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IMPLEMENTATION OF LARGE COMPUTER-COMMUNICATION PROJECTS IN A
DEVELOPING COUNTRY - A CASE STUDY.

R. Jain

G. Raghuram

Indian Institute of Management,
Ahmedabad, India.

ABSTRACT

The {mplementation of geographically dispersed computer-
communication projects involving large financlial outliays i3 a
complex task, more so in a developing country context. This
paper is focused around a case study which highlightas soma of
the issues 1in the context of Indian Railways decision to
impiement a large computer-communication network for the
management of 1{it’s freight operations. .The case study is
followed by a case analysis which first analyses the causges of
project delay; then issues specific to this being a computer-
communication project, as well as issues which are of general
nature and which we belleve will be appliicable to high
technology projects involving large 1investments in a
developing country context are discussed.

1. INTRODUCTION

The implementation of geographically dispersed
computerisation and communication projects involving large
financial outlays in a developing country context is a complex
task. Lack of experience of implementing such projects
elsewhere in similar political, economic and social contexts
makes it harder for the wvarious actors to find a basis for
their decisions (Gupta, 19831. The newness. of the technology
and the large amounts of money involved lead to a scenarlo
where decision-makers are apt to postpone taking hard
decisions. Added to the complexity of the decision procesgss is
the multipliicity of dimensions on which choices need +to be
made. Some of these are:

1. Should this opportunity be wused for aiming towards
technological self-reliance visgs-a-vis importing proven foreign
systems? Would adaptation of such systems to suit local
conditions build enough indigenous local expertise?

2. Should this opportunity be used for acquiring latest
hardware/software/communication technology or could
incremental upgradation of the old technology serve the
purpose?

3. What shall be the organizational structures and
mechanisms for implementing this system? Would the



implementation of such a system necessitate organizatlional
restructuring?

4, How to evolve appropriate mechanismg for management of
the inevitable territorial turf-war between the user
department and technology departments (e.g. electronics and

communication’.

5. Which gsystem implementation strategy 1is bound to be most
cost-effective? Which strategy will ensure smooth transi{ition
from manual to computerized system?

6. Geographically dispersed computer networks may be
architecturally implemented in. a number of ways. Which
architecture reflects the managerial decision context of the
aorganization the best? Which architecture 1s economicalliy and

technologically feasible?

Thia paper is focused around a case study which
highlights the 1ssues discussed above 1In the context of the
Indian Railways decision to implement a large computer -
communication network for the management of its freight opera-
tiong [0OI1S, 19861. The case study 1is followed by a case
analysis which first analyses the causes of project delay;
then is3sues gzspecific to this being a computer-communication
project, as well as issues which are of general nature and
which we believe will be applicable to high technology
projects invoiving large investments in a developing country
context are discussed.



2 CASE STUDY

OPERATIONS INFORMATION SYSTEM IN THE INDIAN RAILWAYS

Mr. N.C.Gupta, the Executive Director of the Centre for
Railway Information Systems (CRIS) was reviewing the plans for
implementing the Operations Information System (0IS) on a
portion of the Northern Railway. With a budget of Rs. 450
million for the year 1991-92, a sense of optimism was slowly
creeping in to the project team who now felt that the nearly
deralled project could be successfully put back ‘on track’. So
far, nearly Rs. 700 miilion out of a total project cost of Rg.
10980 million had been gspent on a central computer, the
foreign consultants and the establishment of +the project

team.

Due to the long delay in the implementation of the
project, the project execution team which had been carefully
aggembled with a judicious mix of both railway and non-railway
computer  professionals, had thankfully been spending their

"time on developing a number of stand-alone application
software and organising computer related training for the
Indian Raftlways., In fact, the team would today be better known

for their application software and training efforts rather
than the original purpose of implementing the O0IS.. Mr. Gupta
was recollecting to the authors his close association with the
conception, formuiation, evaluation and now the beginnings of

the {mplementation of this project of computerising the entire
freight operations information system for the indian Railways.

Indian Railways:

Jndiah Railways (IR) is Agia’s largest and the world’s
second largest system under a single management (Indian

Railways Year Book, 19911. The responsibility of the
management and other administration of Indian Rallways rests
with the Railway Board under the over all the supervision of

the Ministry of Railways. The Railway Board exercises all the
powers of the Central Government in respect of regulations,

constructions, maintenance and operations. The Rallway Board
congist of the Chairman, the Financial Commissioner for
Railways and tive functional members for Electrical,
Engineering, Mechanical, Staff and Traffic. The Chairman,

‘Railway Board is responsibie to the Minister for Railways for
arriving at decisiaons on technical and non-technical issues
and advising the Government of India on matters relating to

Rallways.

This case study 1s based on extensive Interviews with officers
in IR and Centre for Railway [Information Systems and in-depth
gtudy of documentza related to O01S. The authors take full
responsibiiity for the views expressed here.



The IR is expected to meet the soclio-economic objectives
of all gections of the community and also generate sufficient
resources to meet the working expenses and liabilities. The IR
{s also expected to provide additional funds for projects for
renewing {ts assets and undertake expansion and development
of the existing infrastructure. The [R is not free to adjust
the fare and freight rates to fully cover the necesszary prices
for various inputs used by it. Proposals have to be made, both
for projects and fare revisions to the Parliament, which then
hag to approve 1it. Politlical executives of the Railway
ministry exercise a strong influence during the debate on such

proposals.

On operational and managerial considerations, IR is
divided into nine zones, each of which is8 under the controi of
General Manager. Each zonal railway comprises a number of
divisions headed by Divisional Railway Managers. There are a
total of 84 divisions. The division controls the fiegld
activity centres iike - yards, locomotive gsheds, goods
transhipment and goods packing sheds, carriage and wagon
depots etc. Apart from the operating =zones, IR has six
production units and six training and research centres.

