s attributes are quantitative 
descriptions of the tokens that reside at the place. A place 
inherits all the attributes of its base places. 

[0066] If the entity is a transition, the connectivity of the 
transition (via arcs) must be de?ned, with the places to 
which the transition connects speci?ed. The connectivity of 
a transition is speci?ed with local variables and ports. Local 
variables in the transition connect to place attributes in the 
input and output places of the transition. The connection is 
speci?ed through the ports of the transitions. These local 
variables can then be acted upon by functions within the 
transition to change attributes of output places. 
[0067] Specifying a transition’s connectivity begins with 
de?ning the local variables; once the local variables of a 
transition have been created, the ports that connect them to 
attributes of the input and output places need to be created. 
Input ports connect to place attributes in input places, output 
ports connect to attributes in output places. 

[0068] Functions of the transition change the attribute 
values of output places for the transition and affect the state 
of the system. Functions do this by combining the input 
place attributes in a function and setting an output variable 
based upon it. Functions require the output port and the 
equation. The output port de?nes which place attribute the 
function sets. The equation of the function speci?es how the 
function combines local variables of the transition. Thus, a 
function could be of the form output port=local variablel * 
local variable2. 
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[0069] All new entities (places, transitions, place and 
transition regions) can have an icon associated with them. 
Icons assist in the graphical representation of the HCPN. 
They allow a viewer to quickly associate an entity with a 
real-life icon that represents the entity. Icons have no impact 
on the execution of an HCPN, and are a graphical repre 
sentation of portions of the present invention. 

[0070] The following is an example of the present inven 
tion operating in a Windows computer environment used to 
model a military base’s air defense system. This military 
base has two primary means of defending itself, a squadron 
of F-l5s and a ground battery of anti-aircraft missiles. It has 
a ground based radar and an airborne AWACS plane scan 
ning the skies for potential threats. In attempting to model 
this system, we ?rst consider the places (nouns) of the 
system. At ?rst glance there are four nouns relating to the 
base (F-l5, Anti-aircraft missiles, ground based radar, and 
AWACS plane) and two relating to the enemy (Enemy 
planes and an Enemy Air Base). The ?rst task is to create a 
project for and then build these places as design entities. 

[0071] Since other bases are expected to design air defense 
systems using HCPNs, a project is creatediin the computer 
program embodiment of the present invention, by project for 
air defense by accessing File >> Choose Project and pressing 
the “New” button. 

[0072] Next, air defense places are built. Six such places 
may be built in this example: F-l5, Anti-aircraft missile, 
Ground Based Radar, AWACS plane, Enemy Planes, and 
Enemy Air Base. These places are assigned to the air defense 
project created above and saved as a new system design. An 
example of the creation of these places using the present 
invention in a Windows computer environment is shown in 
FIG. 1. 

[0073] Next, the air defense transitions are built. The 
following transitions may be built in this example: Enemy 
Planes Attack (this will represent enemy planes taking off 
from the enemy air base and attacking the friendly air base), 
Identify enemy on AWACS radar, Identify enemy on Ground 
Based Radar, Share Target Information over Integrated 
Battle Network, Attack enemy from Anti-aircraft missiles, 
Attack enemy from F-l5. After creating these transitions 
(associating them with the project Air Defense) they are 
placed in the system design. An example of the creation of 
these transitions using the present invention in a Windows 
computer environment is shown in FIG. 2. 

[0074] When done, the model of places and transitions can 
exist in a graphical environment as shown in FIG. 3. 

[0075] The next step in developing the military base air 
defense system design is to link the places and the transitions 
using arcs. For an arc, a starting link and ending link (of 
either transitions or places) must be speci?ed. Transitions 
may not arc to transitions and places may not arc to places. 
Places may only be connected to transitions that have them 
de?ned as an input or output place. These de?nitions are 
established while creating or editing a transition. In the 
present example connectivity de?nition can not take place 
for speci?c instances of transitions. Therefore if transitions 
with inappropriate connectivity de?nition are instantiated in 
a system design, the transitions must be edited and reinserted 
into the system design. An example of the creation of the 
starting point of these arcs using the present invention in a 
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Windows computer environment is shown in FIG. 4. The 
connectivity for all places with arcs is de?ned as shown in 
FIG. 5. An embodiment of an air defense system with places 
and arcs is shown in FIG. 6. 

