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Abstract. PC clusters running Windows NT have been investigated
as a low-cost alternative to parallel computers. One important reason
why NT clusters are not broadly accepted yet is the lack of powerful
development environments, which are a crucial success factor for soft-
ware development projects. This paper presents the new Windows NT
version of TRAPPER, an integrated development and visualization envi-
ronment for parallel systems. Emphasis is put on a new component called
the project workspace tool. Project workspaces enable user-friendly inter-
action with all components and settings required for the development
of a parallel application. They automate many repetitive tasks that are
typical to parallel system development.

1 Introduction

The widespread adaption of parallel computing has been obstructed due to two
major reasons: Parallel hardware is still very expensive and there is a lack of
powerful parallel programming environments. The first problem has been tackled
by the utilization of networked workstations and personal computers (PC) as
low-cost parallel computing platforms. In order to attack the second problem,
the message passing platforms PVM [6] and MPI [7] have recently been ported
to the Windows NT platform [2, 3].

Message passing platforms are an enabling technology for parallel comput-
ing, but additional tools are required to develop parallel software efficiently. Of
particular interest are integrated development environments (IDE) which sup-
port all activities in the development process. Up to now, neither one of the
development environments available for UNIX has been ported to Windows NT,
nor have any new environments been developed.

In the first part of this paper, we present TRAPPER [11], an interactive
development and visualization environment for parallel computing on Windows
NT. TRAPPER has been ported to Windows NT, redesigned and improved in
the context of the WINPAR1 project [1]. Several new features have been added
1 The WINPAR (Windows-based Parallel Computing) project is supported by the
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and the graphical user interface (GUI) has been re-engineered to meet current
standards of the Windows platform.

A very important requirement to an IDE on the Windows NT platform is
user-friendliness, because demands from users being accustomed to carry out
most of their daily work using interactive tools are very high. There exists a va-
riety of development environments for parallel computing, but only few attention
has been payed to the aspect of user-friendliness.

To enhance the user-friendliness of TRAPPER, a new component called the
project workspace tool has been developed. The project workspace tool is the
central component of TRAPPER: On the one hand, it offers a structured view
on all tools, settings and files belonging to a software project. On the other hand,
it serves as a steering and navigation tool which allows to launch tools, to trigger
actions like the compilation process or to modify project settings. Moreover, the
project workspace tool automatically cares for complete and consistent data
and settings and performs a kind of garbage collection for files that are no
longer needed. These features allow for an efficient cycle of work and relieve the
programmer from many complicated and repetitive tasks.

In the next chapter we give a brief summary of existing development envi-
ronments for parallel computing. The third chapter gives an introduction into
TRAPPER. Chapter 4 describes the project workspace tool in-depth. The last
chapter contains the conclusion and outlines future work on the project work-
space tool.

2 Related Work

In the following we describe graphical software development environments for
message-passing architectures. We refer to [13] for a detailed review of parallel
programming tools and environments.

HeNCE (Heterogeneous Network Computing Environment) [4] is an X-based
environment designed to assist in developing parallel programs on top of PVM
that run on a heterogeneous networks of UNIX computers. HeNCE is composed
of integrated graphical tools for creating, compiling, executing, animating and
analyzing programs. HeNCE describes the behavioral aspects of the computation
via a directed acyclic graph whereas TRAPPER describes the structural aspects
of the application.

The GRADE (Graphical Application Development Environment) [8] environ-
ment provides tools to construct, execute, debug, monitor, and visualize PVM
programs. The structure of the parallel application is specified down to the level
of individual communication operations and is hence much more detailed than
in TRAPPER. A distributed debugging engine assists the user in debugging
programs on distributed memory computer architectures. The monitoring tool
TAPE/PVM [10] and the visualization tool PROVE support performance mon-
itoring and visualization of the program behavior. GRADE and TRAPPER are
very similar except for that GRADE provides a distributed debugger and has a
more elaborated graphical editor.
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The EDPEPPS (Environment for the Design and Performance Evalua-
tion of Portable Parallel Software) [5] environment comprises integrated tools
for graphical parallel software design and mapping (PVMGraph), monitoring
(TAPE/PVM), CPU modeling (cputime), simulation (SES/Workbench) and vi-
sualization, animation and analysis of program execution and predicted results
(PVMVis). The EDPEPPS tool-set is targeted for a heterogeneous network of
workstations and for the PVM parallel programming model. The main feature
of this environment is the rapid prototyping approach to parallel software de-
velopment, since the graphical editor together with the simulation tools allows
performance analysis to be done without accessing the target platform.

