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Abstract

Image processing applications (IPA) requirements can be best met by using the
distributed environment. Development of an application having in-built automated
data transfer, capability of using multiple machines in parallel, and robust error
handling is a challenging job.

This paper presents the design of a Development Environment for Distributed Image
Processing (DEDIP) based on Master-Slave model that provides a user-friendly image
processing operational environment.

The DEDIP has been tested for five cases using three simulated packages by 3
operators in 10 runs. Furthermore, fifteen scientists have used the environment to
develop ten image-processing applications for distributed processing. The system is
now operationally being used for the ten applications.

DEDIP provided a much higher efficiency (223% for parallel application to 106% for
sequential application) in comparison with the task carried out manually.
Furthermore, DEDIP gives 90-95% efficiency compared to the best theoretical
expected one. This is an excellent figure particularly because the application designer
achieves it with very little effort, for development of the distributed application.

Key Words: DEDIP, image processing, parallel image processing, distributed image
processing, ease of use

1. Introduction

The research and development work in parallel & distributed-processing area
concentrates on efficient usage of the technology, not the ease of use [1-17]. Most of
the work aims at supporting the higher computation requirement of large applications.
The image processing applications are not that large. However, they need higher
processing power due to large volume of data sets (images). Many small different
applications are executed on different data sets operationally. These applications may
require different resources too. Hence an optimum usage of resources is needed.

The research work carried out by eminent computer professionals [1-17] focused only

on the parallel-programmers’ needs. The image processing applications are
developed by scientists (mathematicians, physicists, remote sensing experts, etc).
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They are not expert in parallel programming. We have developed a full-fledged
Development Environment for Distributed Image Processing (DEDIP) that makes the
development & operationalization of distributed applications very easy.

2. Factors for the Design of the Generalized Environment

The data product generation scheduler (DPSCH) support [18] was an attempt in
providing smooth operational environment for IRS (Indian Remote sensing Satellites)
data product generation. It was developed using the job shop-scheduling model [19].
CVS Prakash has shown the usage of the application scheduler to share a special
purpose resource among the Unix based image processing & analysis systems [20].
However DPSCH is an application. The author decided to design an integrated
environment, which may be user-friendly.

The authors designed a model, DEDIP (Development Environment of Distributed
Image Processing), based on middle-ware architecture extending & generalizing the
work of [18] and [20] in multiple dimensions to cater to all the above requirements.

DEDIP supports multiple process scheduling. The process names and resources can
be configured, added and altered any time. The DPSCH schedules the processes in a
fixed sequential manner. The DEDIP design generalizes it to schedule processes as
per the user’s choice. The user can configure it in sequential, parallel or hybrid
scheduling pattern. The DEDIP reads the process scheduling pattern from the user’s
configuration file. The configuration file can be altered as and when required before
initiating the application.

DEDIP supports a network of multiple heterogeneous systems. The user has to
simply provide the required information in his configuration file. DEDIP supports
automated file transfer among the nodes as required by the applications’ components.
The data transfer requirement may be static for some applications and dynamic for
other applications. The user can manually provide the static information in the
predefined file once for all. DEDIP supports a library routine for generating this
information dynamically during the application execution. The user has to simply call
the routine with the required information. The routine will generate the required file
in a predefined format. DEDIP supports multiple simultaneous applications. It will
not only execute the tasks configured by each application but also provides various
status displays to the operator to monitor and control his session.

The user configures the synchronization point for his application. DEDIP carries out
the required synchronization using its resource management library, for all the
resources required by an application.

DEDIP supports error handling for abnormal termination of any process. In addition
DEDIP extends the same to support the application level implications. If any error
occurred in any task of an application, DEDIP provides the facility to restart the task,
restart the entire application, suspend/resume the application or abort the application.
It handles all the tasks (on host and on remote nodes) accordingly. DEDIP can
schedule the interactive processes on X11 terminals.
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DEDIP supports GUI (Graphical User Interface) on all the platforms. This version of
DEDIP started with enhancing the interaction capabilities on VAX/VMS. Then the
user friendly GUI was developed on Unix, using Motif. Lastly was developed the
Java based GUI.

The DEDIP has automated the application building operations if user provides his
source code and makefiles. Incase the user does not want to give the source code; he
will have to build the application components on all the nodes and copy the
executable at predefined locations. The DEDIP uses a simple meaningful directory
structure that is easy to remember.