[0076] Next, threads for the system design are established. 
Threads provide a way to identify and recogniZe separate 
processes in a HCPN. For example, in the air defense system 
design an air response thread and a ground response thread 
could be identi?ed. The air response thread would include 
the AWACS plane, the F-l5 and the associated transitions. 
The ground response thread would include the ground based 
radar, the anti-aircraft missile battery and the associated 
Transitions. Identifying these threads in the system design 
allows the identi?cation of critical places and Transitions 
used by multiple threads. Once the thread has been created 
it must be applied to the system design. Threads are added 
to arcs. An example of the creation of threads using the 
present invention in a Windows computer environment is 
shown in FIG. 7. The incorporation of threads into the air 
defense system of the present embodiment is shown in FIG. 
8. 

[0077] The system can also utiliZe place region and tran 
sition region entities. Region de?nition must occur with the 
entities themselves, not with speci?c instances of regions. 
Once the appropriate places and transitions have been iden 
ti?ed for combination in a region, a region should be created 
and the places and transitions to be contained de?ned within 
it. 

[0078] Thus, a system can be modi?ed to use a place 
region to replace the transition Enemy Planes Attack and the 
places Enemy Planes and Enemy Base. Arcs must also be 
de?ned and connected to the place region. Similarly, a 
design can be modi?ed by replacing the Share target infor 
mation transition with a transition region. 

[0079] An example of the creation of regions using the 
present invention in a Windows computer environment is 
shown in FIG. 9. The incorporation of regions into the air 
defense system of the present embodiment is shown in FIG. 
10. 

[0080] Design entities (places and transitions) and regions 
can be modi?ed in two different ways: changing the entity 
or regions themselves or changing speci?c instances of the 
entity or region. Entities and regions are stored in the 
database. They exist outside of and apart from any system 
design. Speci?c instances of entities and regions exist only 
in the context of a speci?c HCPN. Speci?c instances of 
entities and regions are built from the entities and regions 
stored in the database. If no projects are selected for, 
modelers will be able to created system designs using 
generic places, transitions, and regions. These generic enti 
ties are not built from entities stored in the database and 
designs constructed from them can not be simulated. 

[0081] In addition, the embodiment of the present inven 
tion running in a personal computer environment might 
utiliZe a Design Blueprint and Design Navigator to model 
and simulate a process. Running in a computer program, a 
user seeks to construct a system design of an air defense 
system. To begin that process, the user builds the entities and 
regions from which the air defense HCPN will be built. 
Those entities and regions are built and stored in a database. 
One of those instances might include a place named F-l5. 
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When the air defense system design is being constructed, 
several of the F-l5 places may be added (e.g. Captain 
Baker’s and Lieutenant Wright’s) to the HCPN. Each F-l5 
in the model is a speci?c instance of the place F-l5. Thus, 
While Captain Baker’s and Lieutenant Wright’s F-l5s Will 
have the same attributes, those attributes Will likely contain 
different values (eg their x, y, and Z position coordinates). 
Modifying the properties for speci?c instances of entities 
Will only affect that speci?c instance of the entity. Modifying 
the properties of the entity in the database Will change the 
default properties for all speci?c entities instantiated from 
that entity in the future. 

[0082] For the place entity, the folloWing components 
exist in an exemplary embodiment. 

[0083] Places are represented by ellipses in the Design 
Blueprint. 

[0084] The properties of a place may be accessed by 
editing the place. To edit a place in the computer environ 
ment, the user selects File >> Open, selects Entity from the 
Functions dialogue, then selects the appropriate entity to edit 
from the Choose Entity dialogue and presses the Continue 
button. The properties of the place can be edited by right 
clicking on the place in the 

[0085] Design Blueprint or Design Navigator: The prop 
erties of a speci?c instance of a place may be accessed by 
right clicking on the place in the Design Blueprint or Design 
Navigator in a system design containing instances of the 
place. The properties dialogue contains a tab for the folloW 
ing groups of properties: Entity, Base places, Attributes, 
Icon, Name, Color, and Size. 

[0086] General settings for the entity are created. The 
Entity Type ?eld has the value place, representing that the 
selected entity is a place. The Entity Name ?eld contains the 
place’s generic name. This ?eld is not modi?able for speci?c 
instances of entities. The projects the entity is assigned to are 
listed to the right. All projects are listed. Entities can be 
added and removed from projects by adjusting the checkbox 
next to the project appropriately. The projects to Which a 
speci?c entity belongs can not be modi?ed individually. 
Only projects the entity belongs to are listed. 

[0087] Base places provide an inheritance mechanism for 
model development. Places inherit the attributes of their 
base places. For instance if the base place vehicle contains 
the attributes x, y and Z (position coordinates). All places 
that list vehicle as a base place Will contain those same 
attributes. Additionally, transition connectivity is passed on 
from base place to inheriting place. For instance if the 
transition move alloWs an input and an output connection to 
the place vehicle, then the place tank, Which inherits from 
the base place vehicle Will also be able to form an input and 
output connection to the transition move. All places may 
serve as base places for other places. 