The Tool-set [12] environment for PVM consists of a set of integrated tools
which can be divided into automatic tools, e.g. the parallel file system, a check-
point generator and a load balancer, and interactive tools with a GUI based
on OSF/Motif, e.g. a source level debugger, a performance analyzer, a program
flow visualizer and a deterministic execution controller. The core of the system is
an OMIS (On-line Monitoring Interface Specification) [9] compliant monitoring
system (OCM) for the PVM programming library on networks of workstations.
The Tool-set environment focuses on on-line analysis and debugging of the par-
allel application and provides powerful and comprehensive facilities for this. It
does not cover the graphical specification of a parallel application (along with
code generation).

The environments discussed above all support PVM and run on UNIX.
TRAPPER differs from them in that it supports both PVM (3.3) and MPI
(1.1), and runs on Windows NT. Moreover, TRAPPER has been implemented
on top of a portable GUI library and can be ported to UNIX with little effort.
The project workspace tool is unique to TRAPPER.

3 The TRAPPER Visual Programming Environment

Figure 1 shows the tools of the TRAPPER development environment. Both, the
parallel application and the target hardware, will be specified graphically with
the design manager and the graph editor. The parallel application is represented
by a process graph where nodes are processes and edges are message passing
communication channels. TRAPPER generates code-skeletons for each process;
the user only has to insert code for the process’ functionality. The mapping tool
determines the assignment of the processes to hardware nodes. The platform
settings comprise paths and flags for compiler, linker, communication library
and make tool available on the target hardware. This information is required for
generating (by a click of a button) makefiles and configuration files which allow
to compile and run the parallel program. The monitoring settings decide whether
and how the application should be monitored (on-line/off-line). Trace data from
the application, the communication platform and the hardware is collected by
the monitoring system. For debugging and optimization purposes this data can
be visualized and analyzed with the visualization tool. All tools are embedded
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in the so-called project workspace tool, which will be covered in-depth in chapter
4.
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Fig. 1. The TRAPPER architecture

3.1 Designs

The central concept of TRAPPER is a design. A design is a graphical specifi-
cation of a static process net or hardware configurations. Designs are created
and modified using the graph editor. A design contains rectangles for its sub-
nodes, ports denoting input/output channels and network interfaces, and links
for connecting ports to nodes. Busses are used for multiplexing links. They de-
note group constructs in MPI and PVM program specifications and networks in
hardware configurations.

Although the effort needed to specify a parallel system graphically introduces
some overhead in early stages of the system development cycle, the graphical
specifications gain a high value when the parallel system has to be animated.
The node rectangles can be used to display the state of a process or a processor
as well as to display contents of process variables and arrays. Links and ports
can be highlighted to display communication activities. Since visualization tools
are very helpful for debugging and performance tuning, the benefits obtained in
later development stages outweigh the initial specification effort.

3.2 Software Development

TRAPPER supports a hybrid software development approach: The parallel struc-
ture of the application is described graphically by a process graph, whereas the
sequential process code has to be written by the software developer. Each process
design has an associated code file. Additional source code files can be associated
with the whole application. TRAPPER simplifies coding of a process’ code by
generating code skeletons, which can later be extended.
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3.3 Hardware Design

A graphical hardware design can be composed out of four different types of
nodes: hardware clusters, single-processor computers, multi-processor computers
and CPUs. These four basic types allow the user an exact and easy description
of the hardware.

3.4 The Mapping Tool

The mapping tool performs the assignment of the application processes to nodes
of a desired hardware design. TRAPPER provides automatic and manual map-
ping. The heuristic mapping algorithm computes a partitioning of the process
graph with a well distributed computation load and a small communication load
between partitions. The computation and communication loads are gained from
the attributes of the software and hardware nodes.

