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Abstract

This paper presents XPVM-W95, a new monitoring toodl for parallel applications that utili ze PV M-W95
(Parallel Virtual Madhine for the Windows Operating System); a message-passng environment for
distributed platforms runnng Windows. The development is justified by the @senceof atod that all ows
visuali zing and eval uating the performance of bath the parall e virtual machine ona Windows System and
the parall el applicaions. Thistod has functionality analogousto XPVM (X-Window interfacefor PVM)
developed for UNIX systems. Even so, it shows sgnificant differences. The GUI's (Graphicd User
Interface implementation is treded as a separate modue that is independent of the functiondlity, thus,
allowing more flexibility and patability. The monitoring adivity presentsinformation abou the tasks, the
parallel environment and the workload of ead host, making monitoring more extensive. The results
discussed in this paper demonstrate that the tod provides adequate help for a @rred, friendy and
objedive performance evaluation.
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1 Introduction

The increase of programs complexity and the need to oltain shorter response-time motivates the parall el
computing pradice PVM (Parallel Virtual Madine), a message-passng environment for parallel
processing in heterogeneous environments, allows hosts' conneded by a network to be mnsidered as a
single virtual macdiine [2] [8].

To make users able to evaluate the performance of their applications, it is necessary to have atod ableto
inform how the aurrent configuration d the virtual machine is, which tasks are being exeauted and where
they are running. The tod must also ndify abou the workload of ead hast, thus helping the corred
distribution d the tasks, considering their particular charaderistics.

In order to provide abetter interadion ketween users and the PVM system, the display of colleded
information is optimized by means of a friendy graphicd user interface (GUI). This makes fast
comparisons possble and an efficient analysis based onthe information is obtained in the environment.
The tod must be interadive, i.e., users may be aleto choose which information would be more useful to
be displayed and, by having the information, wers soud be ale to tune the ewironment acwrding to
their requirements. The task monitoring shoud na have significant influencein the performance of other
runnng tasks in the same ewvironment; therefore, its functionality must consume the minimum amourt of
system resources.

The cagadty of deding with the platform’s heterogeneity is anather desirable feaure for the todl, since
PVM was designed to run on dff erent architedures (workstations, parallel computers with dstributed or
shared memory, personal computers and so or) and in dverse operating systems. This fador makes the
algorithm used to colled information about the workload less portable. Despite of any implementation
detail, the values returned by the monitoring toad, which are used to quantify the workload on the
platform, must be able to allow the corred comparison d different hosts and architedures present on the
paral e virtual macine.

This paper describes XPVM-W95, a new monitoring software-tod for parallel applications that employ
PVM-W095 (Pardlel Virtual Madine for Windows Operating System) and it is in ac@rdance with the
principles previously discussed [8][9]. The main oljedive of this work is providing appropriate
information abou the performance of the distributed platform (the paral el virtual machine) and abou the
parall el applicaionsrunnng onit, duing the exeaution.

XPVM-W95 shows ome simil aritiesto XPVM (PVM’ s graphicd interfacefor UNIX systems), hawever,
they have completely distinct implementations and also some diff erent functionality [3][ 5][ 6]. Besides of
the information aready avail able through XPVM, the tod proposed onthis paper showsinformationin a
graphicd way to allow the analysis of ead hasts workload. It is expeded with this tod to dffuse the
monitoring of parallel madiines among programmers that utili ze the PV M-W95 environment and later
extend its functionality to ather platforms that need an analogous monitoring.

2 Monitoring

The monitoring adivity deteds events while they take placeon the enwvironment. It is the cgability to
abstrad information for immediate or future utili zation. This is only acamplished by preventing the
monitoring process from causing not wanted influence in the normal functioning of the environment or
that carry to wrong conclusions abou the state of the platform.

The first step on the development of a monitoring tod for a parallel environment is to define what to

! The terms host, processor and machine are used as synonymous in this paper.



monitor. XPVM-W95 has defined three scopes of performance monitoring: PVM tasks, the parall el
virtual madine and ead host that compaose the parall el virtual machine.

