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Abma;pncaﬁ(’“ of workstation clusters as a parallel machine has
The 2

idespread use. Although highly cost-effetive, the ease of use

n of Wi can be improved with the utilization of monitoring and

of such systct“t‘zols. The Mirador II was developed to make easy the user

managcfncﬂ :th the SPP3, a parallel architecture that provides high

interaction Wl power at low cost using commonly avaliable hardware

computanom‘User account management, cluster resources monitoring,

components-t and monitoring of running processes, Myrinet network

manﬂg"‘,“cn arallel machine autonomous management and Internet

m““gor;n:;eimong its main features. The Mirador II can be also em-
interfac

.+ minor configuration, as a monitoring and management tool
wi tion clusters. The daily use of the Mirador II on the SPP3

hown its usability, making common tasks much easier to accom-
h:li:; i)y inexperienced Unix users.
P

Keywords— Parallel computing, high speed network monitoring,
eyw

cluster management.

[. INTRODUCTION

The use of computers for probl.em solvi.ng was based, a
time ago, in strictly sequential solutions imposed by
longVon Neumann architecture. In spite of the exponential
thewm of performance in the last years, physical limitations
ero e imposed restrictions on the maximum processing speed
:xha; can be obtained, from Von Neumann computers.

It is known that the need of procefssing power has been
increasing systematically. The solution to some problems
demand high computational power that cannot be supplied
by a sequential machine. New computational models have
been proposed to solve this class of problems. MIMP paral-
le] architectures with distributed memory have cqnsxderable
importance for offering, among other benefits, high perfor-
mance at low cosL.

with the advent of the parallel machines, there is a need for
2 new class of tools encompassing procedures and program-
ming paradigms that can support the development of parallel

applications. |
Frequently, it is necessary to analyze the dynamic behav-

lor of a running parallel application or even interact directly
with it. This is not a trivial task without the appropriate tool.
Several factors, such as the multiplicity of resources and the
concurrent execution of the programs, contribute to make this
task not easy. The tools for the management and monitoring
of parallel machines make available for the user different in-
formation regarding the state of the parallel system and the
state of the running applications. These tools allow for, as

a management task, the user’s direct intervention in the sys-
(em.

The Mirador II tool was developed for the SPP3 paralle
machine and it is an evolution of the Mirador tool [ARA98
for the SPP2 [TRI95a, TRI95b].

The Mirador II stands out as an almost complete tool
(some extensions that increase its functionality are re-
lated in the Future Extensions section) for the manage-
ment/monitoring of parallel architectures, having several fea-
tures to accomplish the necessary tasks. Its development was
carried out to fill functional gaps present in other tools of its
class. Table I presents a comparison among available tools,
including the Mirador and Mirador II. This table presents fea-

tures that are important for the monitoring/management of
parallel systems.

The Procps Cluster [PRO99] is an extension of the Top
[JOHN99]. Does not have a graphical interface and it does
tasks and CPU/memory monitoring only. The VT allows the
monitoring of several devices of the parallel machine, such
as the hard disk and the communication network. The VT

was developed for use on the RS/6000 [SET98] and does not
allow management operations.

The AIX PSSP was developed for the IBM SP2 [AGE99].
It provides several management and monitoring operations.

The SCMS was developed for Beowulf machines [STE9S.
SAL98]. It allows task management and CPU/memory mon-
itoring, among other features.

:
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1. THE SPP3 PARALLEL MACHINE

mong other developments)
h activity on high perfor-
High- Performanct Com-

The SPP3 (and the Mirador, a
is the result of a six-year researc

mance computing at the LCAD (

| versity of Sao Paulo.
puting Laboratory), University O . .
The SPP3 parallel machine i 2 MIMD architectur® with

distributed memory. One of its main goalhs isd thelu;em oefnltO:;
ino a tendency in the develo
cost hardware, following e T o

distributed memory MIMD machines . Sy
can be scaled up to 256 processors nodes. Figure 1 show

block diagram of the SPP3. . b
Each node of SPP3 is composed, basically, of a standar

PC motherboard, a processor, main memory and three net-
work interfaces. The nodes are interconnected together by

three different communication networks. A high-speed net-

work (Myrinet) [BOD95] provides inter-processor communl-
cation using Myricom adapters and switches [FUJ99]. This

network supports the communication among the parallel pro-
cesses within a parallel application. A fast-ethernet network
[IEE95] supports housekeeping functions, such as re.mote
booting. It is also through this network that the user Inter-
acts with the processing nodes to accomplish the monitoring
and management tasks. This is the only connection between
the nodes and the host, allowing them to be separated by a
distance of up to 100m. Finally, a I2C network [VOG97]
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Fig. 1. SPP3 Block Diagry,

supports panel and hardware contro| functio,
s implemented using a PIC microconty,, S. This

