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Abstract fairly low level, so the visualizations become rather large

and dense. Hence, the graphs are clustered to raise their
Dynamic program visualization, i.e. the visualization of level of abstraction and obtain a more meaningful visual-
the runtime behavior of a program as opposed to the static ization.
structure of its source code has been investigated for var-  Design documents such as UML sequence diagrams vi-
ious kinds of programs, usually on a fairly low level. The sualize the desired runtime behavior of a program but they
focus has been on control flow in procedural programs or do not show its actual behavior. There is still the need to
on the communication between objects in object-orientedcheck whether the implementation really follows the de-
programs. sign. Formal verification methods to check this would be
In this paper, we explore the usefulness of dynamic pest, but they are costly. Program visualization offers a
program visualization for component programs. We dis- convenient way to discover discrepancies between the de-
cuss how to visualize component-programs and motivatesign and the actual implementation. By visually presenting
the need for a proper visualization of the communication the actual program analysis results, it allows a comparison
among these components. We present a three dimensionalith the desired behavior. However, since program analy-
visualization and show the integration into tH@TAGENT sis techniques are only infrequently taught to software en-
component development environment. gineers and analysis tools are often separate from develop-
ment tools, developers avoid using these tools, and discrep-
ancies go unnoticed. But if program analysis tools were

1. Introduction integrated into development tools, developers would be en-
couraged to use them.
Component technology gaining importance for the de- In this paper, we explore program analysis and visu-

velopment of various kinds of software. Johnson [7] ex- alization techniques for component programs. We focus
plains that building applications using components is very on dynamicanalysis of component programs and propose
efficient. The reuse aspect of components is obvious. Inmeaningful three dimensional visualizations for the anal-
addition, applications built from components are not only ysis results. We present the dynamic analysis toolrH
easier to create but they are more reliable and maintainableAGENT VISUALIZE which is implemented as part of the
Programanalysisis a means for understanding and ex- HOTAGENT component development environment. It takes
ploring the structure and behavior of a program. It can fo- a two-dimensional visual component program that has been
cus on two different facets of this problem: static analysis constructed with WTAGENT ASSEMBLY and extends it to
uses the source code of a program whereby dynamic analthe third dimension. The third dimension represents the
ysis investigates the runtime behavior of a program. Vari- time and allows the whole measured runtime behavior of
ous kinds of graphs are used\asualizationtechniques to  the program to be visualized in one rotatable 3D-Figure.
show results of the analysis. In static analysis, source codeBy keeping to the structure of the two-dimensional visu-
artifacts such as data types, functions, variables and theirally constructed program, the developer does not have to
relationships are visualized, whereas in dynamic analysis,rethink the correlations between the components. Through
scenario, sequence and state diagrams are shown. The infothe tight integration with the rest of the environment, we
mation gathered during the initial analysis steps is usually aim to achieve high acceptance by developers that are al-



ready familiar with the WTAGENT environment. Thisnew  trances could be callegquires portsand the exitprovides
approach, i.e. the visualization of a program’s execution ports But in contrast to the model ofiler and Rosenblum,
based on the static visualization given by a visually com- an entrance can not only receive data but also produce a re-
posed program is a worthwhile extension for every compo- sult depending on the component. An exit is activated if a
nent development environment. component has to show any change by providing the appro-
The HOTAGENT [11] development environment is pre- priate data. To compose components, exits are connected
sented in [13]. It is a component framework to construct with entrances.
agents for electronic commerce. The framework provides
a special set of components to facilitate the constructi_on 2.2. Dynamic Analysis
of agents. The agents could undertake the task of doing
routine work, such as analyzing electronic documents, ex-
tracting important information, and composing an answer or
a form. The FOTAGENT development environment offers
different tools to develop components, to test components, 4 X
and to compose agents using components. or c_omponents is gathgred. In many cases, dynamic analy-
In Section 2, we discuss the basic concepts of compo-SiS IS also used for testing software.
nents, analysis, and visualization. In Section 3, the com- _ N contrast to static analysis, where only the source code
ponent model used by &rAGENT is presented. The com- ofa program is analyzed, d_ynamlc analysis starts during Fhe
ponent program visualization tooldtAGENT VISUALIZE, execut|or_1 of a program which means that at least a running
which is based on dynamic program analysis, is presented’rogram is needgd, even though.|tdoes not necessarily have
in Section 4. Other parts of thedtAGENT development to be correct. While static analysis can also be performed on

environment are described in Section 5. Section 6 present$OUrce code that is not even compilable, dynamic analysis
some related work. The paper concludes with a summaryn€€ds a compiled program.

