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Abstract. Efficient scheduling of task graphs for parallel machines is a
major issue in parallel computing. Such algorithms are often hard to
understand and hard to evaluate. We present a framework for the
visualization of scheduling algorithms. Using the LogP cost model for
parallel machines, we simulate the effects of scheduling algorithms for
specific target machines and task graphs before performing time and
resource consumptive measurements in practice.

1 Introduction

Parallel programs can be modeled by task graphs defining a set of parallel tasks and
control and data dependencies between them. A schedule of a task graph is a mapping
of its tasks to processors. Finding an optimal mapping is an NP hard problem for
many task graph classes and many models of parallel machines.

A great variety of  scheduling algorithms for different task graph classes and cost
models has been published. However, it is hard to evaluate their performance in prac-
tice. It depends on the ratio for computation and communication costs on a specific
architecture (granularity of the problem), the structure of the task graph, the ratio of
tasks that may potentially run in parallel and the actual number of processor in a spe-
cific parallel machine etc. Evaluations varying these factor are extremely time and
resource consumptive. On the other hand, it is quite disappointing to take the effort of
evaluation for some theoretical promising algorithm and to find it poor in its actual
performance. We therefore designed a framework allowing a rapid evaluation of
scheduling algorithms. We restrict the experimental evaluations to only those sche-
duling algorithms that passed successfully our simulations.

Another problem with scheduling algorithms addresses their understanding. We
found scheduling algorithms published imprecise, misunderstanding of even wrong.
As the feed back showed, our own publications were no exceptions. It often requires
some attempts to finally find the intended implementation. Therefore, the framework
allows a step-by-step execution visualizing together the task being scheduled, the
schedule (as computed so far) and the current line of program code in the scheduling
algorithm. This execution mode is a good tool for testing and debugging the algo-
rithms before applying or publishing them. As a by-product, it turned out that com-
municating new scheduling algorithms in presentations became much easier when
using our VizzScheduler.
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2 Basics

To abstract from the diversity of parallel machines, we need an abstract machine
model. To evaluate schedules, a cost model is required reflecting the latency for point-
to-point communication in the network, the overhead of communication on processors
themselves, and the network bandwidth. The LogP machine [1] models these
communication costs with parameters Latency, overhead, and gap (which is actually
the inverse of the bandwidth per processor). An additional parameter describes the
number of Processors. These parameters have been determined for a number of par-
allel machines including the CM-5 [1], the IBM SP1 machine [3], a network of
workstations and a powerXplorer [2]. Moreover, we need the input size of the prob-
lem and the runtime of the single tasks to predict the runtime of the scheduled pro-
gram. The latter is usually obtained from measurements of the sequential program or
a simple scheduled parallel program. It is clear that this leads to errors due to different
caching effect and tasks with input dependent load cannot be captured at all. How-
ever, this approach leads to precise predictions of parallel programs for a large class
of problems. In practice, the runtime measurements of parallel program confirmed
their LogP based predictions. There are quite a few LogP scheduling algorithms pub-
lished, e.g. in [1,2,5,6]. In order to evaluate them, we only need the LogP runtime
prediction for a given problem of a given size. To debug or explain the algorithms, we
additionally need an architecture allowing to load a scheduling algorithm, execute it
step-by-step and draw temporary results. The Java Debug Architecture [4] provides
access the relevant internal data structures for Java programs. It allows to launch a
runtime environment for a program, to start a debugee (scheduling algorithm) and to
control its execution by another program. In each execution step, the control program
can access the state of the debugee.

The two main data structures that should be visualized are the task graph and its
schedule generated by the scheduling algorithm. The former is a directed, acyclic
graph; its node represent computational tasks its edges essential dependencies be-
tween them. The latter is usually visualized by Gantt charts, a graph showing the
computations of the single processors over time. Gantt charts are quite easy to handle
since the fix coordinates system of processors and time reduce the drawing problem to
a simple scaling. Actually, we could try to find a permutation of the processors mini-
mizing the edge crossings. In practice we do not. As the layout is computed online
while the scheduling algorithm runs, this approach would lead to animations that
potentially change the order of processors whenever an edge is inserted. Tasks graphs,
or directed acyclic graphs (DAGs) in general, do not have such a canonical drawing.
An optimal drawing also minimizes edge crossings, its efficient computation is not
possible, unless P=NP. Our framework does not try to innovate graph drawing. Good
approximation algorithms are known, e.g. heuristic spring embedding approaches,
Sugiyama’s algorithm [7] (preserving the layered structure of DAGs, i.e. nodes with
the same depth are drawn on the same y-coordinate) or so called upward drawings.
These approaches are sufficient for our purpose and used in the framework.
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3 The Architecture