The monitoring of PVM tasks informs which tasks are being exeauted and which have drealy finished,
how much processng time eat task has gent and where they are or have been exeauted. This
functionality permits the user to have a nation abou the task distribution through the virtual machine,
even if the datais not grouped for this purpose. It is aso passble to olserve, ona dart, the anourt of
time that ead task has consumed (seeFig. 4).

The diagram showed at the Fig. 1 shows information abou the aurrent virtual maciine wnfiguration and
represents with icons the achitedure of ead madcine and its name. This diagram aso represents the
host’s date by colors (white if it is idle or green if at least one task is being executed onit). To get
information abou the number of tasks that are being exeauted or which is the identifier of a particular
haost, the user just neeads to click ontheiconrelated to that host.
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Figure 1—Virtual-machine representation diagram

The behavior of ead hast, na considering the parallel environment provided by PVM, is ancther isaue
taken into ac@urt. The goal isto dfer information abou workload generated by other applicaionsin the
system, na only PVM appli cations, therefore, making the users able to figure out whether a cetain hast is
suppating their applicaions properly or not. The display of this information is represented by measures
related to processor utili zation, which includes the number of running processes and the processor’'s
utili zation percentage. Memory measures are dso used, showing information abou the percentage of
utili zation a the anount of avail able memory.



Having defined what shoud be monitored, the next step isto know how the monitor must ad. Prior to the
description d thisadivity, it isimportant to contemplate the environment that the tool had been projeded
to and the impad of thisin the projed.

Windows 9x, the operating system currently used by PVM-W95 and consequently also used for the
monitoring todl, has some restrictions concerning to the wlledion d information about the load of the
computational platform. An example of these limitations is the difficulty to oltain the number of
processs that are exeauting onahost at a cetain instant [1]. Having only the information returned by the
Windows 9x API, it isnot passhble to determine which processes are running, sleguing or blocked waiting
I/0. Consequently, the crred comparisons between dfferent madines workload become more
challenging. To overcome this constraint the monitoring tool employs as a load index the percentage of
CPU utili zation avail able to the user.

Anather issue to be cnsidered is that the tod is based onversion 3.3 d PVM and, thus, some of the trace
faaliti es provided at version 3.4are not present[4][5]. This difference does not impase any limitation for
XPVM-W95 concerning the final result; however it imposes some extra work in the development of the
algorithm designed to coll ed the required information. XPVM-W95 uili zes the pvm_tasks() function to
obtain information abou the tasks and the pvm_naify() functionto lean abou when atask has finished.

The diagram of the virtual madine is creaed through the information returned by the pvm_config()
function, which obtains the number of hosts and their respedive cnfiguration. Through the pvm_naify()
function, the tod isinformed abou when a host has been added to or removed from the virtual madhine.

The darts that symbalize the workload of the hosts are obtained through primitives that colled datafrom
the operating system. These functions have been implemented in a modue guart. Thus, the adivity of
colleding the load index of ead hast does not remain consuming the machin€e' s resources unlessthe user
requests . This moduarization also allows a significant improvement in terms of portability, because
eat locd modde is resporsible for colleding information abou the host on which it is running, in
compli ance with the operating system and architecure.

3 The XPVM-W95 tool

The performance monitoring too XPVM-W95 is open source, puldic domain and nd commercia. Its
main fedures are portability, friendly graphicd interface ad ability to ded with the platform’'s
heterogeneity.

The tod’s portability was one of the key fedures of the development, which got extra dtention. As a
solution it was dedded onseparating the functionality from the interface developed in using the C-ANS|
language and TCL/TK, respedively [7][10]. The idea behind this sparation was to provide more
versatility to XPVM-W95, tesides making future dhanges in the interface much easier. Beyond these
advantages, the separation also al ows the functionality to be adapted for different platforms withou any
change & the user interface

The C language was chosen because it off ers enough resources to the development of this projed, it is
widely disseminated in the acaemic environment and it is also used in PVM source ®de. It al ows the
tod to be eaily caried to ather platforms, considering the charaderistics of ead operating system and
the language version avail able. Anather fador that contributed to the language dhoicewas the avail ability
of freeversions of the wmpil er.