and a discussion of future work in Section 7. Since dynamic analysis is performed while the program
runs, it is important that the analysis does not slow down the
program significantly to avoid a change of the program’s
behavior. Reiss [19] explains that an inexpensive data col-

] ] . ~__ lection technique is needed to ensure that the analysis does
To discuss dynamic component program visualization, it 3ot have an impact on the program being analyzed.

is necessary to _first define the term component. Later on,  souderet al. [20] propose to include a filter mechanism
dynamic analysis of component programs and program Vi-j, the analysis tool. During the analysis, it is possible that

sualization can be discussed. a lot of data accrues. All of that data has to be processed
but only a subset of it may be of interest, e.g., if only a

Dynamic analysis is used to describe the runtime behav-
ior of a program. During the execution of a program, infor-
mation on the communication between functions, objects,

2. Basic Concepts

2.1. Components part of a system needs to be analyzed. To limit the amount
) _ . ) of information generated during the dynamic analysis of a
Szyperski [23] defines: “Aomponents a unit of com-  program, a tool should allow the specification of rules to

position with contractually specified interfaces and explicit configure exclude and include filters.

context dependencies only. A software component can bé  gjnce we understand a component as a block with en-

detployed' independently and is subject to composition by rances and exits [14], it is practicable to record the data

third parties.” exchanged between exits and entrances of the compo-
According to Liier and Rosenblum [9, 10], & cOMPO- nents. This sequence reflects the communication between

nent should have a public and a private partcdnponent  {he components during the execution of the program. Using
implemented by an object oriented programming languagehs set of data points, it is also possible to find a failure by
consists of several classes which are encapsulated by a Secromparing it with a desired sequence.

of well defined interfaces. Thiaterfaceis the sole public
part of the component. All other classes of the component ) N
are private. Therefore, no knowledge about their structure2'3' Program Visualization
and behavior can be assumed for dynamic analysis. The

interfaces ensure theommunicatiorbetween all the com- After analyzing a program, it is necessary to process the
ponents. data and to find a proper visualization.
In our component model, every component provides Myers [17] categorizes program visualization. The vi-

trancesandexits Communication between components is sualization scope defines the kind of data to visualize, e.g.,
possible only through these public entrances and exits. Us{program code, data, or algorithms. The second category is
ing the notation of ber and Rosenblum [9, 10], the en- the kind of visualization, either static or dynamic. Visual



