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CONTEXT AND BACKGROUND

'L gAff 0SS G4KS 1AYySGAO SyloftSNI 2F LYRAI Qa -I&AAlis éxpettedS O2 v
to add USD 967 Bn to the Indian economy by 2035 and US{p46®1 o0 Af f A2y (G2 LYRAIFI Q&4 D5t ¢
2F G(KS O2xdnyliGnNGDR argel. Alhas become a top priority on policy agendas worldwide, as it has the power

to foster innovation, generate employment opportunities, and contribute to the growth of the country.

Over the past several years, the Government of Iftha taken concrete steps to encourage the adoption of Al in a
NBalLlR2yaAroftS YFIYYSNIFYR o0dAfR LlzofAO GNMzZAG Ay AdaandzaSs |
continuous interventions strive to harness the potential 6fdk social development and inclusive growth, in line with our
1 2y Q06fS tNAYS aiAyraidSNna AyOfdzaAdS RSOSE2LIVYSYyld LIKAf2a2l
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cuttingS R3S ué()Kyztzzle dzaS Ol &aSa Ay (GKS O2dzyiNBE® 2 KATS aSAl
2y 1LQ KAOK SyO2YLIl aasSa F2dz2NJ O2YLRySyday 5FaGF malyl3s
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comprehensive framework that addresses specific gaps in Al ecosystem. As one of the largest Global South economies
leading the Alace, India has been nominated as the Council Chair of the Global Partnership on Al (GPAI) by winning more
than two-thirds of first preference votes.

¢tKS &dz00S&daa 2F (KS 3I2@SNYyYSydiQa AyAGALl GA OGS &Il rankirgs aB8dF F 2 NI
indexes. We have been ranked IstAl Skill Penetration and 1st in the Number of GitHub Al Projects as per the Stanford

Al Index report 2023. The same Index places India 5th in the value of Private Investment in Al and Number of Newly
FunR 'L /2YLIyASaod !'f&a2r LYRAIF KFra o06SSy NIyYy{1{SR wmad Ay
GKAOK |aasSaasSa || odzaaySaaQa O2YYSNDAFE 'L NBFRAySdaaod Co
& Al Skills In Indidndia ranked 1st in terms of Al skill penetration and 1st in Al talent concentration.

IndiaAl Vision

IndiaAl has a missiecentric approach that ensures a precise and cohesive strategy to bridge the gaps in the existing Al
ecosystem via-viz Compute infistructure, Data, Al financing, Research and Innovation, targeted Skilling, and
institutional capacity for Data to maximize the potential/dftoadvancelndia’s progress.

Furthering our commitment to building Al in Inddad for India, MeitY has set up seven working groups to collectively
brainstorm on the vision, objectives, outcomes, and design for each of IndiaAl pillars.

After months of deliberative and collective bmatorming, the working groups have studied & shared their report on the
following aspects of Al:

WG1:IndiaAl CENTRES OF EXCELLENCE

The objective of this working group is to detail the operational aspects of establishing three Centres of Excellence (CoEs)
that will strive to leverage India's distinct strengths in Al to tackle critical problems of society. The proposed dafs will
special emphasis, not just on the foundational & multidisciplinary research in Al but also on the development and adoption
of indigenous Al technologies at the national and international levels.

The proposed CoEs will bring together experts from academia, industry, and research entities to work oredgting
research to create highuality Al solutions and to develop scalable solutions across sectors. Through these Centres, India
will foster a cilture of creativity, experimentation, and entrepreneurshdunleash the full potential of Al in India ataml
establishitself as a world leader in Al innovations.