We developed a more general framework, the VizzEditor, supporting the rapid design
of visualizations of general algorithms. The VizzScheduler is an instance of the
VizzEditor. The VizzEditor accesses the Java Debug Interface and provides certain
imaging tools. It enables the integration of user defined graphical tools viewing as-
pects of the programs that are chosen by the user. In addition to some static informa-
tion the VizzEditor can draw dynamic program information. Therefore, the informa-
tion is read at certain user-defined breakpoints and mapped to drawing operations of
the graphical views. A general controller coordinates the synchronous update of the
program to visualize and the graphical views. Each breakpoint hit generates an event
object sent to the controller. This object holds information about the breakpoint (nec-
essary for some filtering) and entries to access the program state (necessary to obtain
the runtime data). It passes this object to the mapping program which in turn performs
filtering and calls the drawing operations. In many cases the predefined graphical
tools are sufficient. To visualize an algorithm, the user implements a mapping pro-
gram, a Java class, and determines the breakpoint in the algorithm implementation.

We can even reduce these user tasks to a minimum if we know the class of ani-
mated algorithms in advance. Then we write an abstract class that captures the class
specific data and operations. The new algorithm extends this abstract class and, thus,
runs in the predefined environment. If the breakpoints are placed in the predefined
code, we can predefine a general mapping program for all algorithms of this class. We
applied this approach to the class of scheduling algorithms leading to the VizzSched-
uler. It restricts the algorithms to visualize to simulations of parallel programs and
scheduling algorithms for task graphs. Simulations are visualized by task graph con-
structions. A step-by-step execution of a parallel program (simulation) shows the task
graph construction; it visualizes program points corresponding to computations and
communications. The scheduling algorithms take arbitrary task graphs (as generated
by a parallel program simulation) and generate a mapping to an instance of the LogP
machine. Scheduling algorithms are visualized by Gantt charts. A step-by-step execu-
tion shows the decision of the algorithm to place a task on a certain processor starting
at a certain time. Four major classes represent our application context:

1. The class modeling task graphs as generated by simulations of parallel programs.
2. The abstract class modeling simulations of parallel programs. It captures the input

and input size of the algorithm. Each simulation constructs an instance of the task
graph class. This instance is passed to the subclasses of scheduling algorithms.

3. The abstract class modeling scheduling algorithms. It accesses the LogP parame-
ters (captured in an auxiliary class) and the task graph to be scheduled. Each
scheduling algorithm must construct an instance of schedules.

4. The class modeling the schedules themselves contains the constructors for well-
defined LogP schedules and captures the schedule information.

The breakpoints are set on the constructor methods of the task graph and schedule
classes. This is sufficient to animate the task graph and schedule construction algo-
rithms, respectively. Therefore, we predefined also the two programs (classes) map-
ping the breakpoint events to drawings.
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The user of the VizzScheduler looks for a simulation of a parallel program in the
library or implements a new simulation class (inheriting form the corresponding
abstract class that is predefined in the framework). Such a simulation calls the
constructor methods in the class modeling the task graph. Running a simulation
automatically triggers the drawing of the corresponding task graph. Then the user
looks for a scheduling algorithm in the library or implements a new scheduling algo-
rithm class (inheriting form the corresponding abstract one). The schedule construc-
tion uses the construction methods provided by the schedule class. Each run auto-
matically triggers the drawing of the corresponding Gantt chart. In the VizzScheduler
GUI, the user may vary the LogP parameters, the input size and the computation
times of the task graph nodes. Fig. 1 displays a scheduling for an algorithm imple-
menting a one-dimensional wave simulation. Get your free copy from
http://i44pc29.info.uni-karlsruhe.de/VizzWeb
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Fig. 1.  Left frame: scheduling in action. Right frame: the final schedule



66      Welf Löwe and Alex Liebrich

6. R. Karp, A. Sahay, E. Santos, K. Schauser. Optimal broadcast and summation in
the LogP model. In 5th Symp. on Parallel Algorithms and Architectures, pp. 142-
153. ACM, 1993.

7. K. Sugiyama, S. Tagawa, and M. Toda: Methods for visual understanding of
hierarchical system structures. IEEE Trans. Syst. Man., Cybern,, SMC-11, pp.
109-125, 1981.


	Introduction
	Basics
	The Architecture
	References