development environments already provide static visualiza-terprise Java Beans), CCM (CORBA Component Model),
tion. or COM+ (Common Object Model). Instead, a small com-
Visualization must not be confused with visual program- ponent model is used. The advantage of a small model is
ming. Visual programming means to construct a program that it is easier to use with a lower overhead, which allows
visually whereas program visualization concerns the pre-a user to focus on component usage. Inter-component com-
sentation of a program, no matter how it was constructed.munication only relies on aingle common interfacthat
Visualization is helpful for understanding a program. Soft- each component has to implement. It is also based on an
ware engineers who are not familiar with a given program event mechanism which is common to all component mod-
can get a better impression of its functionality. Especially els mentioned above. It is not hard to transfer the small
in object-oriented and component-oriented programming, it model to a more complex one.
is hard to understand the correlations within a large pro- The component model is implemented in VisualWorks
gram and the program’s runtime behavior while just using Smalltalk. A component relies only on one common inter-
the source code. Usually UML is used to visualize pro- face to communicate with other components. The interface
grams, but as mentioned earlier, often the diagrams are nots the sole public part of all components. All other classes
correlated with the actual coding or the real runtime behav- that are a part of each component are private. This approach
ior. It is desirable to present the actual relationships in a enables all components to communicate with each other in-
program in a graphical way. As it is important that the vi- dependently of their tasks.
sualization is clear, the information needs to be presented Lier and Rosenblum [9, 10] demand self documentation
in an abstract way and the presentation must not be over-of components. The BITAGENT component model offers
loaded with details. Soudest al. [20] add that different  three kinds of documentation. The first is a short unique
views are necessary. Each view can present different infor-descriptive namef the component, e.geMail, which is
mation in a clear way, and so multiple views can present astored in a global name space. To have the opportunity to
good overview of a program. sort the components into different categories, every com-
Program visualization is not a new technique. Wiggins ponent has oneategory namee.g.,data management.
[24] investigates several simple and more complex tech- This is also used to locate components in an easy way. If a
nigues, starting from flowcharts, Nassi-Scheidemann dia-component is chosen, it is necessary to check that it is the
grams, movies, to pretty-printing. There are also tools right one for the task at hand. To do this, a component has
which can automatically create a visualization using theseadescriptive texto give an impression of its features.
technigues. In some cases, animation can be helpful for a If an instance of a component is created, it is important
better understanding of concepts. to assign a uniqumstance nameThis name is only known
According to Reiss [19], past visualization tools posed in the composed agent and can be used to identify the com-
problems in that they were difficult to use or unable to han- ponent during runtime.
dle large volumes of data. To solve these problems, a vi- The interface of a component ensures the communica-
sualization tool needs to be able to handle a large amountion between the components. Every component provides
of data or provide proper filtering technigues to reduce the so called entrances and exits. Antrancecan receive data
data. The presented visualizations must not be difficult to and produce a result, depending on the component func-
handle, but at the same time present sufficient data. tionality. An exitis activated if a component has to notify
To visualize the runtime behavior of component pro- its environment about a change in its internal state. It sup-
grams, we record the communication between the compo-plies all necessary data and can process a possible result.
nents during runtime, filter the information if desired and Since Smalltalk is an untyped programming language, the
build a three-dimensional communication graph afterwards. data can be of any type. It is only possible to communicate
Two dimensions are needed to represent the connections baising these public entrances and exits. To compose com-
tween the components visually. The third dimension repre- ponents, exits can be connected with entrances. Similar to
sents the time, strictly speaking the runtime. This allows the component, every entrance and exit hamaeand a
a comparison between the measured runtime behavior andlescriptive texto allow self documentation. It is important
the static program in a very clear way. After a short descrip- to describe the data provided by an exit and needed for an
tion of our component model, we present this idea and its entrance.
implementation in more detail in chapter 4.

4. HotAgent Visualize
3. HotAgent Component Model

HOTAGENT VISUALIZE is part of the OTAGENT sys-
The HOTAGENT development environment is not based tem. It visualizes the measured runtime behavior of a com-
on one of the well-known component models like EJB (En- ponent program that has been visually constructed with the



HOTAGENT ASSEMBLY tool. The visually constructed | N

program is two dimensional. Components are represented

by icons. The communication channels between them, i.e, .
the connections between exits and entrances, are shown 3 from: andy.sick@gme.net A
colored arrows with short descriptions. OHAGENT V- to: doctar@hospital.com

SUALIZE uses this figure to extend it to the third dimen- sblaljze [ el

sion which represents the runtime. The components be- text

come cuboids and the recorded communication is shown Hil

by placing _des_cending arrows between them. The height(_) | have a bad cought and need to snift. What can |

a communication arrow represents the time the communi- a7

cation occurred. As the cuboids can hide each other in th I

picture a navigation allows a good view of all details. Andy /

In subsection 4.2 the BiTAGENT ASSEMBLY tool is de-
scribed in more detail. A description of the dynamic analy-
sis process used to check how the connections represent
by arrows are used during runtime is given in the second
subsection 4.3. HTAGENT VISUALIZE, which finally con-
structs the 3D figure showing the measured communication,
is presented in the last subsection 4.4. But first we introduce.

Submit |

Figure 1. Question to the Medical Agent

the example we use to demonstrate theTGENT VISu- Medical Aduisory Service = E ]
ALIZE tools.
from: doctor@hospital com A
4.1. Example Agent to: andy.sick@gmi.net
subject: I'm sick?
The Medical Advisory Service agent [2] is an agent test:
which receives patients’ symptom descriptions and analyzeg Hil
them for matches with symptoms of known medical dis-
eases. If the agent finds a disease it answers with a proposa you have a cold. &5 a possible drug we propose
foradrug_ 'Remove Cald'.
Patients are intended to communicate with the agent vial
email. For simplification of the prototype program we built Docto] /
a user interface that simulates the email handling. The use
types the email-text in a dialog box and the “sending” of the Subimit |
“email” is done by pushing a button. The dialog box is also

used to show the answer-email of the agent.