IR operates a multiple (broad, metre and narrow) gauge
network of about 62,000 route km. |t carries over 330 million
tonnes of freight traffic and 3650 million passengers every
year. There 15 a fleet of about 8500 locomotives, 31,000
passenger service vehicles and 350,000 freight wagons. _ The
total investment in the system today 1s Rs. 146,000 milltion.:
The regular work-force totals 1.685 million employees. Of the
three gauges, the broad gauge is the most significant since
it carries over 90% of the frelght traffic and more than 83%
of the passenger traffic. Exhibit I shows the major reporting
centres from the broad gauge portion on IR.

Developmental activities across the nationtover the years
have contributed to 1Increased freight and passenger trafflic.
The freight traffic hasgs increased from 44 billion tonne km in
1350-51 to nearly 260 billion tonne km in 1980-91. The
passenger tratffic has grown from 66 billion passenger km in
1850-51 to 285 billion passenger km in 1990-91. The focus of
IR’2 efforts In dealing with 1increasing volumes of traffic
over the years has been to improve the utilization of locos,
coaches, wagons and tracks. For example, on the broad gauge,
the wagon km/wagon/day has increased by neariy 1.8 times from
62.3 In 1950-51 to 112.1 in 1989-90. The gross tonne km hauled
by IR has increased by nearly 323%, while the number of locos
had 1increased only by 4.6%. The wagon turnaround time which
was 15 days in 1973-74 has been reduced to 11.3 days in 1989-
890. There wag a feeling that further operational improvements
in IR could now be brought about only by improved information
gystems. ;



The Beginnings 0¢ 0OIS:

From 1960 to 1377, IR had onily been wusing [BM-1401s in
the zonal headquarters and the Railway Board. The increaszing
volume of operations over the years and a consequent
complexities nrecessitated upgradation of the technology and
greater computerisation. A railway task force was set up in
1977 to study possible areas of computerisation. Among many
others, it identified freight operations information system
(0IS) and passenger reservations system (PRS) as two key
applicationa, A study team set up in 1973 vigited real time
computer systems on the above applications on rallways and
aliy lines in USA, Canada, UK and France. This team not
only - detailed the computer configurations and applications,
but ailso quantified the savingz which each of these systems
brought about. All Railways had reported a 10% to 20%
reduction in fleet due to computerisation. Specifically, it
was estimated that computerisation in British Rallways had
brought about a savings of approximately $6.2 million a year.
Savings on the Canadian Railways were greater, amounting to
4450 million on equipment alone. The system had also brought
about reduction in wagon turnaround time from 17.5 days in

1975 to 13 days in 1978.

On 0I5, the team recommended that a freight operations
system implemented on an [IBM computer developed by the
Southern Pacific Railway (USA) called TOPS (Total Operations
Processing System) (Exhibit 2) be suitably modified and
implemented in the four major cities of Madras, Bombay,
Calcutta and Delhi. The team also recommended that PRS be
implemented with 0I5, stating that PRS was financially viable

only 1{f it was implemented along with 0IS. They estimated
the total project cost (OIS <+ PRS) to be Rs. 2100 milllon of
which Rs. 10600 miliion was for communication. The team

estimated that adapting a TOPS based system would take 5 years
whereas developing a new system afresh could take 8-10 years.

In the mean time, the VWorld Bank, having come to know
about the report of the 1979 study team, expressed 1its
wiliingness to finance the project, provided all systems were
imported. It was also agreeable to financing other projects
in IR, provided 0lS was implemented. Importing the entire
system ag a strategy for computerisation was opposed by I[R.
Subsequently the World Bank revised its condition and to date
is taking continued interest in 0OIS.

Setting Up Of OIS Directorates

In May 1981, a separate directorate was. set up in the
Railway Board for implementing 01S. The Director (0IS)
reported to the Chairman, Railway Board. Given the  large
magnitude and 1implications of ‘the 01!S project, the OIS
directorate recognised the need to involve other ministries
like the Department of Electronics (DOE), Department of
Telecommunications - (DOT) and agther related organisations in
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the country; An 1nter-ministerial‘uorking group was get up to
examine various issues reiated to implementing OIS.

Meanwhile, a study commissioned to be carried out by the
Electronice Corporation of India Limited (ECIL), a public
sector undertaking manufacturing computer hardware, found that
(a) a distributed configuration with many computers, each
covering a small territory was not cost effective and (b)
indigenous hardware was not capabie of covering a -large
territory like one zonal railway as a centralised system. The
impiication was that a centralised system with imported
hardware was essential. Ty

Another public sector undertaking involved 1in software
development, Computer Maintenance Corporation (CMC) and the
015 directorate jointly decided to explore the design of
software to cover the management of yards and terminala, as
part of a CMC project funded by UNDP. The prototype software,
which was experimented on a zonal rallway, helped generate the
~ neceagasary skllls and experience for fleid implementation.

inter-Ministerial Meeting:

An inter-ministerial meeting between the Chairman,
Ratlway Board and secretaries of the Departments of Atomic
Energy (the controlling and administrative ministry for ECIL),
Department of Economie Affairs, DOT, DOE, and the Planning
Commission was held in July 1981. They discuszed the 1979
study team report and the ECIL study. The 1ssueg of major
concern that emerged were a) indigenous versus imported
software and b) management of the telecom network.