3.5 The Monitoring System and the Animation Library

The monitoring system gathers run-time trace information about the parallel
application. Trace events can either be stored in a binary trace file and then be
analyzed retrospectively (off-line), or the events can be analyzed on-line while
the parallel application is running.

On-line monitoring is realized via portable TCP/IP socket library calls. The
benefit of using portable socket library calls is that a Windows NT worksta-
tion running TRAPPER can be used as a visualization front-end for a parallel
application that runs on an arbitrary remote hardware.

The monitoring system is implemented as a C function library - the TRAP-
PER animation library - which has to be linked with the application. A language
binding for Fortran is available. TRAPPER automatically instruments MPI and
PVM applications by wrapping MPI and PVM function calls.

In addition to tracing of communication and process events, the animation
library supports tracing of scalar, one-dimensional and two-dimensional program
variables.

3.6 The Visualization Tool

The visualization tool supports the developer in understanding, debugging and
optimizing his or her application. It displays and animates trace data generated
through calls to the animation library. It uses the node rectangles in the graphical
software and hardware designs to display state information and views of program
variables (fig. 2). The visualization tool also provides time axis diagrams for
process states, communication events, communication statistics, scalar program
variables, and critical path analysis.
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Fig. 2. TRAPPER screen-shot: The project tree (left) and the visualization tool
(center)

4 The Project Workspace Tool

4.1 Motivation

Each tool in a development environment works upon data which are generally
stored in files. For an environment like TRAPPER there are software and hard-
ware design files, mapping files, source files, makefiles, configuration files for
platforms and communication libraries, and animation files. A typical problem
is to create an appropriate directory structure and to maintain all files accord-
ing to this structure. Differentiation of file types is solely accomplished via file
suffixes and it is sometimes difficult to bear in mind which files belong together,
e.g. which software and hardware model files belong to a mapping. Furthermore
the deletion of invalid or obsolete files and data is cumbersome and might be
risky because valid files could be removed accidentally.

Another aspect concerns the maintenance of several similar program execu-
tion scenarios. For example, the developer tries different mappings or different
target platforms to optimize the performance of an application. This could result
in a lot of different mappings, configuration files, platform settings and associ-
ated animation files which are difficult to manage.

Furthermore, it is very convenient for a developer if the current state of work
in the environment (e.g. the tools opened, the settings performed, the windows
positioned on the screen, etc.) could be saved and restored later. This allows the
developer to continue immediately with his work at the next session instead of
configuring everything new.
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4.2 Concept

The project workspace tool acts as a shell around the other tools of the TRAP-
PER environment. It has structuring, visualizing and interactive aspects.

As a fundament we designed a logical structure for the files and settings that
are part of the TRAPPER development process. All these files and settings -
inherently organized according to this structure - constitute the so-called project
workspace. For each development project the user will create a separate project
workspace. The project workspace tool cares for consistency and completeness
of all elements added to the workspace. Moreover, the project workspace can be
made persistent, i.e. the current state of work within the project workspace can
be saved to disk and easily restored for the next session.

The visualization aspect of the project workspace tool is realized by a tree
gadget2 GUI - called the project tree. Within the project tree each item contained
in a project workspace will be displayed as a tree node. The hierarchy of the
structure is mirrored by a parent-child relation between the corresponding nodes.
Hence all files and settings are ordered visually and can easily be found and
accessed by the user. A design/sub-design relation on design level will be mapped
by a parent-child relation of the corresponding nodes in the project tree. This
technique allows to capture particularly complex designs with many nodes and
hierarchy levels. The directory structure of the files contained in the project tree
is hidden; the user doesn’t have to care where a file is stored. Since folder nodes
can be closed or opened the contents can be hidden respective shown allowing
the developer to concentrate on the parts he or she currently works upon.

For instant access each node of the project tree provides context sensitive
interaction facilities through a context menu.

We will now present the structural aspects of the project workspace and its
visualization and interaction facilities within the project tree. At the same time
we will discuss a sample application, the Poisson problem taken from [7], in order
to illustrate the features and benefits of the project workspace tool.

