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ABSTRACT

R & D in a country is essential for self-reliance in
many fields and defence sector is a major participant in
it. India is highly dependent on foreign countries for its
defence weapon system needs and is a major importer of
arms. The paper discusses in detail the R&D
environment in India compared to global trends and
what needs to be done to improve the situation so that
the country becomes self-reliant to a large degree on its
weapon needs.
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The Department of Defence Production (DDP) was set up in
1962 with the aim of developing production infrastructure to
produce various weapons, systems etc required for the
armed forces. The DRDO in India maintains partnership
with about 40 premier academic institutions, 15 National
Science and Technology (S&T) agencies, 50 Public Sector
Units (PSU’s) (which include the nine Defence PSU’s
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GLOBAL TRENDS INR&D

Being the leading country in arms import, let us look at
the global noise in R&D. The global trends in the R&D
tivity, has a bearing on the R&D activity in the country.
is a very important relation between research and
velopment and economic growth. The US is the dominant
gure in R&D spending followed by China. The role of
Asia is increasing in R&D spending with China and Japan
taking the lead.

China is continuing its economic growth as well as
continued increase in R&D spending. At the current rate of
growth and investments China is likely to surpass in R&D
funding to that of US by 2022. Table 1 given below gives
the R&D investment of 10 countries. From the Table it can
be seen that United States continues to be the top spender on
R&D with about 2.8% of GDP being spent. India has been
spending about 0.85% of GDP on R&D.

The Gross Expenditure on Research and Development
(GERD) as per PPP flgures forecast 2016 globally is about
US $ 1947.75 billion®. Therefore it can be seen that the
money spent on R&D by India is very small compared to
the other major players in the world. The R&D expenditure
as % of GDP for a few selected countries is shown in the
Fig 1below. The R&D expenditure per capita is PPP$ 26.2
in India whileit is US $1494 in Finland and US $ 115.5 in
China for the year 2009.°

131|Page



NOVATEUR PUBLICATIONS
International Journal of Research Publications in Engineering and Technology [IJRPET]
ISSN: 2454-7875
VOLUME 3, ISSUE 3, March-2017

Forecast Gross Expenditures on R&D

W "*‘- 2014 Actual
: 1 ‘- GDP R&D
? f M FFP = % GOP
Bil, U5S
1 United States 17460.0 2.78%
2 China 17630.0 1.95%
3 Japan 4,807.0 3.40%
4 Germany 3.621.0 2.85%
5 South Korea 1,786.0 3.60%
& India 72770 0.85%
7 France 25870 2.25%
8 Russia 3,568.0 1.50%
9 United Kingdom 2,435.0 1.81%
10 Brazil 3,073.0 1.21%

GERD
FFF
Bil, LSS

485.39
343.78
163.44
103.20
64.30
61.85
58.21
53.52
44.07
anis

2015 Estimated 2016 Forecast

GDP R&D  GERD GDP R&D  GERD

PPP as % GOP PPP FFPP a% % GDP PP
Bil, USS Bil, LISS Bil, USS Bil, USS
18,001.3 2.76% 496.84 18,559.3 2.77% 514.00
18,828.8 1.98% | 37281 20,0150  198% | 396.30
48551 | 3.39% | 16459 49134  3.39% | 166.80
3,678.9 2.92% 107.42 37414 2.92% 109.25
1,844.9 4.04% 74.53 1,909.5 4.04% T714
78228 0.85% B66.49 B 409.5 0.85% 71.48
2,618.0 2.26% 59.17 2 BRT3 2.26% &0.05
34324 1.50% 51.49 3.396.6 1.50% 50.95
2.500.7 1.78% 44,51 2,558.2 1.78% 45,54
3,042.3 1.21% 36.81 3,072.7 1.21% 3718

Table 1:Gross expenditure on R&D

Source:’R&D 2016; Global R&D funding forecast winter 2016’accessed at WWW.iriWMr l%

bearing on each other. A esearch carried out by the
academic institutions have ation with the requirement of
the defence forces by way”of contribution of human skills.
The state of Indian R&D had no doubt shown remarkable
progress in the years and has achieved international
recognition. This is evident on multiple parameters in the
field of R&D like increase in the number of scientific papers
published by Indian researchers, the number of patents filed
by Indians, the growing participation of Indian scientists in
international scientific events. From 2006 to 2010, the
contribution of Indian scientists in 16 major scientific
journals have gone up by 12 % average totalling to 65487
research papers while the worlds average increase was 4 %.