Regarding the software, the Chairman, Railway Board and
Secretary, Department of Economic Affairs felt that since the
introduction of OIS had already been delayed, a successful
foreign system (TOPS) could be adapted to sult the needs of
IR, The adaptation process would also lead to the development
of 1Indigenous technology and expertise. However, Secretary,
DOE <(eariier Chairman, CMC) and Secretary, Department of
Atomic Energy felt that since TOPS was an old system (60s), 1t
would not have exploited the recent developments in computer

technology. Moreover, the adaptation of TOPS may be more
difficult than the desgign of a new gsystem. Inatancea of
compiex computer and communication 3systems succesafully

implemented indigenously were cited to gupport this point,

Regarding management of the telecom network which was
expected to be the largest capital component of the O0IS, the
Chairman, Rallway Board felt that succeasful operation of this
application was pogsible only if the communication channels
were operated and maintained by IR. . However, Secretary, DOT
teit that the DOT was better placed to develop, operate and
maintain the communication network.

Finally {t was decided that before coming to a specific
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conclusion about the kind of computer and communication system
to be used for 01S, IR would define the operational/user
~requirements of such a system for one major zone, namely the

Northern Railway with assistance from DOE, ECIL and CMC.
Thig would then be used as the basic input into two paralletl

studies:

1) A team conaisting of representatives from Railways, DOE,
DAE and DOT would vistt five railway systems - SNCF of France,
DB of West Germany, BR of UK, CN of Canada and SP of USA, to
study their 0IS and assegs (a) the possibility of adapting
such systems {n India (b) how recent the technology was of
these sysatems and (&) the capability of the gystems for
providing additional wuseful information and operational aids

to IR.

1) Simultaneously, a pilot OIS project study would be
undertaken on the Northern Railway with active involvement of
CMC, ECIL, and other Government and autonomous bodies involved
in software design, to evaluate various alternatives for
system architecture iIin terms of their suitability to IR
operating and management considerations.

A gecond inter-ministerial meting in May 1982 came to-the
conclusion that the telecom network would be completely
managed by IR. -

Study Results:

The two studies mentioned above were undertaken during
1982-83. The major conclusions of the team that went abroad

wvere as follows:

1. The team had not seen a proven totally distributed
aygstem. TOPS baged systema (implemented on 5P, BR and CN) were
superior to other systems. Foreign consultancy support for

the core function of TOPS would be needed. CN would be a good
choice since the operating conditions (large gecgraphical
spread) and telecommunication technology (microwave channelg)
were similar to the Indian context.

2. - Adapting a proven system took 4 to S years for
implementation while developing a fregsh system took 8 to 10
years.

3. Al}l the railways vigited owned their own communication
network. Even CN, which had earlier handed aver the
communications to a sister organisation, now operated the
network by itself due to problems with the other management.

The pilot project team evaluated two configurations. In
both cases, all the {dentified core functions were to be
processed .on a central system. The difference was that the
decentralised functions were to be processed either at the
regspective zonal/regional systems or at the reapective
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-divigional systems. The team went 1into great details
regarding speclfication of hardware, software and telecom
-requirements for the two configurations. The investment cost
estimates for the two configurations were Rs. 4780 million and

"Rg, 5200 miliion resgpectively. The communication component
"was about 70% in both the cases. The foreign exchange
component was 29% and 26% respectively. Subsequent studias

chogse the configuration requiring the zonal systems. Exhibit 3
provides the details of the chosen configuration.

Both the studies estimated the total time for project
implementation at 10 years.

PRS Implementation:

During 1983, the Railway Board decided to go ahead with
the implementation of the PRS, independent of the 018, The
primary reason was that the railways, aching for modernisation
through computerization saw this as the only way to gailn the
‘.des;red push and vigibility. It ig also important to note that
general elections were expected to be held 1in 1984, The
efforts on the PRS development began cautliousiy, first at the
New Delhl ratlway reservation centre, on the advise of the
Executive Director (0IS) (the post had been upgraded 1in the

interim period). The FRS was implemented with 1imported
hardware and CMC developed the software. Over the years, the
'PRS proved to be a very successful application, well received

by the customers.

Spurred by the success, the railways expanded the PRS to
"cover five major cities with databases, one with indigenous
hardware. By 1990, the actual number of citles served had
‘increased to nearly 30, <covering about 70% of the reservation

requirements.

Approval of 015

During 1983 the Railway Board approved the 0I5 project
with a financial outlay of Rsgs. 5,200 million. This did not
automatically mean that the funds would flow right away. Ag
the PRS implementation took the limelight, the OIS seemed to
get the backseat for a couple of years. By early 1985, a new
government under Prime Minister Raj)iv Gandhi was 1in place.
This government subscribed to quick technology upgradation in
all spheres of activity. The Rallway minister was equaily in
tune with this philosophy and wanted to give a push to the
0iIS. After the initial success of the PRS, the Rallway Board
gset up a separate organisation named Central Organisation for
Freight Operations, Information and Control Systems under
the Executive Director (0!S) 1In July 1885, The objectives of
this organisation were mainly to:

1. Set up a conzgultancy arrangement for OIS and start
preparing the Detailed Project Document - (DPD) consisting of
the speciftications and estimates for computer hardware,
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software modifications, telecommunications, and staffing,
training and implementation schedules.