4.3 The Project Workspace and the Project Tree

The general structure of a project workspace is depicted in fig. 3. Figure 4 shows
the project tree for the Poisson problem example.

Communication Library. At the beginning of the development process a basic
decision concerning the communication library has to be made by the developer.
This could be either MPI or PVM. The example application which solves the
Poisson problem will be implemented on top of MPI.

2 A tree gadget is a GUI element consisting of folder nodes and leaf nodes arranged as
a tree. Each node has an icon and a label. Folder nodes can contain further folder
and leaf nodes.
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Software/Hardware Configuration and Mapping. The software config-
uration comprises software designs of the parallel application and associated
code skeletons including inserted user code. In addition, it contains source files
which are attached to the application. In our example the software design which
represents the whole parallel application is called PoissonProblemSolver. It is
composed of five JacobiSolver processes, programmed in C.

In order to execute the parallel application on different available hardware
platforms there can be several hardware configurations. Each hardware config-
uration includes hardware designs and an arbitrary number of mappings. This
enables the user to evaluate different mapping strategies.

In the above example we consider two different target platforms, named
Local and NT-Cluster. The Local platform contains one single-processor com-
puter and is used for implementation and testing the application. The NT-Clus-
ter hardware consists of three single-processor computer nodes and is used in
the stage of performance optimization. All nodes are attributed with Windows
NT 4.0 as their operating system and Pentium as their cpu. For our application
we focus on mappings for the hardware configuration NT-cluster. We create
two mappings mapping-lowCom and mapping-loadbalanced which concentrate
on minimizing the communication between the processors respective ensuring a
good load balancing.

Configuration. A hardware configuration and a mapping define a unique ex-
ecution scenario for a parallel application in the project workspace. We denote
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such a pair as a configuration. The actions Generate, Compile and Run (fig. 1)
are only available when there is at least one configuration. In general there are
several configurations contained in a project workspace. Hence there has to be a
particular configuration, called active configuration, to which these actions refer.

We assume that we want to solve the Poisson problem on the NT-cluster. Be-
cause communication is a bottleneck for connected PCs we choose the mapping
mapping-lowCom for our purposes. Hence we have to choose the pair (NT-clus-
ter, mapping-lowCom) as active configuration.

Since a mapping component identifies a configuration it is used as a container
for monitoring settings and animation components. The monitoring settings in-
fluence whether and how the application generated for this configuration should
be monitored. Each animation component contains trace data of an application
run made for this configuration. Several trace files can be managed to compare
application runs.

In order to obtain trace files we switch on the off-line mode in the monitoring
settings of the active configuration (NT-cluster, mapping-lowCom). The Gen-
erate action produces a makefile and a MPI process group file. Via the Compile
action the makefile will be processed by the make tool resulting in an executable
which can then be started with the Run call. For the program run the monitoring
system produces the trace file poissonAnim.

Platform. A platform is defined by the processor type and the operating system
of a hardware design. For each hardware design contained in the project there
exists an associated platform dataset which comprises settings and paths for
compiler, linker, communication library and make tool. This data is required for
the generation of makefiles and configuration files. TRAPPER provides settings
for each platform in a defaults database. The defaults database eventually has
to be adapted once by the system administrator of a target platform; after that
the user doesn’t have to care about these issues.

Consistency and Completeness. The consistency mechanism of the project
workspace tool cares for deleting invalid data. For example, if the software con-
figuration has been modified because a process node has been added/removed all
existing mappings will become invalid. Hence all mapping data including anima-
tion data will be deleted automatically to ensure the consistency of the project
workspace.

Completeness checks of required settings will be performed by the mapping
tool and the generation process. In case of failure the user is led directly to the
concerned dialog.

5 Conclusion

We have described the concept and the implementation of project workspaces
for the development of parallel applications. Experiences have shown that the



Project Workspaces for Parallel Computing - The TRAPPER Approach 107

project workspace tool is a suitable tool for speeding up application development.
For people who are new to an already running development project, project
workspaces can be a valuable aid in discovering content and structure of the
project. TRAPPER is therefore an ideal supplementary tool for education in
parallel programming.
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