RE.D EXPENDITURE AS % OF GDP FOR SELECTED COUNTRIES, 2009
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The growth in the science publications has also improved
India’s global ranking to ninth place in 2010 compared to
13th place in 1996. The quality of Indian scientific
publications as measured in terms of citation impact, has
also improved at 0.68 which is higher than Russia and
China.® The Indian space industry is also highly recognised
for its capability in design and manufacture of satellites.
Compared to defence sector R&D, the space industry has
proved its capability to adopt latest scientific technology and
is much more self-reliant.

The domestic industry provides around 70 % of the total
technology content in the space sector.” Notwithstanding the
achievements of India in the field of science and technology,
compared to the global standards, it is far below the
standards. The measure of inventiveness in basic sciences
given by the creation of Intellectual Property is far below
countries like US, China, Japan and South Korea. China has
increased its R&D investments continuallg for the past 20
years and is likely to surpass US by 2026°. It is increasing
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investment heavily to create innovation infrastructure to India was 5.3% % that of China and by 2015 this has
help it to develop, manufacture, commercialise advanced reduced to 1.7%. Also, the resident category of patents are
technology products moving away from the image of more than non-residents category in China while in India the
producing low technology products. non-resident category of patents are much more than

Table 2 gives the patent trends of four countries between resident category of patents.

2010 and 2015.° In 2010, the number of patents granted to
Ching India Japan USA

Year |Resident |Non-Resident| Tofal |Resident|Non-Resident) Tofal |Resident| Non-Resident| Tofal |Resident| Nor-Resident | Tofa
00 | %67 | N3 | 1E00 | L0 | 5RO | TIR | IUAT) 34 | 2269 | 10791 | 103626 | Zedid
M1 | 1B 9o (13| T 4D | NG | 1M AT | 23090 | 106620 | L0079 | 224305
N0 | W08 | M7\ UM | TR W06 | 48 2407 AW | ZMT9L | 1:0%6 | 132109 | D53LES
1 1 T R T S I ) S 1T N 5 O 1 R W
04 | 102680 | M8 | D3N TN | M| 613 | 1770 | 4930 | LTIAD | 4de2l | 1607 | 300678
005 | 0336 | 9880 | 9o B2 | SN0 | 602 | 69| 42605 | 189338 | 14096 | LoMR | 298407

7
Table 2: Patents granted to four countries taken from ipstats.wipo.int reaséhfrom 3097 to 263436 which is

From the above table it can be seen that from 2010 to 2015,
the total patents granted in China has increased 2.65 time
while that of India has decreased. The trend in grag
patents in India has been not been impressive co
countries like China, Japan and USA. Fig 2 show.
in the grant of patents to four major countries USA]

China and India. It is seen that there was a steep ra
grant of resident patents in China from 2010 onwards.

ring the same period which
shows the graph of patents
-resident category of four major
. “This is a worrying situation

re and aspiring to become a knowledge-
' Although there has been a marginal
increase in grant of patents in resident category in 2013-
2015 from 594 to 822 but the non-resident category also has
an increase from 2783 to 5200 during the same
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Fig 2: Patents granted from 1999 to 2015
Source: www.ipstats.wipo.in

On 12 May 2016, Gol adopted the IPR policy with an intellectual property promotes advancement in science
aim to make Indians recognize their own IPs, as also and technology, arts and culture, traditional knowledge
respect others’ IPs. The Vision Statement envisages an and biodiversity resources; an India where knowledge is
India where creativity and innovation are stimulated by the main driver of development, and knowledge owned
Intellectual Property for the benefit of all; an India where is transformed into knowledge shared™
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Researches are key to innovation and R&D in any
country. The availability of researchers drives the R&D
capability of the country and advancement in science and
technology. India has one of the lowest densities of R&D
personnel. The number of researchers per million
population in India is 157 compared to 8282 in lIsrael,
5201 in Japan, 1089 in China, 4055 in UK, 4153 in
France and 4019 in USA.®® “The shortage of qualified
scientists and engineers, something HomiBhabha had
warned about when he put together the nuclear
establishment in the late 1940s, has come to haunt Indian
R&D and industry.”

