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INDIAN CONTRIBUTIONS TC O.R. LITERATURE
Omprakash k. Gupta
Indian Institute of Management
Atimedabad 3IBO 056
ABSTRACT
O.F. researchers in lndia thave been maki1ng
contributions to 0.k, literature from 1ts earlv dave of
development. Thev have published hundreds of original
research papers 1in well~lnown Journals, This review
focuses on the contributions made bv lndian researchere
to the published O.K. literature in last =25 vears
t15&61-8%: . This paper reporte maior findingse of the
UFev 1w,
1. INTRODUCTION
O:R. researchers 1n India have been matk 1no
contributions to O.K. literature from its early davs of
development. It 18 believed that 0.R. origilnated 1in

Indre durina the last phase of Weorld War IT. Even

in India. the first aoplication of O.F. was 1n defence.

1]

oon. U.F. wss used Tor nationzl plannina. In 1559, the
brerational Fesearch Society of India (ORSIY came 1nto
e 1s5tence and WaS sS00n affiliated to 1+ 0FS
tInternational Federation of Operational Resesrch
Societies:. The ORS]l started oublishing a journal with
the name QOosearch 1n 194, The Soci1etvy also starteo
arganizing annual conferencees from 1568, From s=sittiecs
onwards manvy unlversities angd academic institutions

started i1ncluding U.F. 1n their curricula.

0. k. has also been a subject of research of manvy
indi1an scaientiste from i1te early dave. The malor purpose

ct this paper 15 to studv the research work done b



Indian researchers in last 25 years, i.e. from 1561 to
1985. There must have been contributions before 1961,
but it was felt that such contributions were few in
numbers and were defficult to locate. Besides their
relevance to modern user would be so limited that the
search effort involved in locatind them would not be

Justified.

2. METHODOLOGY

0.R. researchers, like researchers in other
fields, ;ake contributions in many forms. Research works
appear in form of reports, theses, working papers, book
chapters, monographs, published research papers, etc.
The work published in thq form of reports, theses,
working papers. monographs, etc. is also called "grey-—
literature", and is not easily traceable and obtainable.
Moreover a good amount of such work often ends up as
published research literature. We therefore limited our

review to research work which has been published 1in

journals.

As it has been rightly observed bv Gray {1] and
Hall & Hess [2Z1 0O.R. has became too pervasive as one
sees O.R. research work appearing in more than one
hundred journals all over the world. If we review only a
limited number of journals, it 1s possible that we may
miss many important contributions. The operations

research soclieties representing 3I5 countries and S



kindred sacileties are united in the International
Federation of Operational Research Societies (IFORS).
IFDRS sponsors the abstracts Jjournal "Interna£iona1
Abstracts in Operations Research (IADR)Y ", IAOR [3)
covers I3 primary journals. These journals are
considered to be of intetrest to operational reseatrchers

"by definition, so every paper in each of these journals

is cited by IADR." Moreover, IACR regularly screens 70
"supplementary Journals" for papers which would be of
interest to operaticns researchers. There are, in

additionf 70 other "specialist" journals which are also
regularly screened for papers of potential interest to
some operations researchers. Since the abstracting of
" IAOR is fairly exhaustive, we limited our search of
Indian contributions to the contents of [IAOR. It is
possible that we might have not included those papers in

our review which have not been abstracted in IADR.

Since we were interested in contributions made by
Indians, we included every article abstracted in IAOR
and published during 1961-1985 which had at least one
coauthor with affiliation to an Institutien in India. We
are aware of the fact that several Indian researchers
have published enormously, while they have been on
assignemnts abroad. .with foreign affiliations. Such
articles, however, are not included in our review. QOur
review will no doubt underestimate Indian contributions

to that extent. Till 1270, IAOR did not publish the



author affiliations, and therefore each abstract was
carefully examined to see if any of the coauthors was
likely to be an Indian! The original journals were then
CPOSE—ChECH?d to verify the affiliatipns. From 1971,
IADOR started providing affiliation of the first author,
but the same were not provided for other coauthors. Here
again if any of the authors appea;ed to be Indian, the

original journal was cross-checked for affiliation.

