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Abstract

Parallel computing on a cluster of workstations and personal computers has very high potential since it
leverages the existing hardware and software. Parallel programming environment offers the user a convenient
way to express parallel computation and communication. A lot of work has been done in synthesizing
distributed memory parallel machines from a cluster of workstations. However, such a parallel environment
is not supported on a network of DOS machines.

POENDOM, Parallel Operating Environment on aNetwork of DOS Machines — provides a master process
for job mapping and configuration management and several slave processes for job spawning on client nodes
in coordination with the master process. The MPL (Message Passing Library) provided by POENDOM can
be used to develop coarse grained parallel applications which can be executed in POENDOM environment.
MPL supports message passing interfaces for point-to-point communication, collective communication,
and for synchronization among different nodes working on the same problem. MDF (Multi-Dimensional-
Files) library provides interfaces which deal with special files called multi-dimensional-files, suitable for
writing parallel programs using the data parallelism paradigm. The emulated parallel machine of POENDOM
consists of a master (host) node and several slave (remote) nodes. The master node accesses a user specified
configuration file and distributes the tasks to slave nodes. On task mapping, master node and slave nodes will
collectively solve the problem. This paper presents the design and implementation of POENDOM which
includes master and slave processes. It also discusses MPL and MDF libraries.

1 Introduction

A number of distributed memory parallel machines [1, 2] have been developed for high performance
computation. However, they are not easily accessible due to their high costs. But with the reduction in
processor costs and the availability of high speed LANS, a significant work is seen in the literature to
synthesize parallel machines from a cluster of workstations [3]. The distributed operating system AMOEBA
[4] offers a new language called Orca for parallel programming. More recently PVM [5] is being used in
developing parallel programs on a cluster of workstations. Even a standard interface, MPI [6] is also
proposed for writing parallel programs on message passing parallel machines. Similar work had been
reported in [7] in which, a distributed programming language was developed as an extension of C. The
disadvantage of such an approach is that a novice user can not use it conveniently. Instead, a different



approach has been taken in our work by providing the interface to the POENDOM parallel environment in
the form of library calls.

POENDOM offers a cost effective solution in synthesizing parallel machine from a LAN. The existing
parallel machines IBM SP2 [2], PARAM [10] etc. follow the message passing paradigm for scalability. We
also followed the same approach in developing the support for parallel programming.

The remainder of the paper is organized as follows: Section 2 discusses the methodology and design.
Section 3 discusses the implementation overview. Section 4 discusses the performance evaluation and
finally and Section 5 gives a conclusion of the work.

2 Methodology and Design

POENDOM consists of three components: Master and Slave model, MPL, and MDF libraries. The first
component is an underlying runtime system which supports execution of the parallel programs. The
second and third components are MPL and MDF libraries which offer primitives for developing parallel
programs in POENDOM environment.

2.1 Architecture of POENDOM

Supervisor - Worker model [8] was followed with relevant modifications in the design of the underlying
system. Emulation of a parallel machine mainly consists of two components: a Host node and other
Remote nodes. The architecture of the POENDOM is shown in Figure 1. The runtime system must be
established before submitting a job for parallel execution. First, all the nodes which act as slaves must be
loaded with slave processes. The master process assigns slave processes, name of the task to be spawned
as specified in the configuration file.
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Figure 1: Architecture Model of POENDOM



The master node will perform certain supervisory work. It accesses the user specified configuration
file and assigns processes to the slave nodes. The slave nodes will execute the assigned processes
cooperating each other. POENDOM also allows the master node to execute a task parallely in synchroniza-
tion with the slave nodes to enhance the performance. A logical node_id is attached with each participat-
ing node. The node with the node_id zero is the master node and the other nodes are the slave nodes. The
computed results are gathered by the master node at the host end.

2.2 MPL Library

A parallel program is a collection of subprograms which execute parallely on different nodes but working
on the same problem. The two popular models for parallelism, process parallelism and data parallelism can
be realized using MPL calls. MPL supports the following categories of calls:

+ Port Operations

« Point to Point Communication
+ Collective Communication

+ Synchronization of Tasks

A process has to open a communication channel (port) before initiating communication. A port is a
repository of messages. This concept is similar to TCP/IP sockets. The primitives openport () and
closeport () are provided for opening and closing of ports.

The primitive way of communication is between two nodes via a port. This can be either synchronous
or asynchronous. In the former case, the sender waits until receiver acknowledges the message sent. The
MPL’s sync_send () and block_receive () support this. In the later case, the sender is handed
over the control immediately after copying the message into the sender agent buffer. The async_send ()
andno_block_receive () arethe primitives for this mode of communication.

Collective communication routines are provided for coordinated communication among a group of
processes [6]. Initially, create_mgroup () can be used to create a multi_cast group with a group-
name and specified number of members. Other nodes can register themselves to this group using at -
tach (). The nodes have to specify on which port they want to receive messages. The function
multi_cast () allows to send a message to the members of a specified multi_cast group. The receiv-
ing node can use eitherblock_receive () orno_block_receive () calls. The broadcast facility
of the LAN is used in sending a message usingmcast () to the members of a multi-cast group which are
listening using mcast_receive (). Internally such members are listening on the same port which is
transparent to the user.