The R&D funding in India is mostly by the Govt. The
share of various sectors in the total R&D expenditure in
India is shown in Fig 3. The major contribution for R&D
is form the central Govt which accounts to 55% and the
private sector contributes 29%. The industrial sector
contributed 6.1% of the total defence R&D expenditure
in India during 2009-10. The industrial sector includes
PSUs and private sector put together. Out of the total
national R&D budget, 31.6% goes to DRDO which is
18.4 % of the share of national expenditure on R&D."In
comparison, industry contributes 72 % in the US and the
federal govt spends just 8 % on R&D with academia
spending 15 %." The contribution of private industry in
defence R&D in India has been particularly very low.

IV. R&D INDRDO

DRDO is the R&D wing of Ministry of Defencg
India, with a vision to empower India with g
defence technologies and a mission to achieve self-re
in critical defence technologies and systems,
equipping the armed forces with state-of-the-art weapo
systems and equipment.’ DRDO i ]
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h includes testing
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DRDO has a total stren of 25,148 employees out of
which 7,549 are working in Defence Research and
Development Service (DRDS), 9528 in Defence Research
and Technical Cadre (DRTC) and 8071 are admin and allied
cadre. DDR&D was allotted Rs.14358.49 crores in the year
2015-16 and 58 new projects costing 1591.10 crores have
been sanctioned. The projects on which DRDO works can
be classified into five categories; Mission Mode (MM).
Technology Demonstrator (TD), Science & Technology
(S&T), Infrastructure and Facilities (IF) and Product
Support (PS).

Fig3: Share of various
Source: www.dst.go

ight Combat Aircraft
ange Surface to Air
ce tg, Air Missile

uction value of the systems
increased. Over the years the
ignificant progress and contribution
which is evident from the development

jals of Nag, Prithvi and Agni missiles. Also,
more than 300 items of arms and ammunition worth over Rs
1,20,000 crores based on DRDO technologies have been
inducted or under induction in the services. The quality of
product design of some of the products/technologies
pares favourably with the best in the world. Some
chnologies like illuminating ammunition, FSAPDS shots,
and gun/rocket/missile propellant even surpass the
performance of the contemporary design in many
respects.®Being the premier research agency in India for
defence, DRDO is not only judged by what it designs and
produces but also the indigenous content in the products it
produces.

In 1992, the self-reliance committee under the chairmanship
of Dr APJ Abdul Kalam, the then scientific adviser to the
Defence Minister, had visualised that the percentage share
of domestic procurement in total procurement expenditure, a
measure of self-reliance would progressively increase to 70
% by 2005.” But as on 2015 that target has not been met
and is far from reaching it in the near future. Although the
exact measure of the self-reliance index is not known there
are various statements regarding extent of self-reliance. As
per the report by the Standing Committee on Defence
submitted to Parliament in April 2012, the chief of DRDO
had claimed that the self-reliance had gone up to 40-45 %.%
According to Defence analyst G Balachandran, the self-
reliance index for the seven year period between 2001-2008
was 55 %.%

The DRDO being the only agency for R&D in defence with
miniscule participation by private industry has come a long
way in providing the weapon system for the armed forces.
During the early 1960s the DRDO was responsible for
achieving self-sufficiency in non-lethal weapons of the
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armed forces. However, DRDO has always been accused of
not being competitive, project cost over-runs, inordinate
delay in delivery of system, lack of innovation amongst the
personnel. This has inevitably led to import of arms and
denial of cutting edge technology to the armed forces. India
today is the No 1 arms importer in the world and imports
almost 70 % of its requirement from abroad.