Figure 1 and 2 display the user interface of the running Figure 2. Medical Agent's answer
program of theMedical Advisory Service agent. Figure 1
shows a patient’s question and Figure 2 the answer received

from the agent. searches for known symptoms. Thgmptom database
(ISDB) is queried to find a disease and theig database
4.2. Visual Programming (MIDB) is queried for a potential drug to cure the patient.
The remaining two components serve for email-handling.
The HOTAGENT ASSEMBLY editor, presented in [12], The first thing to do when designing an application is
can be used for application composition. Agents can beto choose a position for a new component on a workspace.
composed visually using predefined components. Components can be classified into two different types: (i)

TheMedical Advisory Service agent including the user  Vvisible components representing an element of a graphical
interface [2] has been visually constructed with this editor. user interface (GUI) and (i) invisible components like a
The built visual program is shown in Figure 3. It consists database without any visual representation. The workspace
of eight components. Two user interface components build of the HOTAGENT ASSEMBLY editor consists of two parts:
the visible part of the agent: the dialog box and the push-the main part that accepts only invisible components and
button. The other six components are invisible. Thetrol a frame on which visible and invisible components can be
component is the central steering mechanism of the agentplaced.

The text analyze component investigates the email and Once the developer has indicated a position on the
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Figure 3. HOTAGENT ASSEMBLY editor

workspace, a dialog window for the selection of a com- and the email component, purple for the communication be-
ponent appears. When all required components have beetween user interface components, pink and green arrows be-
placed onto the workspace, it is hecessary to connect themtween controller and data bases (pink for the initialization
In order to create a connection, a source component needand green for the query during runtime), and brown arrows
to be selected. Once this has been done, a handle of th&etween controller and text analysis. Every connection has
selected component can be dragged onto the target compaa short text to describe its task.

nent. After finishing the drag, another dialog window pops

up which can be used to select the corresponding exits andt.3. Dynamic Analysis

entrances. In addition, connections can be labeled and col-
ored. Dynamic Analysis starts with the gathering of data. The

visualization scope (see above, Section 2.3) foTAGENT
Connections are displayed using different colors, as VISUALIZE is to show the communication between compo-
shown in Figure 3. In this example, the developers usednents. Therefore, the communication between all compo-
the secondary notatiorolor to distinguish their purposes. nents must be recorded.
They chose red for the communication between the control It is infeasible to make extensive changes to a program’s



Figure 4. Program Visualization

source code just for the purpose of gathering data for dy-set of data is written in a sequenced list. The list can be ana-
namic analysis. On the one hand, it is difficult to ensure lyzed after program execution. Sou@al. [20] propose to
that the changes are made in the right places. On the othemclude a filter mechanism. BfAGENT VISUALIZE offers
hand, the changes need to be removed again when the codidters to include or exclude whole components or specific
is to be deployed. The advantage of thetAGENT com- entrances or exits of components. By specifying a filter, the
ponent model is that all components are derived from oneamount of data to visualize can be reduced significantly.
class, so changes need to be made to this class only. In addi-

tion, co_mmunication is managed by only one method. Thus, 4 4 visualization

only this method needs to be changed. This reduces the

risk for additional failures and prevents the application from ) o

being slowed down very much. Some programming lan- '€ Visualization tool IOTAGENT VISUALIZE pre-
guages offer the ability to compile single classes or meth- S€ntéd in this paper is based on the visual component as-
ods. As we use Smalltalk, we can benefit from this feature. SEMbly editor FOTAGENT AssemBLY. To facilitate the
To perform the dynamic analysis, we replace the communi- program analysis for the devgl_oper, the two_-dlmen5|onal Vi-
cation method by one that records all messages sent besided!@lization from the composition process is taken and ex-

handling the communication tasks and compile it. Once the t€nded in the third dimension which represents the execu-
dynamic analysis is finished, the original method is used tion séquence. Components are shown as cuboids with the
again. third dimension representing their lifetime. As the visual-

ization developed is similar to the view presented in the vi-
The data we gather during the analysis consists of thesual component assembly editor, the programmer does not
source component name, its exit name, the target compohave to rethink the program structure, but can easily recog-
nent name, its entrance name, and the transported data. Thisize the communication (see also Giesl [6]).
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Figure 5. Visualization Derived from  HOTAGENT ASSEMBLY editor