2} Develop a detailed plén for the zonal systems in
consultation with CMC and ECIL. N

The conguliting armg of BR and CN, respectively called
‘TRANSMARK and CANAC were shortlisted asz the finaliats for the
&Onsqltancy support. Subsequently, CANAC was selected as the-
‘consultants for supplying and modifying TOPS for IR (for on-
dine applications only), training people and assgsisting in the
preparation of the DPD." The major responsibility for design of
‘the computer systems for handling zonal functions was given to
CMC. ECIL was given the responsiblility for the design of the
.data communication equipment required to interface between the
computers and the transmission media.

in January 1986, Ma/DETECON were appointed ag telecom
consultants for preparation of ‘detailed design of the
transmission media infrastructure for meeting 0I5 requirements
and for the needs of IR upto the year 2000. The telecom
consultants were to evaluate three transmission media -
microwave, optical and satellite. 1t was planned that the 0IS
interface segment with the central system would be designed
and {implemented after mutual consultation with  CMC, ECIL,
Rallways, CANAC and Ms/DETECON. Subsequentiy, it was decided
to use digital microwave as the transmission technology,
without waiting for the report of the consultants. -

The DPD for OIS, submitted {n October 1988, with the
report of Ms/DETECON for the communications component,
‘estimated the total cost of the project at Rs. 17770 million
which wag over three times the already approved cost. The
difference in the estimated costs between the DPD and the
Pilot Project was primarily due to the telecom components.
Ms/DETECON had planned for a digital microwave network afresh
for the entire needs of IR without considering upgradation or
usage of existing channels. ‘

Centre For Railway Information Systems:

Aa the DPD was being finalised, the Railway Board set up
an independent society, called the Centre  for Railway
Information Systems (CRIS), eggentially taking over the
Central Organisation for Freight Operations, Information &
Control Systems, to take up the planning and implementation of
01S. CRIS was registered as a soclety Iin May 1986, giving 1t
autonomy In recruitment and project execution. The budget was
controlied by the Railway Board, though. The stated charter
of CRIS was not limited to 0IS. Exhibtt 4 glves more details
about CRIS5. At about the same time, an organlzation called
IRCOT was set up to manage the telecom requirement of O0IS.

In the setting up of CRIS, the Rallway Board had
recognised the need for involving computer experts who were
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non-iailwaymen. This gsought expresgsion even in the choice of
the first executive director of CRIS. Mr. Azit Chandmal, who

was the Managing Director of a highly successful joint
venture, Tata Elxsi at Singapore, was offered the Jjob in
September 1986. But this did not go well with the other
railway executives, especially those closely associated with
the project. Aa a leading business fortnightly, Business
World reported in February, 1987 - "To the notoriously
clannish fraternity of railwaymen, this was an affront that

they c¢ould not take lying down for as they pointedly mention,
it was they who had taken up the equally difficult task of
designing, evaluating and conceptualising the computerisation

programme for Indian Railways in the first place."

After accepting the offer, Mr. Chandmal joined CRIS in
early 1887 but stayed only for a few days. Mr. N.C. Gupta,
the Executive Director (0IS) in the Railway Board wag then
appointed {n his place. Continuing 1its report on these
events, the Business World stated - "It is a measure of the
unconcealed hogstillity to Chandmal’s appointment as head of
CRIS that not only has Chandmal, after long months of delay,
recently decided to backtrack on his decision to join the
railways but that in an . abrupt reversal, the dapper N.C.
"Gupta, the IBM trained executive director (operations and
information services) in the railways, has been designated the
new: chief of CRIS." After these events, CRIS effectively
started functioning in July, 1887. The annual establishment
budget of CRIS has grown to Rs. 7 million.

Alternative Plan By DOE And The Response By CRIS:

On submission of the DPD in October 1986, serious concern
was volced by the other involved organisations about the sgteep
gscalation in the cost of the project. The DOE, watching the
developments with {nteregst, suddenly jumped into the fray by
independently submitting an alternative proposals 1in April
1887, with the costs assessed at less than Rs. 5000 million.
DOE considered three alternatives for implementing OIS: a) A
centraliged syatem with data communication based on satellite
and a supplementary voice network based on satellite and VHF.
The total coat of this proposal was estimated at Rs.4980
mitlion. b) A four centre TOPS-bagsed system at Delhi, Bombay,
Calcutta and Madras/Secunderabad with similar communication
technology as the above option, but an appropriately modified
network. The cost of this alternative was estimated to be Rs.

4450 mililion. c) A multi-level digtributed system gso that
01S functiona could be performed in a decentralised manner.
All computer systems for this approach would be avallable

indigenousiy. The communication technology would be similar to
the other options. Micro earth stations would be installed to
provide data communication facilities (400 in altl). The cost
of this alternative was estimated at Rs. 3770 million.

The Business World reported - " .. (The DOE claims that)
the projections of data flows to be handled by the system as
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worked out by the rallways, are highly exaggerated. It 1is
this, in conjunction with the needless iInsistence by the
railways on a voice channel, that has reportedly sent the
project cost zooming from the (earlier) estimate of Rg.5200
million to a figure <close to Rs.20,000 million. ...Given the
fact that Seshagiri (Additional Secretary, DOE) i3 himself a
member of the governing council of CRIS, quite clearly there
seems to be a communication probiem between the rallways and

the DOE. ™

CRIS felt that the DOE proposals were not realistic.
According to CRIS, the user needs were not fully understood by
DOE,  and attributed this to the fact that no raiiway official
had been involved in DOE’s estimates of data flows. In the
area of computer architecture, the DOE proposal went ¢to the
beginning, re-examining decisions already taken (like
distributed processing not being feasible and the software at
the central system being TOPS with modifications, etc. to
which DOE were themselves a party)., Of the three alternatives
suggested by DOE, the second and third substantially modify
the system architecture, computer sizing and configuration.
Some of the specific issues suggested by DOE and not agreed
to by CRIS, along with the reasons for the diagreement were
as follows:

[ssuesg Reasons for Disagreement
(a) Since IR has a four Though the failways are
tier management structure, a organised as a four tier
distributed system may be structure, the rolling gstock
more appropriate. of the rallways are not

handied oniy locally. 1t is
the nature of this moving
asset which requires a -
central computer system.