3. What user needs to do:

The DEDIP users are application designers, operation managers and operators. The
application designer has to simply break his large application into small processes,
which constitute his application. The break-up depends on resource requirement as
well as processing requirements. Then the designer has to create & use the
intermediate files to integrate the processes. Most of the scientists are very much
familiar with this mode of working. The designer of the application should create
makefiles for each process. He can test his entire application on a single node. He
should prepare an error-list containing error codes, error messages and possible
recovery actions.

Then he configures the following information: (1) process interdependency
information; (2) resource requirement of each process; (3) nodes on which the process
can be executed; (4) list of intermediate files in static dependency; (5) makefiles; and
(6) error-list.

The operation manager can modify the configuration file whenever needed. He may
do it whenever any system is added or removed. He can also prepare multiple
configuration files: e.g. (1) for off-hours to use the personal computers; and (2) for
regular usage.

Either application designer or the operation manager can build the application using
DEDIP.

The operator has to select the application using the
user-friendly navigation and execute it. He can execute
mul tiple applications sinultaneously. He can execute one
application multiple tinmes for different data sets. He
can nonitor and control his session through one
integrated GU for all applications.

4. DEDI P overvi ew:

The DEDIP is based on the master-slave model. The model can be visualized from
figure-1. As seen from figure-1, the master consists of three processes running on the
host, OPRINT, HostManager and Server while the slave consists of two processes
running on workstation, Server and WSManager. DEDIP environment supports
multiple hosts and workstations.

211



The OPRINT is a graphical user interface, which interacts with users. It interacts with
the application designer or operation manager to build the application. It displays the
complete information about the build status of each process on each node.
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Figure-1: DEDIP master-slave model
The OrkiN1 1nteracts with the operator ror toulowing acuons: (1) Application
selection and execution; (2) Application monitoring and controlling; and (3) Error
handling. The operator can filter the views for application overview and details about
all processes of an application. He has following controls over the application; (1) he
can suspend an application; (2) he can resume a suspended application; (3) he can
abort an application; and (4) he can restart an application.

The OPRINT displays the error code, error message and recovery action when any
process terminates abnormally. The operator can either restart the process/application
or can abort the application.

The operator has following controls over his session: (1) Immediate termination: All
the running processes of his session are terminated immediately; and (2) Process wide
Termination: The session is terminated after successful completion of all the running
processes. The DEDIP provides him the facility to continue with the session at the
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next logon. Incase of the first option, the time spent by the running processes is lost
while the second one does not have any such loss.

The OPRINT submits all the requests to the HostManager. The HostManager
satisfies each request with the help of WSManager.

For example, OPRINT sends a request to the HostManager to start an application.
The HostManager reads the application configuration file and generates a linklist. The
HostManager gets the information about the first process from the linked list. It finds
out the target node of the process. If the target node is the host itself then it schedules
the process and monitors, else it sends the request to the Server process on the target
node. The Server process passes the request to the WSManager. The WSManager
schedules the process and monitors. On completion of the process, the WSManager
sends the status information to the Server running on the host. The Server passes the
status to the HostManager. The HostManager checks the status. For erroneous status,
it informs OPRINT to interact with the operator for necessary actions. On successful
completion of any process, HostManager finds out the dependent processes from the
IPA link list and starts each of them. The HostManager transfers the files generated
by the process to the target node before starting the dependent processes. The
HostManager keeps track of each application & each process through out the session.
The OPRINT provides the various displays to keep the operator informed about all
the minute details about the application and the progress of the process.

The Server on host and workstation help HostManager and WSManager to
communicate with each other. It takes care of multiple simultaneous requests.

The DEDIP carries out the optimum resource management using the callable resource
management library in conjunction with the details provided by the user in a
configuration file. This library was developed to support the resource allocation,
release, availability, and file transfer facilities. It allocates the required resource
before task scheduling. The resource allocation routine put the tasks in wait mode
incase the resource is occupied by another task. It releases the resource after
completion. It was observed during the operation of some lengthy tasks that it needs
the resource only for a short duration. In such cases, the application designer can
optimize the resource utilization using the library. The users are familiar with such
programming as they have been allocating and releasing the resources in the manual
mode. All the scheduler processes reside in hibernation (sleep) mode releasing all the
resources to the scheduled processes. A process wakes up by an interrupt or an event.
Thus the resource usage by the DEDIP is negligible.

The DEDIP keeps track of the entire session. Hence, it can restore the session with
minimum loss of processing power in case of power failure.

5. Case study
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The DEDIP was initially tested using five simulated test cases. Later it has proven its
capability for distributed image processing application development and
operationalization at National Remote Sensing Agency (NRSA). NRSA is one of the
operational centers for IRS (Indian Remote sensing Satellites) image processing.