[0088] In the present embodiment, the entities available to 
be base places for the place appear to the user; neW base 
places are added by selecting them, and base places can be 
removed from a place. 

[0089] Attributes give de?nition to places. A user might 
enumerate the characteristics of places With attributes. For 
example, the place tank might have the attributes fuel level, 
ammunition available, and the like. The name, type, initial 
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value, minimum and maximum values for the attributes of 
the place can be selected, as Well as attributes inherited from 
base places. Attributes can be added or deleted, and the 
name, value, minimum, and maximum value of attributes 
can be edited. 

[0090] The icon that represents the place in a HCPN can 
be modi?ed. The speci?c name of the entity can be modi?ed. 
The speci?c name provides a Way to differentiate betWeen 
multiple instances of the same entity in a system design. In 
the design blueprint WindoW, the name format for an entity 
is <generic name: speci?c name>. Modifying the speci?c 
name for an entity changes the default speci?c name for 
neWly instantiated entities. The speci?c name, text align 
ment, font, formatting, color, siZe, and other physical prop 
erties can also be edited and modi?ed. 

[0091] For the place region entity, the folloWing compo 
nents exist in the exemplary embodiment. 

[0092] Place regions are represented in the Design Win 
doW by a box (container) With an ellipse in the upper left 
corner. 

[0093] The properties of a place region may be created 
and/or modi?ed by the folloWing groups or properties: 
entity, icon, name, color, and siZe. The Entity Type ?eld has 
the value place Region, representing that the selected entity 
is a place region. The Entity Name ?eld contains the place 
region’s generic name. This ?eld is modi?able for generic 
entities. The icon that represents the place in a graphical 
HCPN can be modi?ed. The speci?c name of the entity can 
be modi?ed from the Name tab. The speci?c name provides 
a Way to differentiate betWeen multiple copies of the same 
entity in a system design. In the design blueprint WindoW, 
the name format for an entity is <generic name: speci?c 
name>. Modifying the speci?c name for a generic entity 
changes the default speci?c name for neWly instantiated 
entities. Finally, the color and siZe of the place region may 
be created and/or modi?ed. 

[0094] For the transition entity, the folloWing components 
exist in the exemplary embodiment. 

[0095] Transitions are represented by rectangles in the 
Design WindoW. 

[0096] The properties of a Transition may be accessed by 
a user manipulating the Design Blueprint or Design Navi 
gator. This Will cause the Properties WindoW to appear. The 
properties WindoW contains a tab for the folloWing groups of 
properties: Entity, Connectivity, Local Variables, Input-Out 
put Connections, Functions, Icon, Name, Color, Size, and 
Attributes. 

[0097] The Entity Type ?eld has the value Transition, 
representing that the selected entity is a transition. The 
Entity Name ?eld contains the transition’s generic name. 
The projects the entity is assigned to appear on can be listed. 

[0098] Transitions connect to places via arcs. The places 
that a transition can connect to are de?ned When the entity 
is created. The connectivity of a transition is technically 
speci?ed With local variables and ports. Local variables in 
the transition connect to place attributes in the input and 
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output places of the transition. The connection is speci?ed 
through the ports of the transitions. These local variables can 
then be acted upon by functions Within the transition to 
change attributes of output places. Specifying a transition’s 
connectivity begins With de?ning the local variables. Once 
the local variables of a transition have been created, the ports 
that connect them to attributes of the input and output places 
need to be created. Port generation occurs by the user 
manipulating the program so as to set the attributes; Input 
ports connect to place attributes in input places, output ports 
connect to attributes in output places. 

[0099] Functions of the transition change the attribute 
values of output places for the transition and affect the state 
of the system. They do this by combining the input place 
attributes in a function and setting an output variable based 
upon it. NeW functions require tWo pieces of information, 
the output port and the equation. The output port de?nes 
Which place attribute the function sets. The equation of the 
function speci?es hoW the function combines local variables 
of the transition. 

[0100] The icon, name, color, siZe, and other physical 
representation characteristics can also be created and modi 
?ed by the user. 

[0101] For the transition region entity, the folloWing com 
ponents exist in an exemplary embodiment. 

[0102] Transition Regions are represented in the Design 
WindoW by a box (container) With a rectangle in the upper 
left comer. 