The following are the salient features of the CoEs:

a. Conduct foundational research imdad areas of Al to generate new knowledge in the field relevant to the unique
advantages and challenges of Indian society.



b. Facilitate global knowledge exchange and capacity building through collaborations with the global academic and
innovation ecosystems

c. Provide training and development opportunities to a new generation of researchers, innovators, and entrepreneurs,
and promote collaboration between academia, industry, and research entities, enabling rapid translation of
candidates from TRL 3 Al techngiles to TRL 7 prototypes.

d. Create an industracademiastartup ecosystem to develop technology modules both vertically within the
organisations and horizontally across the sectors.

e. Develop and scale innovative, castective, and efficient solutions to adekss challenges in several national critical
sectors.

f. Aid and facilitate the commercialization of research and development outputs by leveraging existing national
schemes and by working with industry partners to take new products and services to the market

g. Partner with and strengthen the existing incubation facilities to support Al -sfastin developing their ideas,
nurturing talent, accessing networks, etc.

h. Increase the penetration of Al solutions both domestically and internationally to expand the eartjdepth of Al
applications and to cater the new markets.

The CoEs will play a pivotal role in positioning India as a global leader inewdhshg Al landscape through impactful
research and innovative solutions to critical problems faced by thatcpuThey will be responsible for setting up the
agenda and priorities of Al in the sector as well as identifying the key challenges and opportunities in the field. They will
engage with the stakeholders to implement solutions relevant to different sakectors. The CoEs will play a critical

role in developing and nurturing the Al ecosystem in India and ritaleser to being a powerhouse in Al innovation and

its responsibleadoption

WG2: INDIA DATASET PLATFORM (IDP)

The objective of this working gup is to collaboratively conceptualize the architecture of the India Dataset Platform (IDP)
FYyR S5FéGFasSia tNRINIYDP ¢KS g2NJAy3I INRdzLI AYa G2 RSUyS
process for identifying potential datasets iovgrnment ministries and departments for better decisioraking strategies

FYR FNIAUOAIE AyidSttAaSyOS | LILX A Ol dgadvergnded entitiésSto abrariddtel y 3 =
datasets to IDP. It seeks to serve as a guiding framework éadekielopment, implementation, and utilisation of the IDP.

The following are the salient features of IDP:

1 Federal StructureThe IDP is being developed as a federal structure to accommodate data providers from various
ministries and departments. The fedéea data approach allows organisations to maintain autonomy and
control over their data while enabling collaborative analysis across different datasets.

1 Data DiscoveryThe IDP aims to build a single platform where data from various sources can be aasdsed
fAY1SR® ¢KAa SylofSa SraASNI RA&AO2OSNE yR OF Gl t 23dzA

1 Data ValueAdded ServicesThere is a need for a central agency or organisation to provide szalded services
curated to enable govement ministries and departments to solve challenges in the initial stages of datasets
formation and, to manage the data. This will ensure data quality and consistency, as all the data providers might
not have the expertise to curate their data effectively

1 PAAS ArchitectureThe suggestion is that the India Dataset platform should act as a platfeasservice (PaaS)
or architectureasa-service (AaaS) for various organizations. This approach will allow each domain group to
manage and upload datasets thedn be further used for research and innovation purposes.

The following are the implementation priorities for operationalising IDP:

1 Establish clear governance: Define roles, responsibilities, and deaisikimg processes for the data exchange
platform, ensuring compliance with the data protection regulations.

1 Identify and onboard the data providers: Educate government departments about the benefits of participation
and foster collaboration for data sharing.

1 Define data standards and formats: Establishdglines for consistent data formats, metadata, and quality
standards.



1 Develop data security and privacy measures: Implement robust security measures and ensure compliance with
data protection regulations.

1 Build technical infrastructure: Create a scalabled asecure platform with APIs for data access and high
availability.

1 Implement data governance and access control: Define data stewardship, access controls, and usage agreements.

1 Foster collaboration and user adoption: Engage with data consumers Useitdriendly interfaces, and promote
the platform's benefits.

1 Continuously monitor and improve: Regularly evaluate performance, gather feedback, and iterate on the
platform to address emerging needs.