3. RESULTS

Our study shows that Indians have published 838
research papers in 85 different journals during the
period 1961-85. Appendix 1 gives a list of Journals
along with the numbetr of articles in which Indian
contributions have appeared. We have divided the study
duration of Z% years in five five-year periods: 196165,
19466710, 1971-75, 1976-80, and 1981-8%. The freguency

distribution is given in Table 1.

TABLE 1
Feriod No. of Fapers Fercentage
196165 124 i4.5
1946670 175 20.4
1971-75 127 i4.8
1%746-80 i?4 2206
1981-85 238 7.7

As it is evident from Table 1, the contributions
have generally increased over the vears except for the
period of 1971-75., The number of contributions in

the period 1981-8% are almost double than 196165, In



fact there were only 12 articles published in 1941 and

increased ta 49 in 1985.

Theough contributions have appeared in BYS Jjournals,
thetre wete only 20 Jourrnals which have at least B8
articles (14 of the total contribution? each in these 25
years. These 20 journals are’maﬂked with asterisk in
ARppendix 1. Out of these 2O journals only 5 had at least
twenty-five papers in 2% vyears. Table 2 gives a

breakdown of this data.

TABLE 2
Journal : Ne. of Papers Fercentage
CCERO 103 12.0%
Journal of O.R. Society 28 .3%
Management Science 29 .47
Opsearch =4z 28. 2%
Operations Researrch 41 4.8%
Others 413 4. 4%

As 1t can be seen CCERG, Journal of O.K. Saciety,
Management Science. Opsearch, and Operations Research
account  for mare than halft of the publications. Among
these five journals Opsearch 1s the most preferred
journal followed by CCERO. We have further :nvestigated
the trend of Journal preference over these years, and
divided the number of publications in five time periods.

Table I gives the relevent data.
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TABLE 3
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CCERO

Journal of
O0.R. Society

Management
Science

Opseatch

1

1
Operations :
Research !
'

H

:

+

:

Total
_____________________________________________ ————
1 25 29 24 24 1103
(1%) (14%) (23%) (12%) (10%) 1 (12%)

3 2 1 12 10 ¢ 28
(2%) (1%) (1%) (&%) (4%) b (3%
10 7 6 4 129

(2%) (&%) (&%) (3%) (2% 4 (3%
31 7% 39 a3 56 ! 242
(25%) (42%) (31%) (22%) (24%) L (28%)
17 12 o 1 2 L 41
(14%) (7%) (7%) (1%) (1%) L (S%
70 53 a4z 108 142 | 415
(S6%) (317%) (33%) (S6%) (60%) ' (49%)
_____________________________________________ —————
124 175 127 194 238 ! 858

It is
contribute
Their pre

Management

clear from Table I that Indians continue to
to Opsearch in a manner similiar to the past.
ference to other Jjournals such as CCERG,

Science, and Operations Research seems to be

reducing in favour of other foreign Jjournals. The share

of other

Journals 1n 1981-B8S is almost 60% of the total

contribution. Therefore, 1t appears that Indians are

broadening

while reta

1ADR
Frocess 0
Oriented.

Oriented

their publication base in foreign Jjournals

ining 25% to 215X contribution to Opsearch.

classifies research papetrs i1n four categories:
riented, Application Oriented, Technique
and Frofess:onally Oriented. The Frocess

category consists of papers with emphasis on



the modelling of operations, functions, or activitibs
common to various enterprises. The Application Uriented
category covers papers with emphasis on certain arenas
and models which are specialised to an arena. Technique
Oriented category covers papers on mathematical models,
methods, topics, techniques. and solutions. The last
category of Frofessionally Oriented covers papers with
emphasis on the practice and development of 0.R. itself.
Further details on these categories can be seen in
21 from page 12-13. We have analyzed data to identify
majlor research interest areas of Indian researchers.
Table 4 gives a summary of breakdown of research

contributions in these four categories.

TABLE 4

Category Nao. of Fapers Fercentage
Frocess FOZ 5., 2%
Oriented

Applicatiaon 104 12.01%
Oriented

Technigque 4734 S50.6%
Oriented

Frofessionally 18 2. 1%

Oriented

From Table 4 it 1= clear that Indian contributions
have been primarily in the theorvy of O.F. Even the
contributions classified as Froceze Oriernted are mainly
contributions to the 0.K. theorv. The actual application
papetrs are barely 1274 of total contributions. We have

further analyvzed data to see whether there have been any



shifts over time. Table 5 gives a breakup of four

categories over five time periods.