The runtime behavior of the program is visualized by Figure 5. A convenient way for the developer to compare
placing the descending arrows in the third dimension. Thesethe possible communication channels given by the assem-
arrows correspond to the measured communication betweeibled program with the actually used ones is given by show-
the components (see Figure 4). They have the same color asg the assembled visual program in the same figure, too.
the connections specified in the assembling process. In outn the top level of Figure 5, the visual program itself can be
example, the developer chose purple arrows for the com-seen with the execution sequence shown below.
munication between user interface components, red arrows
for between email and controller, pink and green arrows be-  Figure 4 and 5 show the same execution sequence of the
tween controller and data bases, and brown arrows betwee@xample. It starts with the topmost arrow betweensie-
controller and text analysis. The position of the arrow on the mit and thesplit component which represents the commu-
z-axis, i.e. the height, symbolizes the relative point of time nication happening after the “submit” button in the user in-
during the measured execution. One arrow appearing underface is pushed. The first arrow between toatroller
der another indicates that the communication occurred laterand thetext analysis component corresponds to the start of
during the execution process, i.e. the topmost communica-the execution of the agent’s analyzing work. The message it
tion occurred first. represents passes the email text taiéxé analysis compo-

nent. The arrow immediately below it queries #yenptom

On top of the cuboid, an icon can be added as shown indatabase (ISDB) for possible sickness symptoms. These



symptoms are posted to thext analysis component to  supports the programmer by creating new components us-
process the analysis and so on. ing other existing components. They can be placed on a

In addition to the information on the execution sequence, workspace and can be connected with each other and new
it is possible to obtain data about the communication itself component entrances and exits. Using this editor, a pro-
by selecting an arrow which causes information about the grammer can construct components without knowing very
exit name, entrance name, and transported data to appeanuch about the underlying component model.

(see Figure 6). It is intended to provide this information Using the constructed components, it is possible to build
only on demand. Otherwise the visualization would become complete applications. This editor has been presented in
overloaded and unclear. Section 4.2.

The HOTAGENT TEST[14] tool tests components. The
tool supports the component developer and component as-
sembler by testing components as black boxes using defined
entrances and exits. #tAGENT TESTIs suitable for com-
ponent integration testing. The test tool enables the tester to
specify a test case in a visual way. In additio@tAGENT
REGRESSIONsupports regression tests. The tool allows the
execution of several test cases at the same time and inspec-
tion of a possibly faulty test case.

taSymptoms > keywords
cough, cold, .., fever

6. Related Work

Souderet al[20] present thdcorm framework. It is a
tool for dynamic analysis of Java programs. To analyze pro-
grams, no modification of the source code is necessary. The

Figure 6. Information About a Communication execution is recorded by the Java Virtual Machine Profiling

Interface. This interface pipes the events through different
kinds of filters and through a broadcast architecture. The

Soudetet al. [20] propose the use of multiple views fora events carry information, for example, about caller, method,
visualization. FDTAGENT VISUALIZE offers the ability to ~ parameter, and time. The events are stored in the XML for-
filter the analyzed data, so several different views are pos-mat. The broadcast architecture can serve one or more inde-
sible. It is possible to rotate the three dimensional visual- pendent views that visualize the events stored in the XML
ization so that the viewpoint changes. Using this technique, file in a meaningful way. Th&Dtool provides such a view.
special parts of large programs can be visualized clearly.It processes the information and draws an UML sequence
HOTAGENT VISUALIZE is able to show the complete exe- diagram, which can lead to the visualization to be complex
cution process or zoom into selected parts. if there is a large number of events.