5.1 Simulated test cases:

The efficiency of the DEDIP can be measured in terms of (a) reduction in operator
interaction; (b) reduction in the time delay due to operator intervention. (The time
delay may be due to operator inefficiency, operator non-availability at the required
time, and so on); and (c) elapsed time. The time information was measured inside
each simulated process. Furthermore the scheduler also provides the same details for
each process.

Five cases were simulated for evaluating the above parameters. The simulated
processes were generated resembling the actual processes but for the image
processing interaction/processing. The process dependency chart is given in Figures
2.a, 2.b, and 2.c. The elapsed time requirement and processing node is shown in the
bracket. The DTHS stands for the Data Transfer from Host to Slave where as DTSH
stands for the reverse process. The data volume and the expected transfer time are
shown in bracket. 'T' indicates the tape unit requirement by the process. 'I' indicates
that the process is I/O bound job.

In the absence of DEDIP environment, the operator will have to execute all
commands manually or through command procedure and keep track of the operation.

Case 1: Single package requiring sequential scheduling is shown in figure 2.a
depicting the simplest case. It requires operators' concentration.

Case 2: Single package requiring parallel scheduling is shown in figure 2.b. This is
similar to that of case 1 but operator will have to decide the scope of parallel
processing.

Case 3: Two packages execution, each package requiring sequential scheduling, is
shown figure 2.c. The operator can execute both packages one after another from a
single terminal, which makes the operation easy but decreases the throughput. The
operator can execute both packages simultaneously from two terminals, which
improves the throughput but complicates the operation. This requires a high degree of
operator concentration and increases the probability of operator mistakes.

Case 4,5: Similar to case 2 and 3 but operator uses two terminals under non-DEDIP
environment to achieve better throughput.
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Figure 2.a: Single Package
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Figure 2.h: Single Package having parallel processing
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Table 1: Results for the case studies
Parameters
Without DEDIP Using DEDIP

Case | A B C D A B C D
1 M 5% 32 1 VL | NG 30.5 1
2 H 10% | 52 1 VL | NG 23.5 1
3 H 10% | 74 1 VL | NG 45.5 1
4 H 20% | 28 2 VL | NG 235 1
5 VH |[20% |49 2 VL | NG 45.5 1
M: Medium VH: Very High H: High
VL: Very Low NG: Negligible
A) Operator interaction
B) Time delay due to operator interaction and error recovery
C) Elapsed time (min)
D) Terminals used

The simulated applications were tested using system configuration consisting of
VAX/VMS and Unix operating systems.
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The results obtained by three operators in 10 runs, effectively 30 runs, for the test
cases are listed in table 1. It is clear from the results that the DEDIP provides better
throughput in case of the parallel-processing requirement. The time delay is a function
of operator interaction, network data transfer, and optimal usage of the resources. The
figures given are subjective to the operator efficiency and experience. It is seen that
operator interaction and time delay are higher in non-DEDIP environment compared
to DEDIP environment. They are much higher in the cases exploring the parallel
resource usage under non-DEDIP environment to achieve better throughput.

DEDIP provided a much higher efficiency (223% for parallel application to 106% for
sequential application) in comparison with the task carried out manually.
Furthermore, DEDIP gives 90-95% efficiency compared to the best theoretical
expected one (calculated from figure-2a and 2b). This is an excellent figure as it saves
the valuable development efforts required by each application designer.

5.2 IRS-1C operationalization

The DEDIP was provided to the IRS-1C image process application designers and
operational center for evaluation. DEDIP is wused for development and
operationalization of 10 IRS-1C packages (applications). The list of the packages
operationalized is given in table 2. The system configuration is shown in figure 3. The
High Density Digital Tape Recorder (HDDTR) is capable of storing large volume of
data. It can be used to record the data in real-time too. The FSDU (Frame Sync and
Decom Unit) is the special purpose H/W developed to record on HDTTR and read

from HDDTR.
FSDU, the special H/W
required for data
VAX/VMS based host VAX/VMS based host

10 Mbps network (later augmented to 100 Mbps)

Sun Solaris based Xenix based Xenix based WS
WS WS

24 bit Special purpose Special purpose
RDBMS graphics Image Display Image Display
terminal H/W H/W