(b) Development time for Even the software for
OIS can be subsitantiaily cut sygtems being developed by
down by use of advanced CMC da not use 4 GL tools as
fourth generation language these would not gatiaty
(4 GL) tools rather than regponse time requirements.
modification of TOPS. : Further fresh development
effort would take substant
ially more . time than

modification af an existing
proven system.

(e) Use of a disagter Though this approach for the
back-up system in a manner disaster back-up has some
that 1{dle capacity of the ~advantages, disadvantages
disaster system can share ralate to Communication and
normal OIS load. . management control.

(d) Implementation of the Flield implementation of

i1



system to be completed in maagive real time system s
three years. - ~compiex and three years is
very optimistic.

(e). Valce requirements Voice Communication is
shouid be replaced by essential for IR operation.

message switching networks.

The haranguing match between CRIS and DCE continued

for a while. It did have the 1impact making CRIS take a
harder 1look at the costs. CRIS prepared a series of revised
estimates by pruning the computer segment cost and the

telecommunication cost (by envisaging a mix of digital
microwave and satellite based communication). The costs were
pared down from Rs.17,770 miliion to Rs. 15,000 million. Even
in this amount, it was decided that out of the Rs. 5660
million required as depreciation reserve fund (DRF) for
upgradation works, Rs. 2840 miilion could be charged to the
Signal and Telecommunication budget of the |[R. Thus the
project cost was projected as Rs. 12,160 million. (Exhibit

5).

Reappraisal Of The 0!S Project:

An outcome of te CRIS-DOE exchange was that the Planning
Commission (an apex body which has an influential say on large
investment projects) got into the act in January. 1988. It
instructed the Railway Board to undertake a fresh appraisal of
cogts and benefits of the QIS and to work out the plan to
finance the project. The Railway Board appointed a three-man
committee (consisting of the Executive Directors - CRIS, OIS
and Corporate Planning)., to work out the feasibility and the
financial viability of the project along with the foreign

exchange requirements.

In 1987, the Railway Board had decided to go to the
capital market by floating bonds to raise additional resources
for major projects and capital acquisition. Consequently,
they wanted the OIS to be evaluated with the scenario of
borrowed capitali from the open market. Further, wvarious
alternative scenarios for the 1implementation strategy were
guggested for the evaluation, as indicated below:

A: The project is implemented on just the Northern Railiway.

B: The project i2 {mplemented on Northern, Eastern and South
Eastern Railways.

C: The project is implemented in 1its entirety (covering the
entire [IR), {n seven years.

D: The project is implemented ih its entirety, but witﬁ

the communication links shared with DOT, wherever feasiblae,
thereby reducing the cost of the telecommunication segment.

12



E: The project 13 postponed. In this cage, the funda require-
ments, yearwise, on the following accounts may be worked out:

i) acquiring additional wagons and locomotives that would
become necegsary, without implementation of O0IS project, to
carry the additional projected traffic;

(11) replacement of telecommunication equipment, as it becomes
due, on age-cum-condition basis (under the depreciation
reserve fund); and

(ii{)> any other implication.
F; Same as Scenario C, but project lIife extended to ten years.

In the gpecification of the scenarios, the Railway Board
had obviously attempted to anticlipate the key concerns as well
as likely objections from other organisations. Capital
availability, which would influence the coverage and time
frame of the project came through as an important concern.
The possibility of sharing of the telecom lines with DOT was
explicitly recognised. For the first time, an attempt at
quantifying the ©benefits was attempted, which was further
highlighted in the scenario of postponing the 0IS
implementation. The Railway Board further desired that
information regarding a) impact on the Railways’ operations in
case of total system failure and b) life of hardware and other
aquipments indicating time span when these would need
replacement, should be furnished. '

The regults of the evaluation were as follows:

Scenario Capital Foreign IRR*» IRR with DRF+
Cost Exchange % %

A 3830 1250 “ve -ve

B 7790 2520 - 22.3 19.6

C 12160 3840 27.7 23.7

D More costly than C - - -

E 27000 - - -

F 12180 3840 Not Avlibl. 20.9
* [RR = Internal Rate of Return All costs in Rs. million
+ DRF = Deprecifation Regerve Fund at 1986 prices.

Further Developments:

_ In the meanwhile, CRIS effected further revisions in the
costs by removal of the provision of disaster back-up and
reducing the number of applications to be implemented. This
brought down the cost 3successively from Rse.12160 million to
Ra.11970 miilion and subgequently to Rs.108980 million. The
following table gives the latest estimates of costs and [RR:
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Option Estimated Cost ' Foreign IRR on

Cap. Capital DRF Totat Exch. Total
content cogt %
N.Rly only 3410 0 3410 1000 -ve  -ve
N, E & SE Rlys 8320 550 6870 1800 19.6 22.0
All Rlya (7 yr3) 9760 1200 10960 2670 26.0 29.8
All Rlys(10 yrs) 9130 . 1800 10890 2670 22.6 27.0

e - e e e e . . e . A G e TR e B GB WD i e e R e P G e S M e e e = M MR N P AR E R S e L e en wm - - = = e -

All costs in Rs. million, at 1886 prices.

In iate 1888, the Planning Commission approved .the
revised proposal by CRIS. By then, about Rs. 300 million had
been spent on the O0IS project, based on the allocations
subsequent to the 1983 approval, on preparation ofv DPD,
payment to consultanta (CANAC, CMC, ECIL, DETECON), training
of IR officers in Canada and the establishment of CRI3 and
IRCOT. During 1988-889, (1989 was again an election year), a
further amount of Rs. 350 million for the purchase of a
central and a zonal computer and the setting of a development
simulation centre had been zsanctioned. This gave a boost to
the activities of CRIS, since now the software development and
experimentation could begin. One [BM 3090 machine costing Rs.
60 million for the central system was imported and ingtalled
in the CRIS office, inaugurated by the Rallway Minister on
April 11, 1989. For the zonal system, one PSI1-Bull DPS-7000
machine costing Rs.15 miliion was ingtalled in the CRIS office

for developmental! work.