JaVis presented by Mehner [15], is another visualization
tool based on UML. Itis an environment for visualizing and
debugging concurrent Java programs, specially used to find
deadlocks. JaVis uses the CASE tool Together to gener-

In the previous section, a tool to analyze and visualize ate sequence and collaboration diagrams. The use of UML
component programs is discusseTAGENT offers some  causes the visualizations to be big and unwieldy. JaVis uses

5. Other HotAgent Parts

additional tools [13] to work with components. the Java Debug Interface, so no changes are needed to trace
The simplest way to create new visual components is toa program.
use the HWTAGENT PATTERN COMPONENT editor (under Another tool using the Java Debug Interfacqinsight

development). The first step is to place graphical elements[3]. It records the messages sent between objects. Tracing

into a workspace. The elements can have different shapes program, it is possible to define start and end criteria. It

and colors. The second step is to assign behavioral patterngses a UML similar visualization which is more dense.

to the elements, e.g., an element can be moved on a line Brueggeet al. [1] describe aFramework for Dynamic

or plane. The editor creates all necessary classes for thé>rogram Analyzersalled BEE++. Their target applications

new component on its own. Using this editor, new control are monolithic as well as distributed C++ programs whose

mechanisms for a user interface can be created. code is instrumented to generate a stream of events that
The HOTAGENT COMPONENT editor is an all-purpose  characterizes the behavior of the program. Since a major

editor. It is good for constructing invisible components. It drawback of event-based models is that events are in many



ways specific to the system being analyzed, BEE++ pro-tion is facilitated. In the concrete representation, arbitrary
vides a framework that can be customized based on inheriimages can be associated with the syntactical objects. In
tance to allow for its use on a variety of problems. The pa- this representation, only the agents and messages are visu-
per shows many details with respect to event generation andhlized. The execution of a program is shown as a kind of
communication as well as performance and impact evalua-a film of a 3D scenario. As the execution of a SAM pro-
tion, but does not discuss how to visualize the events gath-gram is only visualized by animation, the execution itself is
ered properly. volatile. There is no possibility of looking at the whole pro-
Syst [22] argues that dynamic analysis of programs gram’s execution at_a gl_ance. This d_isadvantage_ is dug to
gains in importance with the rising need to reverse engineerth€ fact that the runtime is presented in the forth dimension
object-oriented programs. The dynamic nature of object- @1d notin the third, as itis in our visualization.
oriented programs makes it difficult or impossible to under-  Lingua Graphica [21] defines a visual 3D syntax for tex-
stand a program by only looking at its static structure, i.e. tual programming languages like C++. Elements of Lin-
its source code. The runtime behavior of the program needgua Graphica are solid objects representing functions and
to be considered as well. Sgstises the problem of recon- relations, loop aqd branching c_ondmonals, vanqble types
ciling the static and dynamic information gathered about a @1d arrows showing data flow lines and connections. Pro-
program and proposes to visualize static and dynamic infor-9ramming can be done in a virtual environment by building
mation in separate views while providing a meaningful and & Visual program with the elements. It is also possible to
consistent connection between the views. In an examplel0ad a textually written program for visualizing it in the 3D
analysis, two reverse engineering tools are used to reverséinguage. The sequence of a program is visualized by se-
engineer a large Java prograRigi [18, 16] provides views ~ duence bar; in the_th|rq dlme_nsmn onentgd d.ownvyards., ie.
of the static structure of the program, showing program el- N the negative Y direction. Lingua Graphica is a visualiza-
ements such as classes and their members, variables, arfiPn Of & textual base language, and thus the elements are
function calls. SCED [8] extracts behavioral information '0W level. Therefore, even short textual programs consume
by recording events such as method invocations and excepgu'te a lot of space. The V|sue_1llzat|on is a static presenta-
tions while the program runs under the control of an instru- tion of the program code, but in contrast to our approach,
mented debugger, and visualizes this information using scehe actual program execution is not visualized.
nario and state diagrams. To show the connection between
static and dynamic views, the static structure as analyzed in7/. Summary and Future Work
the Rigi views is used to filter event traces for SCED, and
the.behavioral information gathered dl_Jring Qynamic analy- | this paper, the BTAGENT VISUALIZE tool is pre-
sis is used to annotate and filter a static Rigi graph. sented. It provides a three-dimensional visualization of
SAM (Solid Agents inMation) [5, 4] is a 3D program-  component programs’ runtime behavior based on dynamic
ming language for parallel systems specification and ani-analysis.
mation. A SAM program consists of a set of agents that The communication between the components is dynam-
interact by exchanging messages synchronously. The beically analyzed, and the gathered data can be filtered. The
havior of an agent is specified by production rules with a visualization is three dimensional and the focus can be cho-
condition and a sequence of actions that are triggered whersen: either the whole program execution can be viewed at
the condition is true. The execution of a program is done in the same time, or the developer can zoom in special regions.
cycles with two phases: in the first phase, all agents checkHOTAGENT VISUALIZE is also useful for testing compo-
the conditions of their rules quasi-parallel and in the sec- nent programs. Through a tight integration with the rest
ond phase all triggered actions are executed. An action carof the environment, we aim to achieve high acceptance by
be the sending of a message or the changing of the agent'slevelopers that are already familiar with th@©HA\GENT
state. There are two kinds of presentations, an abstract andomponent development environment.
a concrete one, both of which are three-dimensional. In the  Visual component programs built withdtAGENT As-
abstract presentation, agents are shown as semi-transparesemMBLY are two-dimensional. They consist of compo-
spheres with cones on the surface representing the ports andents presented by icons and communication channels be-
3D-objects for the rules inside. Messages are also repretween them which can be labeled and colored. The 3D-
sented as 3D-objects. In order not to overload the illustra- visualization of the runtime behavior of the program is
tion, the communication channels are not visualized. Thebased on this presentation. The extension to the third di-
execution of a program is visualized by a 3D animation pro- mension allows the runtime to be visualized by placing
cess of the agents’ communication (by sending messagesommunication arrows below each other. A strength of this
through the virtual space) and their state changes. As theapproach is its tight derivation from the visually constructed
motions are smooth and the objects are scaled, the observgrogram. The developer can easily compare an actual run