Prioritising these areas can go a long way in estahblish solid foundation for a data management structure that will
facilitate effective data exchange and utilisation for national benefits.

WG 3: INSTITUTIONAL CAPACITY AND DESIGN OF NDMO

¢2 NBFfAaS GKS Fdzt £ LI2 G Sy (A aximisetie efficiemy df @adiad dovedandel&ipubf2 @S NJ
service delivery, and catalyse ddiased research and innovation, MeitY has released the Draft National Data Governance
Policy. This Working group will work in alignment with the policy to achievgiliEnquantifiable yearly targets. The
National Data Governance Policy provides an institutional framework for governing data collection, management,
processing, storage, and accessing processes and systems by the National Data Management Office (NDMO).

TRS $g2NJ Ay 3 INRBAzZLIQa NBLR NI LINPGARSAE NBO2YYSYRIFIGAZ2YA | NBC
structure. The report provides its recommendations across the bet@mtioned pillars:

1 Institutionalising NDMOA detailed mechanism to estadli the NDMO as a nestatutory independent agency
has been proposed. The NDMO will work like a regulator in several respects of its operations.

1 Governance and Structure of NDMQhe organisational structure and governance of the NDMO have been
elucidated.To provide a general direction on the management of affairs and operations, NDMO is proposed to
be headed by a CEO, whose roles and responsibilities have been detailed out. The CEO could be supported by
heads of six functional divisions including Standandd Policies, Platforms and IT, Grievance Redressal, Legal,
Audit and Compliance, and HR & Finance. Experts from the project management unit could be assigned to
relevant divisions to provide technical and operational support.

1 Functions of NDMOThis isn alignment with the National Data Governance Policy, guidelines have been created
for executing the functions of the NDMO.

1 Data Management UnitsAs proposed under the NDGP, an institutional mechanism of Data Management Units
(DMU) may be established witheach Ministry/Department. The roles and responsibilities of the DMU would
be to qualify the expected outcomes and to standardise operations across all line ministries/departments. The
DMU structure has also been created detailing the functional andiieehrequirements of each division/ officer
in the DMU, including the Data fellows supported by MeitY.

1 Schedule for ImplementationTangible and quantifiable outputs and milestones for the NDMO have been
identified across specified timelines which mayfoeher updated as the ecosystem matures.

WG 4: INDIAAI FUTURE DESIGN

The objective of this working group is to assess and design funding mechanisms for Al staemipartceAl innovaton
in India. The vision is to build the next 100 Al unicorns in the country through the India Al program. The objectives of the
scheme are as follows:

1 Empower Al startups to make-Ahabled products/solutions for India and the world under Make Al in India &
Make Al Work for India initiatives.

1 Develop & utilise the available R&D ecosystem and promote innovation in Al and other emerging technologies.

1 Establish a funding mechanism for promising Al Startups and leverage transformative technologies to foster
inclusion, innovation, and economic growth.



1 Enable access to the statd-art Al infrastructure through CoEs and develop the new support infrastructure for
various use cases of emerging technologies/Deep Tech. Startups.

1 Initiate collaboration with central goveament organisations, states, industry, academia, and international
organisations for the development and deployment of emerging technologies, skilling, and cdpalciiyg
activities.

1 Enable the funding mechanism for Eastpge startups for commerciadiion and growth of Al startups in the
country.

1 Strengthen communitypuilding initiatives including workshops, capadityilding activities, conferences, etc. to
strengthen the ecosystem for the recognition & promotion of Al Startups.

THE SALIENT FEATURESTHE SCHEME ARE AS FOLLOWS:
I 22NRAYEFGA2Y FyR O2YLIE AL yOSY

o0 Measuring, monitoring, and reporting compliance and performance of Meided Assets, Programs, and
schemes.

| KI £ £Sy3asS 9ESOdziAzyY

0 Sourcing, executing, monitoring, and reporting on challenges and providing support to Al startups.

/ 2NLI2 NI GS yR LyadAddziaz2ylf tIF NIySNBKALJA
o Building links with global Al startup ecosystems and aggregating the resources from global and local
industries, institutions, and agencies for the benefit of Indian Al startups.