TCL (Tod Command Language) is a script interpretation language @le to provide the functionality
available in ather scripting languages currently used in shells. It is a multi-platform and hes awide variety
of built-in commands. TK is atod kit initialy designed to the X-window system. It allows the aedion



and manipulation of widgets® through TCL commands. TK is a popular tool kit due to its flexibility and
easy development of systems. Another positive aspect is the capability of controlling the interaction
between applications, including their look and feel and their functionality.

In order to assure the desired flexibility the development has been divided into two modules. An upper
layer responsible for displaying the visual elements and for the interacting with the users - called Front
End; and another layer responsible for providing the functionality of the graphical interface - named Back
End. Fig. 2 illustrates the modul es functioning and how the interaction with the user occurs.

The user interacts directly with the Front End, where all the visua components that the user can
manipulate are displayed. It is through these elements that services requests are made and parameters are
passed to the Back End. The Front End also has the purpose of displaying to the user information
provided by the Back End. A straight communication between the user and the lower layer can be
perfectly made, but the use of the Front End makes data representation more organized and clever.
Moreover, its use is extremely easy and convenient. The implementation of the Front End has been done
using the positive aspects of TCL/TK, however this does not hinder the future use of other language, for
example Java, GTK+ (GUIMP Tool Kit), Qt (acronym to cute), LessTif, and others. This freedom of
language choice is possible due to the standardization of the call to the modules and the use of arguments
in both Front End and Back End.
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Figure 2 — Graphical interfacemodule

The Back End is responsible for the functional part of the tool and it must always supply the requests
coming from the upper layer (Front End). When an event istriggered at the Front End, it is translated into
aTCL command that calls the executable files. The Back End receives these data, performs the requested

2 Widget is an element of a determined class that has particular appearance and behavior. Examples of widgets are
buttons, menus, scrollbars, text box, etc.



function and returns the information to the Front End. The Badk End takes care of the two kinds of
solicitations: of PVM console and d the monitoring.

Fig. 3illustrates the lower layer divided in three modues, which will respondto solicitations coming
from the Front End. The communicéation between the Front End and the Badk End is made with diff erent
purposes for ead modue and ead element is a program developed in C. Although this division exists,
the way the communication between the upper/lower layers is made remains unchanged. These divisions
just separate the functionality acording to its gedfic functions.

The monitor modue (traceexe) is initiated when the interfaceof XPVM-W95is garted. This modue has
the objedive of launching the PVYM Deamon (PVMD), if it has nat been running yet. At this moment it’s
possble to gather information about the aurrent state of the parall el virtual machine. This modue will be
adive for aslong as XPVM-W95is up. The monitor isin charge of natifying the interface & sonas the
PVMD hdlts, as a result, the interfacewill end immediately. Besides darting up and terminating the
parale virtual madine, the monitor is in charge of suppying the Front End with the information
necessary to show some useful charts that will be discussed in the next sedion.
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Figure 3—Back End structure

The onsole modue is an exeautable file (xpvm.exe) that has the objedive of providing the main
functionality available in the PVM console. Through this application it is pasgble to add/remove haosts,
quit PVM, kill atask or al of them, list the tasks that are running, send a signal to the tasks and spawn
new PVM tasks. When a user requests one of these functions, the Front End sends a command with
spedfic aguments to xpvm.exe that (through argc and argv) identifies which service has been requested,
then exeautes it. The console modue stays up only for the necessary time to exeaute the user request.
Hence, XPVM-W95 daes not consume processor resources whil e there ae no user requests.