‘ Modifications to the existing TOPS based programmes were
started. Towards this, the consultancy arrangement with CANAC
wag extended upto 1991-92. CMC set up a Rail Freight Group to
work on the 2zonal and interface system software. A separate
group within CRIS got involved with 0I5 in a dedicated
mannsr. Subsequentliy, CRIS felt that 1t had acquired the
necessary expertise for the software modification and
development. Hence it decided in late 1989 that tha services
of CMC would no longer be required. Similarly, it was felt
that since IRCOT had acquired the necessary telecom expertise,
services of ECIL would no Jonger be required.

In the meantime, since 1988, with the advent of
inexpengive micro and min{ computers, IR sgtarted getting
computers for decentrallsed stand alone applications at the
diviaiona, workshops, stores depots and other field units.
The role of CRIS in promoting the use of this equipment has
been quite catalytical. A bottom-up computer culture was
developing in the railways. This led to a better acceptance of
0!S from the userg at the field level.

The high-tech oriented government loat the 1989 general
elections. The new Ra{lway minister was not in favour of large
scale computerisation, though on the 0IS he was quoted as
saying "...we have reached a point of no return.” The Railway
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Board approved the project with a reviged budget of Rs.
10,880 million in early 1990. However, no significant amounts
were allocated for expenditure in 1990-91. In 1991, eilections
‘had to be held again and the pre-1989 government was back in
power, winning on the sentiment generated by the Rajiv Gandhi
assassination. Out of the OIS project funds, Rs. 450 millian
were allocated Iin 1991-92 for field trials in a portion of the
Northern Railway. It was expected that the remalining amount
of about Rg. 2500 miliion for field implementation on the
Northern Railway would be released in the next two years.
Subsequently, the other zones on (R would be taken up for
computerization.

And 3o the project continues...
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EXHIBIT 1
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EXHIBIT 2
TOTAL OPERATIONS PROCESSING SYSTEM (TOPS)

Total Operations Processing Systém (TOPS» is a system

designed speclifically for rallway operation transaction®
processing. TOPS5 has been operating efficiently on a number
of railways of varying sizes for over 20 years. Having been
developed for a small raflway system (Southern Pacific), it
has been used for a fairly large system of the Canadian
National Railway. TOPS being a special purpose package, is
more efficient than a general purpose transaction processing
gsoftware. It has a transaction processing software speciaily
~designed for railway operations. 3

TOPS 13 implemented in TOPSTRAN which -is an assembly
level language with macros. - From the initial machine and
operating system for which TOPS was implemented, it has
- migrated to improved hardware and modern operating systems.
TOPS software concernsg 1{itseif with iocomotives, wagons and
consignments which are the major components of the OIS
functions. Anything affecting their movement and operational
status is captured by TOPS.
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EXHIBIT 3
DETAILS OF THE 015 CONFIGURATION

The OIS was to be implemented as a two tiler system
consisting of a central system computer and 7 smaller
computers in the 2zonal raflways. There would be functional
division of work between the central and the zonal system.
Locations for data entry terminals (known as Area Reporting
Centres (ARC)1 . were identitied. Each ARC would be
responsible for the data reported to it from a nominated
geographical area known as its Responsibility Area.

CENTRAL

COMPUTER

SYSTEM
(CPU)

FRONT END PROCESSOR(FEP)
HANDLES DATA COMMUNI - FEP
CATION FUNCTIONS

SEVEN . )

FEPs Z1 | FEP z2 FEP 27 FEP
AND ZONAL | :
COMPUTERS 4//////<$’:;;27/

131 AREA
REPORTING ARC ARC ARC ARC
CENTRES

TERHMINAL LOCATIONS WITH KEYBOARD +
VISUAL DISPLAY UNIT +
PRINTER '



EXHIBIT 4
CENTRE FOR RAILWAY INFORMATION SYSTEMS

The Centre for Railway Information Systems (CRIS), iz a
Government Society formed by the Ministry of Railways under
the Chairmanship of the Minister of State for Rallways. The
Governing Council of CRIS is constituted as follows:

Minister of State For Rallways : Member & Chalirman
Chairman, Electronics Commission Member
Cabinet Secretary Member
Chairman, Railway Board Member
Financial Commissioner, Rallways Member
Secretary, Communications Member
Secretary, Department of Electronics . Member
Additional Secretary to P.M. - Member
Executive Director/CRIS and
upto 3 other Directors of CRIS Membersg

In addition there is provision for nomination of upto S
other speclalists on the council.

CRIS 1s an autonomous organisation, get up with the
objective of taking uvup computer related activities oan the
Indian Railways, for the following reasons: -

a. To avbid duplications of staff by individual railways.

b. To ensure standardisation of computer hardware and
software on the railways.

c. To undertake design and development of major applications
on rallways requiring higher levels of expertise, continuity
of personnel, sustained guidance, and system wide

applicability.

d. To organise the combined effort of railway executives
and computer specialists, considered esgsentlial for the
development of computer application on railways.

e. To develop expertise Iin highly specialised filelds like
operations research, simulation, expert systems, CAD/CAM,
process control eate.

P To‘keép abreast of the fast changing technology in the
computer field. -
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EXHIBIT &

REVISED COST OF 0!S PROJECT

Revised Capital DRF DRF Reviseg

Original Reductions

OIS S&T Cost

Project
=(4)+ (5.

(4) (5 (8) (7)
3575. 4 - - as7s

'5200.2 2820.0 2840.0 8020.