[1I. THE MIRADOR [J Tooy

The development of the Mirador IT w5, i
vide managemen.t and monitoring facjl; ok tOr:ed out
possible, with minor C(?nﬁguration, (0 use . he‘spp:‘ l;r(?\
2 management/monitoring tool for a ety oferadOr.IIt it
acting as parallel machine. The developmem Workstat' 2
[I was strongly based on the concept of i Of the Mir?ns
the Internet. This tool allows the user ¢4 gainote Use he doy
the machine, making possible: the trgl]lgh
o To obtain information from the Proces of
as CPU load, main memory and gy,
utilization), current running tasks, p,
tion, and time;
o To abort processes running on the noes.
o To obtain information about the L ,
track of the execution of parallel app;,
o To manage the user’ accounts in a sjp,
way,
o To monitor the Myrinet communication p,
o To perform management tasks autonopy,,
rador II can effect some managemen;
self, without user interference;

o To perform monitoring and management task
through the Internet using a standard Wep, B rem
e To monitor the hardware devices of the s Wser:
motherboard temperature, fan speed (Cpy ;‘léllmely,
OWey

supply) and power supply voltage levels:
o To execute selected Unix commands (Is, . :
. y CIC.
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parallcl. making easier the interaction of the user with
several processing nodes.
The Mirador 11 tool 18 quite flexible, allowing the users

to
onfigure several parameters to fulfill their needs

A The Mirador Il tool architecture

The Mirador 11 tool 1s based on a client/server model
(Jient and server modules run on different parts of the par-
allel machine: processing nodes, user's desktop, the host
machine and the PMG (Management and Monitoring Panel)

board. |
The architecture of the Mirador II tool is presented in the

figure 2.
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Fig. 2. The Mirador II tool architecture

The Mirador II tool consists of the following modules:

A.1 MIU - User Interaction Module

This module is in charge of the interaction between the

user and the SPP3, being executed locally (in the user’s desk-

top). A graphics interface presents the information under

monitoring in structured and modular views, as shown in fig-
ure 3.

The MIU is also in charge of all management operations

and user configuration options (user profile configuration).
The Mirador II main window is quite uncluttered and 1s

presented in the figure 4. Each icon represents a processing
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Fig. 3. The Mirador II tool graphics interface

node of the parallel machine.
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Fig. 4. The Mirador II main window

According to the figure 4, five nodes are under monitoring.
The colors of the ellipses change to show CPU loads, allow-
ing for an easy identification of the computational activity
on each node. The black color, for example, indicates the
absence of computational activity, while the white color in-
dicates a high activity level. The ellipses labeled with an “X”
indicate inoperative nodes. The colors of the small circles
on the right side of each ellipse indicate whether the node
1s selected for management or not. The nodes selected for
management allow user interaction. For instance, to turn off
a group of nodes, each node must be selected for manage-
ment before the Turn Node Off command be issued. The
semicircles around the ellipses indicate memory utilization.
Their values have the following meaning:
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The SINGOG module, running in the host, mana.ies ::(l)des
communication between the user and the processing

| | h

It oathers and stores all the managemen}t1 mform?lrtll(z;eof1 c(:)z:ice :
} jod les that run 1

node. Periodically, all the modu in in H -

contact the SINGOG module and send monitoring informa

tion (CPU load, memory atilization, date, tasks In executc;o;l,
etc.). This information 1S filtered by the SINGOG module

and sent on request to the user. This implementatlo.n opti-

cessive traffic.
The SINGOG module also triggers management Opera-

tions, such as Kill Tasks. It gets the management requisition,

contacts the node(s) where the management operation will be
executed, waits for a response of the node(s) and returns the
response (success or error) to the user.
The SINGOG module also has specific functions:
e User Accounting - the Mirador II performs user account
management, in a simple and functional way, using a
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Fig. 5. Monitoring the Myrinet Network

A.6 MH - Hardware Monitor

The MH module was implemented using the LMSensor

AT00]. Such application interacts directly w.ith
fha Cl:zﬁ;;?; hardware of the ATX motherboards performing
e