Finally, the performance modu e (performanceexe) is adivated when the user requests information abou
the workload of ead host concerning a spedfic load index. The performance modue is launched and
returns information to the Front End that display the results obtained. This application gets information
about how many hosts compose the virtual maciine and for ead ore it will startup a new performance
monitor. These new processes will gather the load information onead hast and send the result to the host
runnng the XPVM-W95 Front-End. When the user does not want to examine the load information
anymore asignal is snt to ead task to make it finish its exeaution.



Although XPVM-UNIX inspired the development of XPVM-W95, the structure of this differs in many
aspeds from that. The main dfferences are the gproad to this implementation, concerning separation
between the functionality and the interface and the performance analysis, bringing information abou
external applications.

4 Reaults

The results obtained have the purpose of demonstrating the tod behavior regarding to the gplicaions
running on PVM andthe load analysis of ead hast.

Figure 4 dsplays a chart caled “SpaceTime View”. This graphic informs abou which tasks are runnng
on the virtual macdiine in relation to the time spacethat ead ore cnsumes during their exeaution. It isa
simple bars chart that contains, on the left side, information about the tasks that are running, which
consists of the name (when started by spawn command) anditstask ID (TID). On theright side, the tasks
are displayed in the shape of bars, having their width changed acarding to the time that they remain
exeauting. On the upper right side there is a field that informs the anount of time dapsed since the
moment at the first task started urtil the moment that there ae no tasks exeauting. On the bottom side the
amourt of time related to a spedfic task is displayed.
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Figure 4 — Space-time view

As new PVM tasks arrive, information abou ead oreis displayed below the last task alrealy registered.
In the bars chart there is a verticd line that moves continuowsly while & least one task is running,
indicating the total time dapsed. Ancther line, which has a freeorientation and is controlled hy the user
shows the amourt of time dapsed urtil any speafic instant.

The dart that shows the spacetime view and the representation dagram of the parallel virtual macdine
are ehibited and refreshed by the interfaceusing the data wll eded in the monitor modue, that is part of
the Badk End layer.

The following graphics are representations of the load of ead hast that composes the PV M, acording to
a seleded measure. For the procesors load analysis the tod uses two measures: the number of processes
in the run queue (Fig. 5) and the percentage of procesr utili zation (Fig. 6). To evaluate the memory
utili zation two measures are used: the percentage of used memory (Fig. 7) and the total memory used (in



MB) (Fig. 8). The purpose of these graphicsisto give necessary information to allow a better distribution
of tasks by PVM.

The graphic showed in Fig. 5 classifies each host asidle (white), moderate (green) or overhead (red). The
thresholds used to define these three ranges can be determined by the user, allowing a better flexibility
due to its capacity of being fitted on the real needs of the users.

XPYM-w195 - Humber of procezs

Figure 5—Run queue

XPY¥M-w195 - Percentage of CPU Utilization

Figure 6 — Percentage of procesor utili zation



XPYM-w195 - Percentage of Memory Utilization
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5 Concluding Remarks

This paper presented XPVM-W95, a performance-monitoring tool for parallel applications for Windows
environments. The tool has been developed to offer a friendly graphical interface for the PVM-W95
console, monitoring of the parallel environment and support for workload analysis. The tool is flexible,
portable and easy to be modified with no need to remodel its structure.

The results described demonstrate that XPVM-W95 has a stable behavior and reached the objectives
proposed. Besides owning functionality similar to the existent in the tool XPVM for UNIX, XPVM-W95
it allows a great portability of its source code and also allows the performance monitoring of the parallel
virtual machine, using different load indices.



From now on, it is expeded to make the necessary changes in order to run the tod on the LINUX
platform, analyzing the behavior of the graphic interface ad the behavior of the modues resporsible for
the functionality of the todl. It is expeded that Linux impaose fewer limitations that Windows, making
possble the expansion d the monitoring tod. It is expeded that this tod will be @le to suppat
scheduling processon multi-user paral el virtual machines.
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