Figure-3: IRS system configuration
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Table 2: Details of the packages operationalized for IRS-1C under DEDIP
VAX/VMS SUN SIPS Data Transfer
Package [N(Res |DS |Tim|N |R [DS [Ti (NP |R/DS |tim|Size |[NF (Ti |Src Dest
Name P e P |es me e e me
S
LocAcc (8 |T,D,P|140 (45 |2 |S, (40 |30 40M |5 4 |Vax |Sun
D
1K 1 1 |Sun |Vax
BBR 3|T,P [150 (25 (3 |[S,|150 |35 150M |6 12 [Vax |Sun
D 1K 1 1 |Sun |Vax
OverLap (3 (T,P (10 |9 31S,(10 |12 10M |2 2 |Vax |Sun
D
1K 1 1 (Sun |Vax
SideLap |4 |T,P (10 |10 (3 |S, (10 |12 10M |2 2 |Vax (Sun
D 1K 1 1 (Sun |Vax
RadDgel |4 [T 140 (45 |1 |S, 1 |2 |S|150 |65 |140M (9 60 |Vax [Sips
D
1K 1 1 |Sips |Sun
RadDqe2 (4 |T,D,P (140 (45 2 |S[{150 |65 |140M |9 60 |Vax [Sips
1K 1 1 |Sun |Vax
GepUpd (3 (D 4 25 |1 (S (4 30 4M 99 (2 ([Vax |Sun
2K 1 1 (Sun |Vax
Vim 710D (100 {130 1 |S|100 |80 |70M (80 |15 |Vax |Sips
1K 1 1 ([Sips |Vax
Wifs 5|OD,F (32 |110
Swath 3| 30 |45 30M (100 |3 |Vax [Vax
Where T: Tape D: Database S: diSplay P: Printer OD: Optical Disk F: FSDU
NP: Number of Processes Res: Resources required DS: Data Size (in MB)
Time: Elapsed time
The data size is given in Megabytes and Kilobytes, time is given in minutes and duration is given in month
The above figures are for one image only.

The resources, time and data transfer requirements shown corresponds to one image
(data set). Many images are processed everyday in pipeline mode. The DEDIP
supports the pipeline parallel processing configuration, which increases the
throughput. The typical example of the pipeline mode, for the Location Accuracy
package, is shown in figure 4 for 3 requests. The list of the processes along with the
resource requirement for Location accuracy is given in table 3.
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Figure 4 : Pipelining of 3 Location Accuracy packages
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Table 3 : Package details for Location Accuracy

Data Transfer

Sr | Process Name System | Resources Tim | NF | Size Source | Dest
e

P1 | Ucct DownlLoad Vax T, 40MB 25 6 40MB | Tape Disk

P2 GCP Extraction Vax D, 100MB 5

P3| GCP Approximation Vax - 5

P4 | File Transfer (DTHS) Vax/Sun 3 5 40MB | Vax Sun

P5 GCP Identification Sun S, 40MB, Disp | 30

P6 | File Transfer (DTSH) | Vax/Sun 1 1 1KB Sun Vax

P7 | Img LtLn Vax 2

P8 | Parameters Vax 5

P9 | File Transfer Vax/Sun 1 1 1 KB Vax Sun

P10 | DBS Store Sun D, S,100MB | 1

Where NF is number of files to be transferred.

As seen from the table 3 and figure 4, the synchronization of the pipelining is carried
out at processes P1 and P5. The process P1 requires tape unit in dedicated mode while
PS5 requires display screen in dedicated mode to interact with operator. Such pipeline
processing is achieved for other applications as well as across applications too.

5.3 Utilization analysis (User Feedback)

The simulated test cases as well as the IRS-1C operationalization have proven the
DEDIP usage in operations. The DEDIP’s main contribution was to relieve the
application designers from parallel and distributed programming. The IRS-1C
applications designers have used the DEDIP in developing distributed image
processing applications. The programmers can also implement process scheduling,
file transfer, parallel processing and pipeline processing within their applications.
This requires additional time, and specialized skill for each application.

A survey was conducted to quantify the usefulness of DEDIP. Fifteen key-designers
were interviewed. Everyone expressed the view that DEDIP is highly required.
Furthermore, they were asked to estimate the additional efforts required to develop
and operationalize their distributed application in the absence of DEDIP.
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e Two computer engineers demanded additional six man months per application.

e Three scientist, having 6 years of experience in developing image processing
applications, demanded specialized training and additional 11 man months per
application.

e Two project managers demanded dedicated software professionals for the
same. (“The additional time and training requirement will be given by the
software professionals”, they added).

e FEight persons were reluctant to put such complex/tedious efforts. They
demanded the DEDIP or an equivalent tool as a mandatory requirement.