5685.0 - 568S5.

Cost Proposed Total
' Cost
(L) (2) (3
Computer 4095.8 520.4 3575. 4
elecommunication:
Main Network 12976.2 2116.0 10860.2
Local Network 699.0 134.0 565.0
DTAL 17771.0 2770.4 15000.6

89340.6 2820.0 2840.0 121860.

l[gures in Rs. mililons

1. The above distribution of costs takes into account the
observations of the DOE Committee’®s Report.

2. Marginal variations in original cost as compafed to

is due to rounding off of the figures.
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3. CASE ANALYSI1S:

This case brings out issues related to the pre-investment

of a project involving

and sanction.

stage
appraisal
project management,
the pre-investment stage
improvement {(Korgaonkar,
project, the usual

and cost overruns, sometimes

fdentification,
Out of
namely pre-investment
provides
19871.

experience in the
to the extent that the viability

formulation,
two major stages in
and implementation,
the greatest scope for
in completing a large
Indian context is time

the

of the projects themselves are Jjeopardized. The main reason
for this is that ¢the time and cost estimates are not
accurately worked out during the formulation stage.

Time And Cost Analysis:

For the OIS project, even though we are not yet 1in =a
‘position to examine the post implementation time and cost
inaccuracies, the pre-investment wvariations are available.
Table 1 summarises the major events and the time and cost

estimates at various points

stage. Table 2
their possible causes.

Table 1:

Study team constituted
to study benefits of
computerized OIS

May 1981 Setting up of the 0IS

directorate

Two study teams set up.
One to evaiuate the
major computerized 01S
in France, UK, Germany,
Canada and US.
a pllot poject team to
evaluate alternative
architectures.

July 1981

Result of study teams
available

1982-83
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in time during the
highlights the delays

The other

pre-investment

during this stage and

Major Events, Time and Cost Estimates

Estimated Time
of Completion
of the Project

(in Rs
millions)

e - e e e W W e em = e e e e e e — -

5 years if TOPS based

system was adapted 2100

8-10 years for a

fresh implementation

10 years 4780~
5200



July 1985-VWorking on and sub-
0ct.1986 mission of Detailed -
Project Document (DPD)

May 1886 Setting up of CRIS

17770

Apr. 1987 DOE brings forth aiter- 5000
native proposals

May 1887- A serles of reassess-

1988 ment of costs by CRIS

required by Planning
Commission.

‘Removal of provision o

disaster backup,

7-10 years 12460

f

reduc- 7-10 years 10580

ing the number of appl-
ications and a mix of
digital microwave and
satelliite communication.

Late Approval of revised
1968 proposal by Planning
Commission.

Early Implementation of the
1989 project begins. Instal
: ation of the central

1_

system and software modi-
fications. '

Early Approval of revised 0OI

1880 by IR.

July 04  Start

Table 2 : Major

s

of field trials.

Deiays and Thelir

Possible Causges

e Ak e e e e e e M W e - e mm e o e em e e e R 4h M e e e e A = e Y= s e e M e = = e Em e e e e e W

1879-May 1981
1983-July 1985

Oct. 1986-Early

Early 1890-July

1889

General slugglishness

PRS implementatioh

DOE's putting forth alternat-
ive plans forcing project re~
appraisal. ‘

Political instability

- ar e e e e e e e SR S MR Mk e m em e ke e e G em R M A B G de G MR Ee e e e e e e R A e e e e e e - -

The delay.

resulted In the

in the pre—in
inevitable cost
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also prevented IR from expioiting the opportunity of taking
advantage of the general global trend of deciining hardware
costs both for the computer and communication segments. Though
the cost of hardware in India had been declining since about
mid 1980s, India’s precarious balance of payment problem
coupled with the devaluation of the rupee in July 1881 are
expected to result in higher hardware costs in rupee terms.

A general sliuggishness in the decision making process,
diversion ot energies to a more visible project, the number of
organisations (e.g. Planning Commission, DOE, DOT etc.) which
had a substantive say in the decision making and the poiiticat
instability in the country resulted in a considerable lag in
the project schedule. Besides these factors which frequently
affect project impiementation decisions and schedules, szome
additional {ssues which are 1likely to become candidates for
discussion and controversy in .

i) &a computer-communication project, in specific, and
ii) a large investment new technology project, in general,
are identiflied and discussed below.

Issues For A Computer-Communication Project:

1. Computer Vs Communication Componénts

Projects involving computer-communication networks are
primarily viewed as computer based projects in spite of the
fact that the communication costs typically constitute 60% to
70% of the total project cost. Though, the benefits to the
project generally accrue only on implementation of the
communication component, it is still viewed as being
subservient to the computer component.

It appears that there was relatively littie econtention on
the technoiogy of communication. The IR had decided to adopt
digital microwave as the +transmission media even before the
report of the consultants was made avallable. In contrast, a
lot of time was spent on issues related to software
development whose cost was significantly lower than the
communication component.

2., Control and Coordination of the Communication Network:

Due to the inevitable resource shortages in a developing
country, sharing of physicai resources like a communication

network with other organisations is an important issue.
¢

Ownership and control of the physical resource leads to
unavoldable turf-wars. This is borne out by the protracted
tussle between the DOT and IR over the ownership of the
telecom lines. Though, initiaily IR was not even willing to
consider the implementation of the 01S project without owning
and managing the telecom lines, it subsequentily agreed to
evaluate the option of sharing the telecom lines with P & T.
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, The concern of an overseeing agency to plan for optimal .

usage of national resources has to be viewed in the context of
the desire of the user organisations to provide a desired
level of service and avoidance of dependence on other
organisations for their operational functioning.