The technological gaps has led the organisation to take on as
many projects as possible and resulting in non-deliverables
of the technology within the allotted time and cost. This has
also led to closure of few projects as either the armed forces
does not need it or due to the security scenario, the system
was imported from abroad. A 1989 review of all the projects
undertaken by DRDO had Ied to closure of almost 618
projects out of 989 projects.* Although lack of funds was
the reason given for short closure of the projects, it was
evident that the organisation lacked the capability of develop
technologies it had pursued. The Comptroller and auditor
General of India was critical in the manner in which projects
are sanction in his report of 2012-13.°

Almost all the flagship projects of DRDO has ran into time
and cost overruns. Also, the user satisfaction and the
confidence in the products developed by DRDO is very low.
The cost over-run of MBT Arjun was a whopping 1884 %
and despite taking two decades, the production numbers as
ordered by Indian Army is very low which indicates users
lack of confidence. Similar is the fate of Light Com
Aircraft (LCA) which has taken three decadg
development. This was supposedly the replaceme
series of aircraft which were aging and obsoletg
in developing LCA has led to depletion in the strengt
squadrons in IAF and has led to the Air Force pitching

ers cancel their
in developing the

imported,

the
ste of ex i

requirement whi
system.

High end technolo stem are procured from
abroad under the transfer chnology route for licensed
production by DPSUs. However, technology transfers does
not happen in true sense as the OEMs never part with the
critical technologies and those of strategic importance. So
the Armed Forces are continually at themercy of OEM
where at any point in future the OEMs can deny or may
come at a high cost. Also, technology transfers have not
been able to foster R&D in DRDO since technology
transfers needs adaptation of skills, cultural change and
organisational change. The R&D personnel needs to adopt
the technology of the foreign countries which is difficult due
to differences in the skills of the people involved. This
results in just assembly of the parts procured from abroad.

V. WHAT IS THE WAY AHEAD

The existing system of R&D in defence with little
participation from the private industry and academia does
not augur well for a nation like India. The services make a
Long Term Integrated Perspective Plan spanning three Five
Year Plan which are reviewed regularly. These are made
based on threat perception, doctrine of the Armed forces,
obsolescence of existing system, strategy of the armed
forces and adversaries capabilities and ways to neutralise
them. The DRDO then prepares its own Long Term
Technology Perspective Plan (2012-2027) which coincides
with the Five Year Plan. T, TPP of DRDO highlights
the expected new techno developments in various areas.
It is incumbent that ake holders like DRDO, DPSUs,
Cll, representative stry, representatives of Armed
Forces need to ed perspective plan for the
next fifteen yi equirement of the Armed
Forces.

e technology.
d the expectation
by DRDO is a tall

A. Formation of Technology Development Agency

dany committees formed by the Govt over the years have
ended the formation of a centralised agency to
ulate, coordinate, and monitor the R&D and production
of defence systems in India. The R&D and the technology
development today is fragmented with armed forces making
a wish list in the form of Long Term Perspective Plan
(LTPP) and the DPSUs framing the Technology Perspective
Capability Roadmap (TPCR) and the DRDO making the
Long Term Integrated Perspective Plan(LTIPP) based on the
services requirement. There is no single agency to
coordinate and monitor the development of systems of
various agencies. The services make a LTPP based on the
specification of latest system available across the world
hoping that the DRDO would be able to provide in the
shortest possible time. DRDO on the other hand takes too
much than it can chew with unrealistic projection of
resources and time frame.

A central agency needs to be formed which should have
members from the armed forces, paramilitary forces, PSUs,
private industry, CII, scientists from academia, S&T
department. The SA to RM who heads the DRDO should be
relieved of the duties of head of R&D as it is too big a task
to be left as a part time job. The LTPP of the services should
be discussed thread bare by the board members and a five
year plan is to be formed with firm time lines. The
participation of the private industry needs to be increased
especially now with the Govt emphasis on Make in India.
The progress needs to be monitored regularly and the aim
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should be to progressively increase self-reliance to 75 % of
the requirement.