When a number of nodes work on the same problem parallely there should be some mechanism to
keep synchronization among all the participating nodes. A node may have to wait till some event has
happened at some other node or a node may have to send the completion signal to a node waiting on this
node. This is can be achieved by using start () and wait () primitives. The start () sends a start
message to all the nodes that are waiting on it. Thewait () allows to wait until it receives start message.

2.3 MDF Library

The data parallelism requires partitioning of data into multiple chunks and each chunk being processed
independently. POENDOM'’s MDF library allows data distribution and processing using multi-dimen-
sional files. MDF supports the following categories of calls:

+ Functions to create MDFs and open MDFs.

+ Functions to operate on MDFs.

+ Functions to maintain synchronization.



The data to be processed by a parallel program will often be in the form of multi_dimensional arrays on
secondary storage. Mapping these arrays onto a one dimensional byte stream in the form of a file will not
only be inconvenient but also inefficient and cumbersome to users. So special files called multi dimen-
sional files (MDFs) which have a structure identical to the data a node is processing are used.

The primitivesarcreat () andaropen () allow to create an MDF and open it in a desired sharing
mode. At the time of creation, name of the MDF should be specified. Once an MDF is created data can be
written into it or can be read from it. Every MDF is divided into a number of chunks. The size of each chunk
is to be specified at the time of creation of the MDF. The functions readchunk () andwritechunk ()
can be used to read or write data out of or into an existing MDF. This helps the user to view the data as a
fixed number of blocks. Functions are also provided to read (write) from (into) an MDF at any arbitrary
position and of any arbitrary size. The primitives readsubarray () andwritesubarray () canbe
used for this. To get the information about an existing MDF by any node other than the creating node, the
function get_attrib () canbe used. This returns the size of each chunk in the MDF, the size of each
element in bytes etc.

To achieve synchronization among a group of nodes, primitives are provided to create synchroniza-
tion groups and to maintain synchronization among the group members. The create_sgroup ()
allows to create a synchronization group with a specified number of group members. The function
g_sync () allows to keep the members in synchronization.

Since MDFs are also one form of files the following procedure has been adapted in accessing the files
to avoid deadlocks:

a. Check whether the portion is already locked by some other node in unsharable mode.
b. If locked wait till it is unlocked.

c. Lock the portion in the desired sharing mode.

d. Perform read/write operation.

e. Unlock the portion.

3 Implementation Issues

The software is designed and developed keeping in mind of the portability and scalability issues. The
work is carried out on an ARCnet (2.5 Mbits/sec) LAN connecting x86 nodes. The network operating
system used is Novell Netware and the nodes run MS-DOS operating system.

The IPX/SPX protocol is the underlying communication protocol that is used in message passing
functions. Since IPX is unreliable, the MPL library explicitly addresses the issues related to reliability in
communication.

On a file server, every file is owned by the node that has opened it. The ownership can be possessive
or communal. The facilities provided by NetWare as synchronization services are used in providing
shared access to the files. In the case of writing parallel programs using MDFs, since all the nodes can
access the files simultaneously, record level physical locking is performed. There are four main steps to
avoid deadlocks: logging, locking, releasing, and clearing.

To use the NetWare method of physical record locking, the protected region of the file is expressed in
terms of a given number of bytes, starting at a given position in the file. A LogPhysicalRecord
request is made first and then a LockPhysicalRecordSet request is made to lock a particular
portion of the file. After the updates are completed, a ReleasePhysicalRecordSet and finally
ClearPhysicalRecordSet requests are made to remove the affect of locking the file.



4 Performance Evaluation

The POENDOM s run-time system is tested by developing a number of parallel application programs. The
programs used both message passing functions and functions that operate on MDFs.

The major observation is that the POENDOM better suits for loosely coupled parallel applications
where the communication is less and computation can be performed more or less independently. Some of
the problems that are tested successfully are: parallel sorting by enumeration, parallel computation of
minimal spanning tree of a graph, parallel merge-split sorting, parallel implementation of median filtering of
a given image, parallel matrix multiplication etc. Figure 2 shows the runtime performance improvement of
a median-filtering algorithm [11] for image processing. In this case, performance is analyzed on fixed
number of processors (p=3) with varying image sizes. Figure 3 shows runtime performance of matrix
multiplication (90x90) and median-filtering (150x200) algorithms [11] on varying number of processors
with fixed data sizes.
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A considerable increase in performance is observed for the problems: parallel implementation of
median filtering of a given image and parallel matrix multiplication. For tightly coupled applications,
because of the network delays and synchronization costs, it is observed that the developed parallel
environment does not suit well.

5 Conclusions

The present work supports developing and running parallel programs on a LAN running NetWare. The
work mainly concentrates on giving support to two parallel programming paradigms: process parallelism
and data parallelism. The libraries are totally portable to work on different networks running on MSDOS
operating system running over Novell NetWare network operating system.

POENDOM supports distributed processing on an existing network of computers. Therefore, it can be
used as a cost effective model for developing and testing distributed processing in academic and re-



search institutions. Various loosely coupled applications developed and executed on POENDOM have
shown improved performance. This has demonstrated the suitability and effectiveness of POENDOM for
distributed computing.
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