3. System Impiementation Strategy:
{

A top down approach temperediwith the bottom-up approach
may yield dividends in a mega project. A top down approach |is
required to ensure that the system would provide data for the
more effecient centralised decision making while facilitating
operational tasks. A bottom-up approach would facilitate
acceptance at the user level.

The OIS system has been largely accepted by the field
level. The operational staff could understand the beneflts of
computerisation by working with applications developed by CRIS
even though some of these applications were not related to OIS

per se.

Issues For A Large Investment New Technology Project: |

{. Political Will:

The success of projects with targe investments is
~determined to a large extent by the political will at the
highest decision making level. Fpr the poiitical will to be

activated, the project must offer scope for political mileage
in terms of either visible benefits or distinct political
advantage to the advocates of the project. The PRS which was

not found to be viable unless 0IS was implemented, was taken
up first, possibly, because it's benefits could be perceived
even when only one of the nodes was computerised. This

project also provided higher visibility in the near future.
The benefits of OIS would not in general be available to the
common man and were not easily quantifiable. Consequently the
01S was evaluated against more "tangible" benefits accrued on
increasing the number of wagons or wupgradation of tracks.
Thus the OIS project took a long time to take off.

2. Self Reliance:

In a developing country context, projects with a high
technology component are likely to raise debates on the 1{ssue
ot achievement of self-reliance and the mechanism for doing

so.

.

From the case study, it emerges that there were
considerablie deliberations on the issue of import of
technology. Though it was realised fairly early in the

project that indigeneously produced computers: (at that time)
would not be technically capable . of satisfying IR’s
requirements, debate did centre on the development of the
entire software by Indian professionals.
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Avalilability of a large technically trained manpower pool
and the greater control users would have on software degign
and output, supported the view that software be indigeneously
developed. This would have also reduced the continued
dependence on imported software. On the other hand, though
Iindia did have a pool of technically tralned manpower, the
required project management skills and software development .
expertise were not available. It was therefore decided to
adapt the core of TOPS with slight modifications and let CMC .
and subsequently CRIS undertake the software development of
zonal systems. '

In the Indian context, the queét for seif-reiiance being
a national ethos, may have been more pronounced. ¢

3. ldentitication of a Projoct Manager:

Political acumen, missionary zeal and a technical
understanding of the project, in that order are the key
attributes for a successful project manager. The

identification of such a person happens largely due +to
political will, especinlly in an organisation with a strong
cadre-culture. In the absence of political wiil the selection:
of guch a person “could happen as a result of fortuitous .
circumstance, e.g. even though the Chief Executive of Tata !
Elxsi who was known to be a technical expert was selected to
head CRIS, he could not remain in the organization for more -

than a2 few days.

The praoject manager described above should recognize that
the degree of involvement of other agencies, the mode of
pregsentation of financial @ requirements, the extent of the
techno-economic analysis and the management of consultants are
important determinants for success.

4, Involvement ot:Othar Actors:

9 Most developing countries have estabiished policies and
procedures involving a multiplicity of actors {in project.

contexts requiring new technology with high investments.
While 'a certain level of involvment of other organizations is
dictated by these policies and procedures, it 1is imperative
that this 1involvement go far beyond the formally stated
procedures. The involvement needs to be augmented both along |
professional and social dimensions. This is because, though
these organisations may not be able to practically lobby for
the project, they couild effectively put spanners in the wheel.
Though IR initiated DOE and DOT {involvement 1in order to
tacilitate project implementation, both DOE and DOT did not
view this project from the IR perspective. For example DOE
reinitiated the decisions on the network configuration - thus
going back on 1{its own discussions. IR could have played a
proactive role in ensuring committment to its’® mission by more
formal and informal liasion with the concerned departments.
This could have ensured that atleast before DOE came out with
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its new proposals, CRIS would have been consulted. An
analysis of the members of DOE who attended the various CRIS -
DOE meetings showed that DOE hardly sent the same officers

repeatedly.
5. Presentation of the Financial Requirements:

Rather than a single large investment project, presenting

a logical sub-component as the project <(with a s=maller
financial outlay) hag higher chance of success. While {in a
strict technoeconomic sense, this logical sub-~componant may

not be able to zhow all the benefita, the abllity to state
the softer benefits to advantage needs to be exploited. A case
in point 1is the PRS which was a less expensive project and
where the benefits were well stated was iImplemented before the

o0Is.
6. Techno Economie Anailysis:

While a techno-economic analysis with quantified benefits
12 a neceagary caondition for the success of the prolect, it 1s
far from being a sufficient condition. Often demands for finer
techno-economic analysis may be generated to conceal the
sluggishnezz in the decision making process. The repeated
demands for reexamination of the techno-econocmic analysis as
exemplified by the appraisals of 1979 study team, 1982-83
pilot project team, the DPD, the DOE and the Planning
Commission highlight this point.

7. Management of Consultants

In new technology areas, the induction of consultants

needs to be consciously managed. Since the uger country
normally pays for the services of the consultants, the
organisations must themselves be clear about the scope of
congultanta’' task. For example, Ms DETECON assumed the scope

of providing communication infrastructure for the entire needs
of IR afresh upto the year 2000 A.D. An unquestioned
acceptance of thig led to a dramatic 1increase In the 018
project cost,. This resulted in a sgeriles of project
reappraisals, thus delaying the project by at least two years.

Conclusions:

This case study has attempted to hightight issues
related to the impiementation of high i{investment computer-
communicatiaon projects in a developing country context. From
this some factors which could be identifled as determlinantg of
successful project implementation both_ .. for computer-
communication projects as well as new technology projects in a
developing country context have emerged. This has implications
for the decision makers at the highesat level both at the
national and the organisational level.
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