[0103] The properties of a place region may be created 
and/or modi?ed by the folloWing groups or properties: 
entity, icon, name, color, and siZe. The Entity Type ?eld has 
the value Transition Region, representing that the selected 
entity is a transition region. The Entity Name ?eld contains 
the transition region’s generic name. This ?eld is modi?able 
for generic entities. The icon that represents the transition in 
a graphical HCPN can be modi?ed. The speci?c name of the 
entity can be modi?ed from the Name tab. The speci?c name 
provides a Way to differentiate betWeen multiple copies of 
the same entity in a system design. In the design blueprint 
WindoW, the name format for an entity is <generic name: 
speci?c name>. Modifying the speci?c name for a generic 
entity changes the default speci?c name for neWly instanti 
ated entities. Finally, the color and siZe of the transition 
region may be created and/or modi?ed. 

[0104] For the process entity, the folloWing components 
exist in the exemplary embodiment. 

[0105] The structure of the process entity is the arc; arcs 
are represented by arroWs in the Design WindoW. An arc’s 
properties include its color threads, and attributes, all of 
Which may be created and modi?ed by the user. 

[0106] The above example is but one embodiment of the 
present invention, operating on a personal computer, to build 
and simulate a complex according to the present invention. 

[0107] As Will be understood by those skilled in the art, 
many changes in the apparatus and methods described above 
may be made by the skilled practitioner Without departing 
from the spirit and scope of the invention. 
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APPENDIX A 

The format is as follows: 

FILE NAME 
Creation Date and Time Size (kb) 

AnimationVieW. cpp 5 ,3 54 
05/22/2003 7:36 pm 
AnimationVieW.h 2,064 
03/06/2003 11:56 pm 
Arc.h 3,605 
09/09/2003 8:07 pm 
ArcTool.cpp 5,032 
09/29/2003 6:09 pm 
ArcTool.h 969 
12/05/2002 7:37 pm 
Attributecpp 2,409 
10/21/2003 8:42 pm 
Attributeh 915 
09/10/2003 2:28 am 

AttributeDoc.cpp 12,528 
09/28/2003 9:37 pm 
AttributeDoc.h 2,396 
09/24/2003 8:39 pm 
AttributeMap.cpp 8,150 
10/21/2003 8:42 pm 
AttributeMap.h 1,899 
09/10/2003 2:28 am 

AttributePage.cpp 18,156 
10/20/2003 4:53 pm 
AttributePage.h 2,026 
07/22/2003 1:50 am 

AttrToPort.cpp 3 ,167 
03/10/2003 5:58 pm 
AttrToPort.h 1,465 
12/02/2002 7:00 pm 
BaseEntityPage.cpp 13,714 
01/03/2003 12:39 am 

BaseEntityPage.h 2,200 
12/24/2002 5:49 pm 
BaseObject.cpp 0 
10/26/2003 1:41 am 

BaseObject.h 4,778 
09/16/2003 3:54 pm 
BasePlacesList.cpp 3,590 
07/21/2003 10:11 pm 
BasePlacesList.h 1,179 
07/21/2003 10:11 pm 
Breakpoint.cpp 2,427 
09/10/2003 2:28 am 

Breakpointh 1,042 
09/10/2003 2:28 am 

BreakpointManagercpp 9,025 
09/10/2003 2:28 am 

BreakpointManagerh 2,044 
09/10/2003 2:28 am 

BreakpointsList.cpp 19,648 
10/20/2003 4:53 pm 
BreakpointsList.h 1,537 
09/10/2003 2:28 am 

ChildFrm.cpp 2,412 
07/22/2003 3:07 am 

ChildFrrnh 1,608 
05/28/2003 4:22 pm 
ColorComboBox.cpp 4,259 
01/24/2002 3:28 pm 
ColorComboBox.h 1,291 
12/18/2001 3:27 am 

ColorPage.cpp 3,697 
12/20/2002 10:31 pm 
ColorPage.h 1,627 
11/19/2002 3:13 am 

ConnectionsPage.cpp 3 ,316 
09/30/2003 6:32 pm 

ConnectionsPage.h 1,305 
02/02/2003 10:41 pm 
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APPENDIX A-continued APPENDIX A-continued 

The format is as follows: The format is as folloWs: 

FILE NAME FILE NAME 
Creation Date and Time Size (kb) Creation Date and Time Size (kb) 

ConnectionsRecord.cpp 996 FinishPagecpp 1,948 
01/03/2003 3:51 am 06/24/2003 7:52 am 