B. Transfer Of Technology Vs Self Reliance

India has been importing weapons since the last six decades
under the ToT scheme. However, no country would transfer
the critical technology know how. For over 50 years India
had buyer-seller, patron-client relationship with Russia
manufacturing weapon system including fighter aircrafts,
tanks under license but no technology transfer has taken
place. So far no technology has been transferred by US
despite $10-12 billion worth of weapon acquisitions.”” Even
after so many years after procurement of Su-30, the country
had to go back to Russia for upgrade where they held HAL
to ransom. Therefore the LTPP should be broken down to
five year plans for mission mode implementation where
technology is already available in the Indian market and can
be bought from the private players. The long term vision
spanning next 15-20 years needs to be put into action mode

for development by Indian players. It is already seen that
after the issue of DPP-2013’, the share of “Buy (Indian)’
and ‘Buy and Make (Indian) has increased manifold. Table 3
gives the figures.

The self-reliance of the country in defense system has been
very poor despite the recommendation of the committee
headed by Dr APJ Abdul Kalam, then Scientific Advisor to
RakshaMantri recommending that the self-reliance index
should be ramped up from 30% (1995) to 70% (2005). Table
4 gives how the index has remained still at 30%.

Although the Defence
recommended achievi
development, desi
through the route

ion Policy (2011) had
substantive self-reliance in
production of critical systems
Joint Ventures by involving

nd setting up of a Defence
rivate sector, academic

Buy Buy & Make
Year (Indian) [ (Indian) Make (I (Global)
2010-11 60835 16710 40547
2011-12 28561 2032 0 56840
2012-13 18689 385 60652
2013-14 21001 2733 27609
2014-15 38318 72750 117827
Total 167404 94610 416317

Table 3: Category wise Acceptance of Necessity (Rs in Crore
Source: “Make in India in Defence Sector” A

andscientific institutions for purs

ardly any benefits
logy, exports and

C. Govt Regulations

The ‘Make in India’ aid emphasis on Indian
manufacturing and indigenization in all fields of technology.
However, a lot needs to b€ done to attract private industry
participation in defence R&D and manufacturing. The
mistrust between Ministry of Defence and the private
industry needs to be tackled by reducing the barriers for
entry to defence sector. Unlike other important sectors
where there are clearly defined policies, defence R&D does
not have a clearly stated policy by MoD. The Defence
Production Policy (2011) makes a passive reference to
“proaden the defence R&D base of the country”®  The
Defence policy is also not supported by a concrete
manufacturing plan- a key weakness highlighted by the

ingh Committee Report by Laxman k Behera published in IDSA

onogric  Advisory Council to the Prime Minister
'AC).® The Technology Perspective and Capability
Roadmap (TPCR) which was announced in April 2013
provides an overview of the capabilities required by the
defence forces, but it does not quantify the requirements in
the long term to enable the industry to translate into viable
business opportunities. Rather it shifts the entire risk to
industry and with no commitment from the Govt. This is
best described by the disclaimer in TPCR which says that
the participation of the industry is solely at its own
discretion and Govt of India is not responsible for any loss
by the industry whilst complying with the stipulation in this
document or with changed requirement due to any reason.
This becomes a dampener for the industry as technology
development is as much the responsibility of the Govt as of
the industry. This creates an uncertain environment for the
industry to take long term business decision.

The Govt also needs to relook into the approach of the
procurement system in the case of single vendor system
which is a reality. The capability of development of a lot of
high technology systems does not exist with many players in
India yet. The approach towards the single vendor system
ultimately delays the entire process and may result in the
vendor losing interest in the project.

The Govt needs to make exclusive Defence Economic Zone
(DEZ) on similar lines as SEZ for setting up production
facilities with economic incentives like tax holidays,

136 |Page



NOVATEUR PUBLICATIONS

International Journal of Research Publications in Engineering and Technology [IJRPET]

ISSN: 2454-7875
VOLUME 3, ISSUE 3, March-2017

percentage of expenditure to be shown as R&D expenditure,
and permission of dual use of the technology developed by
which the industry can recover the expenditure incurred by
utilising it for making products for civilian use. This would
bring down the cost of development and enthuse interest in
the industry for higher participation in defence sector. The
Make In India policy has provided many incentives for
participation of private industries in defence manufacturing
with contractual offset obligations worth around $ 4.53
billion in the next 5-6 years. The revised DPP of 2016
provides a new category of capital procurement namely Buy
Indian-IDDM (Indigenously Designed, Developed and
Manufactured) which provides incentives to make in India
with strategic tie up with foreign equipment manufacturers
under offset policy.®

As per the recommendations of the Rama Rao committee,
DPSUs and Ordnance Boards are to be shortlisted in stock
exchanges so that the corporate culture is brought into the
organisation. This would also improve the accountability of
the organisations and increase transparency in the
functioning.