with what he had in mind to happen. The whole runis visu- [9] C. Luer and D. S. Rosenblum. Wren — An Environment for
alized in one static 3D-figure that can be rotated to provide Component-Based Development. Technical report, Depart-
a good view of all details. This static visualization tech- ment of Information and Computer Science, University of
nique has the advantage that the whole run can be seen ata _ California, Irvine, September 2000. _
glance and the sequence does not have to be kept in mind[10] C- Luer and D. S. Rosenblum. Wren — An Environment
Of course, a longer run causes a picture that has to scrolled. for. Component-Based DevelOpme.nt' F".Dceed'ngs of the
> ) . Joint 8th European Software Engineering Conference and

More problematic ‘T"re blgger. programs with many CF’mp‘?' 9th ACM SIGSOFT Symposium on the Foundations of Soft-
nents and connections. Their runs are not easy to visualize ware Engineeringpages 207 — 217, September 2001.
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tated too much to see all the arrows the static presentation (July 2002).
is too weak to provide a good presentation of the runtime [12] L. Martin. HotAgent Component Assembly Editor. In J.-
behavior. G. Schneider and M. Lumpe, editorBroceedings Work-

A useful extension of BTAGENT VISUALIZE is an an- Zzzgeor;‘k;?gggfe”t Composition Languagesjes 25 - 32,
chn;zfn(:igl\r/?ssjgrizgggnoqﬂg t%r;gggm de[;(r?ecsltjatg:rt]ht:ep)(rgglljctliec)r?[13] L. Martin. Visual Development Environment Based on
. . ) . S Component Technique. IRroceedings IEEE Symposia on
like a movie. The connections are highlighted one after an-

: ; S ) Human-Centric Computing Languages and Environments
other and, if desired, the corresponding information can be pages 346 — 347, September 2001.

displayed. The developer has the ability to start, stop, or [14] L. Martin. Visual Component Integration and Regression
rewind the presentation. The dynamic highlighting can be Test. InICSR7 2002 Workshop on Component-based Soft-
done within the three-dimensional static presentation of the ware Development Processeégpril 2002.

execution process as described in this paper. This dynamicl15] K. Mehner. JaVis: A UML-Based Visualization and Debug-
presentation helps to understand large programs which have ~ 9ing Environment for Concurrent Java Prograraftware

more complex visualizations. Visualization International Seminapages 163 — 175, May
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