/[ F LI OAGe . dAfRAY3I YR t SNF2NYIFYyOS hLIGAYATFGAZ2Y

o Optimising and enhancing the performance of MeitY related Assets, Programs, and schemes via- capacity
building programs.
o Funding ofAl startups through a pitching program to attract capital into Meitioported Al startups.

D dBREZRAYRAY AY RSEF2YYdzyAle 2F O2YYdzyAGASasé

o Creating an awareness program and engaging a larger number of Al startups via effective and persuasive
media marketing programs.

The Future Design IndiaAl Scheme has significant potential to empower Al startups and foster the development and
availability of Alenabled products and solutions in India and globally. By providing a comprehensive framework, the

scheme aims to create a conducive environment for Al innovation, entrepreneurship, and market expansion, driving

India's growth as a leading Al hub.

WG5: INDIAAI FUTURESKILLS

This working group has reviewed various existingased curricula across the g and has emphasised an Al Research
based model curriculum framework involving K12 interventions and Graduate/Post Graduate level interventions. To
NEBFEtAT S (KS @GArarzy 2F adal 1S 'L Ay LYRALI ¢ 9 hiavtheye§usitd LI OS
skillsets The Working group has categorised key recommendations as follows:

1 Model Curriculum & Repository: A comprehensive Al curriculum that covers the fundamentals of Al, mathematics
and statistics, machine learning, deep learning, Nldfputer vision, reinforcement learning, Al ethics along
with reaktworld problems, and continual learning is recommended.

1 Framework: The framework categorises courses & programs as per the focus-tactemlogyspecific
(algorithms, LLMs, etc.)pfrastructurespecific (GPUs, specialised accelerators, Cloud, HPC, etc.), application
specific (sectorial, domain, etc.), among others.



1 Collaborative & Competitive ecosystem: Building a collaborative and competitive ecosystem among Schools,
Universitiesand Research institutes through variousb&ked government interventions.

1 Research for Startups and MSMESs: To prioritise innovation among Indian startups and MSMESs, there is a need to
focus on Afelated research, encourage academic collaboration, gekili the nonlT workforce.

1 Research fellowships: Initiatives like research fellowships and grants for building research capability-3ndtier 2
institutions, supporting students in international Al conferences/journals, research mentorship for selected
scholars, and encouraging students to collaborate refdted thesis and datasets.

1 Faculty training in Al: Recommendations like making it mandatory for educational institutesskill rheir
teaching staff with the new trends & research in the field of Al at least once every two years. Periodic incentives
for the training of faculty aa also be considered. Teaching staff should be encouraged to explore collaboration
opportunities on Al research with industry through Al joint projects and Industry internships.

1 Career Path Mapping: University courses should be mapped to diverse catdsrifi Al such as Al researcher,
machine learning engineer, data scientist, Al architect, NLP engineer, computer vision engineer, Al product
manager, Al ethicist, Al consultant, and Al entrepreneur and students should be skilled relevant to their greferre
job roles.

1 Indiaspecific Al community: Creating an Ingjgecific Al community is important to address national challenges,
to promote national data sharing, for effective use of Al compute infrastructure, and for collaborations among
researchers on rezarch findings and results, etc. A national platform would help in building collaborations on
Made in India Al algorithms, Indian datasets, and Al computing, along with relevant training, and courses for
capacity building. The National platform would atsobeneficial in posting reaborld challenges for Al startups
along with financial aid for developing indigenous capability in diverse aspects of Al for India.