D. Reforms in R&D

The R&D environment needs to reform in the way i
functions. Although the R&D has achieved a lot in all

industry and have the autono
research. This would give mg

tists with the users
rking on various
ith the users and
eed to interact more
stagt till the end. The users
generally are brought i during user trials of the
system by when the indivi would have changed and a
whole new perception setsfin. The armed forces also should
make core teams which would permanently interact with the
lab core team wherever they are posted till the project is
concluded. This will ensure continuity of the user
representatives during the entire duration of the project so
that there are no perception changes due to change of
individuals. Changes may become essential due to change in
technology/alternate technology, but that need to be taken
into account by all stakeholders in the project.

with the labs right

DRDO despite having extensive field of R&D has around
7700 scientists compared to around 8000 scientists in ISRO
which has fewer fields in R&D. * Also, the educational
profile of the scientists in DRDO is poor and is cause for
concern. The Rama Rao Committee had brought out its
concern by the predominance of first degree holders in the
scientific cadre of DRDO with 60 % of its scientists are
diploma holders, engineering or science graduates, or
masters in arts or science. The committee found that only 10
% of the total scientific personnel were PhDs. This severe
constraint of qualified res scientists does have an
adverse effect on the ca ity 0f the organisation. ISRO
having faced with a si r situation set up Indian Institute
of Space Science nology in 2007 which*h offers

the last choice. That too he joi
i and wait to jump to

eener pastures at
in private industry,
make the job more attractive
ike any Govt set up. The
on stifles innovation and

atents worth describing about. The DRDO
needs to put in a clear IPR regime and scientists need to be
made co-owner of the IP.

O needs to set up a national network for sharing of
sources amongst scientists. All the research activities
ould be documented and a repository of the same needs to
be made for access by any scientist for his use. This can help
in avoiding duplication of work and sharing of knowledge.

DRDO needs to take help of professional in formulation of a
R&D strategy. Various scientific tools need to be used and a
Technology Road Map (TRM) for R&D needs to be made
for every project with input from all stake holders. The
TRM should result in an Implementation Strategy which
should be strictly followed. In fact the formulation of LTPP
and TPCR should utilise scientific tools so that they are
realistic and implementable.

The world is witnessing IT revolution and so is India and its
armed forces are also affected by it. People from this
country have made great inroads in IT across the world. The
armed forces is shifting to Network Centric Warfare and the
use of IT is all prevalent todays weapon systems. DRDO
should leverage the IT potential of this country and carry out
more development in IT systems for use in technology
development.  Despite  contributing  enormously in
development of IT, the armed forces still are dependent on
foreign countries for development of IT in the weapon
systems. DRDO should formulate an IT strategy and take
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projects for development and improvements of the IT
system in the armed forces.

V1. CONCLUSION

R&D in research labs of Govt is a subset of the R&D
ecosystem of the country. The developments in R&D
ecosystem of the country has a direct effect on the R&D
ecosystem in DRDO. While DRDO has proved its worth in
many areas like IMDP, more needs to be done in terms of
time and cost factor. With the Govt’s policy of Make in
India and Digital India, DRDO needs to formulate a long
term and short term strategy for making it a premier R&D
institution of the country. While many have recommended
that DARPA like agency should be created, it is not
essential that it would be successful as yet since the
industrial base is not yet ready to develop and manufacture
such cutting edge technology. A strong manufacturing hub
needs to be created for such radical innovation and
disruptive technologies which should make economic sense.
Once a strong manufacturing hub is put in place and an
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