[tage measure-
e measurement (motherboard), voltag
temnlze(r;:)l:;er supply and CPU core) and fan speed (power
me

Supply and B 4 U)

The MH deals with the management of hardware .malfunc-
' It checks the measured data (all types) against user-
e hed minimum and maximum values. If these values
o ff:the established limits, a message 1s sent to the ad-
arft (‘)Ul cior by e-mail, informing which device/value is out
ﬂ}":;it(r’i. The user can configure the system to turn off the
;alfu:ctioning node if no action 1s done to correct thf: out-
of-cimits data after a specified amount of time. Tl.ns 1S a
protective procedure to avoid permanent hardware failure to

the system.
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A.7T CP - Panel Controller

This module runs on the PMG and comprehends the low
level functions that coordiate all of its activities, accom-
Plishing monitoring and management tasks

A.8 PMG .- Management and Monitoring Panel

The PMG board was designed to accomplish two basic
functions:

* Monitor CPU load and memory utilization;

* Turn on/off and reset nodes.

The PMG board has two bargraph displays, a micro con-
troller, an 12C interface and a RS232 serial port that is con-
nected to the node. The RS232 port is the communication
channe] among the processing nodes and the PMG boards.
Monitoring tasks are periodically being executed, while man-
agement tasks are executed under user or system request.

The board is also connected to the reset and to the on/off

control inputs in the processing nodes. Figure 6 shows the
Interaction among PMG boards and nodes.
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Fig. 6. SPP3 Control Network

The CPU load and memory usage values are sent by the
processing nodes to the PMG thought the serial port. The
bargraph display present these values.

The management tasks demand, most of the time, some in-
leraction among the PMG boards via the I2C network. Man-
Agement operations require at least one fully functional pro-
cessing node to send commands to the control network. A
List_.of Nodes parameter specifies which nodes must be af-
fected by the command execution.

The first fully functional processing node (ordered by node
number) is chosen to send Mmanagement commands to the

control network. For example, consider a situation where
the nodes 0, 1 and 2 are being monitored and only node 1 is
fully functional. To turn off the other nodes, a command is
issued by node 1 to the PMGs of nodes 0 and 2.

A.9 The Mirador II Database

The Mirador II database is located in the host. It stores
five types of information:

Main Configuration:

o Processing nodes specification (processor type and
speed, amount of main and swap memory):
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A service requisition includes the follo“.'ing parameters:

e Service identification. A module can implement seve.ral
functions (services). It is necessary to inform specifi-
cally which service is being requested; | |

e User identification. To access some SErvices provided
by SINGOG, the system requests the user’s identifica-
tion (login and password) in order to maintain security
of the system (for example, a common user can not

abort the execution of tasks not owned by him);
e Operation to be executed by the service. Some services
make available more than an operation and it 1s neces-
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D. Resource Utilization

The Mirador 1I was designed tg pe asp
sible to the monitored Processing nog On‘mtrllsiv
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E. Flexibility

The Mirador II tool was developeq for th
machine. It can be also used, with i ¢ SPpy oy
some loss of functionality, in a negy ? Onfj Ui, ]
workstations (Beowulf-like machineg) P 0 256 Liznd

The Myrinet module can be ignore e U

P

the Myrinet network is not available

F. Usability

The usability of the Mirador II has been

lutive maintenance motivated by daily yge The my;
of Mirador II to accomplish better usability are. ain feyy

o Several options to choose the nodes under man:y...
allows a better trace of the running par S
o The autonomous management provid
tion of software and dedicated hardw

ureg

ed by an in[egra.

presenting abnormal behavior (e.g. hi
fan failure);

o In addition, the Mirador II allows the user (

nodes with great facility;

allel aPPlication;

| | are helps Machipe
maintenance routines such as turning off nodes that 2

re
gh temperatyre or

admins.
trator), to restart, to halt and to turn off/on processip,
>
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1V. CONCLUSION

1 the growing usc of MIMD architectures (workstation
with' <olve problems that demand high computational
gsters) 10 . a need for tools to monitor and manage this
wer. 1 ‘t‘c ctures. The Mirador II was designed mainly
¢85S of art the SPP3, although it can be employed in sim-
| s the SPP2, Beowulf and network based

sirador 11 1s @ wide system, providing tools ranging
» account management to hardware monitoring.
s is an important characteristic, allowin g for re-

ces
et ac d/or remote management of the parallel

qitoring an

he Mirador II in the SPP3 at the LCAD has
ility, effectiveness and flexibility.
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