ConnectionsRecord.h 822 FinishPageh 1,406 
01/03/2003 3:48 am 05/01/2003 6:59 pm 
ConnectionsSetcpp 5,574 Functioiicpp 20,396 
08/25/2003 10:00 pm 10/21/2003 8:42 pm 
ConnectionsSeth 1,637 FILHCtIOlLh 3,334 
03/19/2003 1:12 am 09/26/2003 11:20 pm 
Convertcpp 21,092 FunctionArray.cpp 2,182 
08/12/2003 9:36 pm 10/21/2003 8:42 pm 
Converth 2,295 FunctionArray.h 1,012 
04/26/2002 5:15 pm 10/21/2003 8:42 pm 
DBWrappercpp 29,481 FunctionPagecpp 19,254 
08/12/2003 9:36 pm 10/21/2003 8:42 pm 
DBWrapperh 4,402 FunctionPageh 2,307 
06/05/2003 12:37 am 10/21/2003 8:42 pm 
DEditcpp 21,461 FunctionsMap.cpp 2,130 
08/24/2003 7:17 pm 07/21/2003 1:36 am 

DEdith 2,956 FunctionsMap.h 895 
09/10/2003 2:28 am 07/21/2003 1:36 am 

DEditDBDoc.cpp 9,092 GlobalFunctionscpp 474 
09/30/2003 6:36 pm 09/30/2003 6:22 pm 
DEditDBDoc.h 1,726 GlobalFunctionsh 1,124 
09/30/2003 6:36 pm 09/10/2003 2:29 am 

DEditDoc.cpp 42,540 Icon.cpp 1,944 
10/21/2003 12:28 am 06/27/2003 6:12 pm 

DEditDoc.h 6,054 Icon.h 962 
10/20/2003 4:53 pm 06/27/2003 6:12 pm 
DEditListCtrLcpp 12,688 IconPagecpp 3,975 
07/30/2003 8:30 pm 02/13/2003 7:32 pm 
DEditListCtrLh 2,876 IconPageh 1,5 24 
07/30/2003 8:30 pm 11/19/2002 3:11 am 

DEditRes.cpp 12,328 IconsArray.cpp 4,714 
07/31/2003 9:17 pm 03/24/2003 8:10 pm 
DEditRes.h 2,791 IconsArray.h 1,195 
11/11/2002 11:17 pm 11/11/2002 9:12 pm 
DEditVieW.cpp 49,252 IconsMenu.cpp 5,140 
09/30/2003 2:27 am 07/31/2002 10:25 pm 
DEditVieW.h 6,200 IconsMenu.h 1,029 
09/10/2003 2:29 am 05/22/2002 7:21 pm 
DesignVieWcpp 27,242 InObjCornbocpp 1,474 
09/30/2003 2:27 am 07/30/2003 8:29 pm 
DesignVieW.h 2,540 InObjCornboh 1,273 
05/28/2003 6:02 pm 05/06/2003 11:01 pm 
Entity.cpp 1,312 InObj REditcpp 6,173 
06/26/2003 5:22 pm 07/30/2003 8:37 pm 
Entity.h 772 InObjREdith 1,575 
11/20/2002 1:14 am 07/27/2003 8:52 pm 
EntityPagecpp 8,543 LeftViewcpp 24,901 
09/24/2003 10:25 pm 07/22/2003 1:50 am 
EntityPageh 1,758 LeftVieW.h 4,065 
08/11/2003 6:33 pm 07/22/2003 1:50 am 
Equation.cpp 13 ,407 MainFrrn. opp 21,697 
10/22/2003 7:30 pm 09/28/2003 11:25 pm 
Equation.h 1,981 MainFrrn.h 3 ,180 
09/26/2003 11:16 pm 09/28/2003 10:55 pm 

EXecutionThread.h 1,9 84 NeWOpen. opp 1,6 60 
10/01/2003 1:06 am 06/23/2003 12:38 am 

EXecutionToolBarcpp 6,873 NeWOpen.h 1,292 
09/29/2003 4:06 pm 11/20/2002 6:12 pm 
EXecutionToolBarh 1,742 ParentListcpp 2,5 64 
09/17/2003 5:49 pm 07/22/2003 1:50 am 

EXecutionWnd.cpp 1,310 ParentListh 913 
10/20/2003 4:53 pm 07/22/2003 1:50 am 

EXecutionWnd.h 1,359 Placeh 1,889 
09/29/2003 11:43 pm 09/16/2003 3:54 pm 
EXtProcessPagecpp 7,060 PlaceReg.cpp 4,839 
09/26/2003 8:53 pm 07/08/2003 9:21 pm 

EXtProcessPageh 1,715 PlaceReg.h 1,162 
09/26/2003 8:39 pm 06/27/2003 12:56 am 