If we consider 10 man months per application on an average, DEDIP saved
approximately 100 man months efforts for IRS-1C (10 applications). In addition, the
need for training & experience for distributed programming became unnecessary.
Furthermore, it will save similar efforts for other satellites and image processing
applications in future.

6. Related Work

In this section, we summarize some of the research efforts that are closely related to
our work.

MPI [1] and PVM [2] are the earliest systems to provide the distributed processing
environment. SNIPE [3] and Legion [4] are metacomputing systems that can
accommodate a heterogeneous mix of geographically distributed high performance
machines and workstations. HARNESS [5] extended PVM concept. It removed the
PVM kernel limitations to add new services dynamically. HARNESS is built around
services of highly customizable & reconfigurable Distributed Virtual Machine.

XPVM [6] is a graphical control interface and a performance monitor for PVM.
XPVM supports online & post-mortem monitoring and provides several animated
views to monitor the execution of PVM. XPVM does not support the execution of
interactive applications. PADE [7] compliments the functionalities that are lacking in
XPVM. PADE is mainly devoted to the management of the remote compilation and
offers capabilities concerning the PVM configuration. WAMM [8] is also a graphical
console that manages PVM and MPL

JPVM [9], and Java MPI [10] are the Java extension of PVM and MPI respectively.
JavaParty [11], ParaWeb [12], Charlotte [13], Popcorn [14], and Javelin [15] are Java
based systems for distributed computing using Java. JavaParty provides mechanisms
for transparently distributing remote objects. ParaWeb is an implementation of the
JVM that allows Java threads to be transparently executed remotely. Charlotte
provides high-level solution that decouples programming environment from the
execution. Its disadvantage is that the programmer does not have explicit control over
resource utilization. However, its eager scheduling enables the runtime systems to
efficiently provide load balancing. Popcorn provides a Java API for writing parallel
programs for Internet distribution. Applications are decomposed by the programmer
into small, self-contained subcomputations, called computelets. The Popcorn is based
on buyer-seller concept. It has a centralized entity called market that determines
which CPU seller executes the computelet. Javelin is an infrastructure for Internet
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based parallel computing. Any free computer system can volunteer to execute a task
using the applets supported by the Javelin. It follows a client-broker-server
architecture. Bayanihan [16] and Ninflet [17] are also very similar to the Javelin.

All of the above work is excellent. Most of them are complementary to one another,
one solving the limitations of the other. Most of them concentrate on providing
computation power to a large and complex application efficiently. All of the above
work expects efficient parallel and distributed programming skills. Some work
[6,7,8,15] addresses the ease of use. However, their definition of ease of use is around
application compilation, scalability, progress management, fault tolerance, etc.
Furthermore the GUIs of the above models, like XPVM, PADE, support monitoring
and controlling a large application in stand-alone mode only. Therefore, they do not
require elegant & easy GUI support for simultaneous execution, monitoring and
controlling of multiple applications.

DEDIP concentrated on the vast community of users, who are not efficient
programmers of parallel and distributed systems. It made the distributed application
development very easy. It saves manpower efforts and compromises with little
efficiency loss. DEDIP GUI supports all the needs of the operational environment and
it executes multiple heterogeneous applications simultaneously.

7. Conclusion and Future work

DEDIP proved its heterogeneity, adaptability, smooth operation, operational setup,
and ease of operation using IRS-1C operationalization at NRSA. The DEDIP uses the
WSManagers on remote systems which do not require any logon to the system and
hence can avoid the access rights issues. The efficiency of the DEDIP is visualized
during the operation. It is quantified using the simulated test cases. The DEDIP
provided a much higher efficiency (223% for parallel application to 106% for
sequential application) in comparison with the tasks carried out manually.
Furthermore, DEDIP gives a high efficiency of 90-95% compared with the best
theoretically expected value (calculated from Figures 2a and 2b).

The IRS-1C image processing application development has proved DEDIP’s ease of
use. The application designer could save their valuable time and effort while
developing their distributed applications under DEDIP. Neither do they need to
involve specialist software engineers nor do have they to undergo any training.

Thus the DEDIP optimizes the operational resource requirement, improves
throughput and reduces the development & operational cost. Furthermore the DEDIP
relieves the image processing scientists from distributed programming burden saving
their valuable time and efforts.

DEDIP is being developed in Java to make it truly system independent. Furthermore a
few GUIs are also being added to further simplify the application development. The
DEDIP is currently following the static scheduling on the application configuration.
The DEDIP resource optimization is based on the application configuration. We are
working on incorporating dynamic load balancing and automatic resource
optimization to achieve better efficiency.
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