TABLE 5
Category 1196165 1966~70 197175 1976—-80 1981-831 Total
______________ +.-—.-.-...,..._........__._———_——-——--—-u--.—-—---————n———m—‘m—mm*ma—;:zuz;
Frocess g 40 &5 47 &b g4 | 302
Oriented (32N (Z7%) (377 (Z4%) (I5%)y 1 (3T%)
[ 1
aApplication : 21 25 12 Z1 25 104
Oriented N WA (147%) (94 (11%) (11%) 1V (12%)
Technigue i &2 7& &4 104 128 434
Oriented L (50%) (4357 (BO%) (347 (947 0 (5170
Frofessionally: 1 2 4 = 1 ; 18
Oriented i (1%) (5% CEA (27%) (0% | (2%)
H :
______________ +...._——————_———-——--—-—.—_—-w.—m“”m—_-—".———-————___+______
Total i 124 175 127 1724 238 + B58

From Table S it does not appear that there have
been any major shifts over the wvears 1n  terms of
research interests in these four categories. Since the
researchers have mainly contributed in Frocess Oriented
and Technique UOriented categories, we have further
analvsed them. Tables &6 and 7 give summaries of research
contributions in Frocess and Technioue Oriented

categories. respectively.

TABLE &
Frocess NMo. of Fapers Fercentage
Inventory 59 19, 5%
Froduction 32 10.6%
Reliabilitw 735 24.2%
Scheduling 53 18. 2%
Others 83 27.59%



TABLE 7

Technique No. of Fapers . Percentage
Graphs and Networks 35 B.1%
Math. Frogramming 162 X734
Queues 104 24,0%
Statistics 15 I.9%
Others 118 27 . 2%
Mathematical Frogramming 1s the most favoured
research area in Technigque Oriented contributions
followed by Gueues. kWe hawve further subdivided
Mathematical Frogramming and results are shown in
Table B.
TABLE 8
Technigue No. of papers Fercentage
Fractional Frog. 4z 259.9%
Integer Frog. 11 b BY
Linear Frog. il &.8B%
Nonlinear Froaq. 27 16.7%
Quadratic Frog. 19 11.7%
Transportation Frog. 25 15.4%
Others 27 1&. 7%
It may come as a surprise that among the
Mathematical Frogramming techniques. Fractional
Frogramming has attracted Ma X 1 MM papers. The

traditional areas such as Linear Frogramming, Integer
Frogramming, etc. do not appear to be favourites of

Indian OD.R. researchers.

4. CONCLUSIONS
In thics paper we have reviewed Indian contributions
to O.F. literature in last twenty-five vears from 19&1

to 1785, During this period Indians have published 838



research papers in BS Jjournals all over the world. it
has been found that except for the time period 1971-73
Indian contributions have been increasing over the
years, About B80% of contributions have appeared in 20
torrnals. The natiomal journal Opsearch has attracted
28% of the total papers followed by CCEROD with 12%
contributions. Over the years the share of Opsearch has
remained steady but the other major Jjournals such as
CCERD, Management Scignce. and Operations Research have

been losing their share to other foreign Jjournals.

About half of the contributions have been in the
technigues of D.R. Though 3I5% papers have been in the
Frocess Oriented category, most of them have theoretical
enphasis. Only 12% papers have been with emphasis on
applications of O.R. This trend has been consistent over
the years and has not chanoged much during last 25 years.
In the Frocess Oriented categaory the key areas of
interest have been: Inventory, Reliability, Scheduling.
and Froduction. In the Technique Oriented category the
major areas of interest have been 1n Mathemetice!l
Frogramming and GWueues. In Mathematical Froogramming,
Fractional Fioor&mming has pttracted iargesl
contributions followed by contributaons  1h Menlingsay
Frogramming. Surprisinogly traditional aresa, such &l
Lingar and lrtecger PFProgramming have not astracted much

attention.
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