These recommendations aim to address the growing demand foelétied skills and prepare thadian workforce and
studentstoworkon! L ' yR 2GKSNJ SYSNHAYy3 G(GSOKy2t23ASa Ay GKS 7Tdzidz
I LILIN2 F OKY CNRY W20 ¢ ] Ebd@EndiahZhumaie résoutcdsBndM RdbiddBosal ahdi reséagch
organisations up to date with the latest Al technologies andriake themcompetitive in the global Al job market.

WG6: INDIAAI FUTURE LABS COMPUTE

The objective of this working group is to provide a comprehensive overview of the current state of Al computational
resources and their limitations in Indi#t also expands orhe challenges and opportunities associated with intensifying

'L O02YLJMziS OF LI OAGe FYyR AGa LRGSYGAFE AYLIOG 2y 'L I LWL
actionable reommendations:

Infrastructure and Compute Capacity: Establish fiesiass Al compute infrastructure at five locations, with a capacity of
3000 Al Petaflops, along with an Inference Farm (2500 Al PF) and Edge Compute (500 Al PF) systems. Thegeds also a n
to set up Al innovation hubs with Secure Distributed Data Grids (200/400 Gbps) across the country to support startups
and build academic and industrial collaborations. Improving digital infrastructure and attracting private sector investment
in Al infastructure should be the priority.

Al Use Caseébt use cases should be prioritised in governance, agriculture, health, education, and finance. The aim is
to support Al adoption in these domains by stakeholders such as government ministries, azademarch labs, and
startups. Additionally, strategies will be developed to ensure inclusive Al, making technology accessible and beneficial to
all, including specialigbled individuals and people in remote areas of the country.

Evaluation and Ipact Measurement:SPMIND and AIMIND framework implementations will enable infrastructure
impact assessment for startups and Al innovation across the country. An evaluation framework metric will be developed
to measure this impact. Additionally, model bengérking and reatime data monitoring systems will be established to
O2YLI NB @I NA2dza 'L Y2RStaQ LISNF2NXIYyOS IyR (2 GNI¥ O] GKSE
improvement insights.

Marketplaces and Opesource Al:To enhance Al accessibility, Aiarketplaces will be leveraged to build service
models for Al as a Service (AlaaS), Infrastructure as a Service (IaaS), and Platform as a Service (PaaSktieedg pre



models to users. Opesource Al frameworks and lilias, supported by diverse vendors and communities, will be utilized
to promote vendoragnostic Al development, fostering innovation and collaboration.

Al Membership Subscription and Repositofynationwide Al membership subscription program walllaunched for
government employees and civil servants to promote Al literacy and skills development. A dedicated platform will be
established to store prérained models, reducing redundant training costs, and providing a model repository for others
to utilize and finetune under various licensing options.

Security and Ul Challenge$here is a need to prioritize vetting of Al developers to safeguard against data leakage
and misuse of Al. Thwill also address Ul challenges, ensure dgendly ard accessible Al solutions, and establish
regulatory guidelines for data privacy, Al ethics, and interoperability standards.

API ManagementTo address the issue of varying API costs and ensure effective cost management in Al marketplaces,
transparen pricing models will be implemented, along with clear guidelines for users. This will promote fairness and
transparency in pricing while enabling users to manage their costs efficiently.

Capacity Building and Collaboratiofip drive Al readinesh¢ government will promote Al education, facilitate cross
sector collaborations, and enhance public awareness and trust in Al technologies through training programs in
partnerships with educational institutions, and other public engagement initiatives.

WGT7. SEMICON INDIAAI CHIPSETS

The objective of the Group is to Conceptualise the design for Al Compute, assess the requirements for technical
capabilities, latency, and specifications, detail the scalability and flexibility of the infrastructure to meenhgvudeds
and elaborate on the pricing models (including applicability, eligibility for subsidy (if any), etc.)

The FutureDesign Design Linked Incentive (DLI) Scheme aims to offer financial incentives as well as design infrastructure
support to domestic ampanies and startips/ MSMEs across various stages of design, development, and deployment of
semiconductor design(s) for Integrated Circuits (ICs), Chipsets, System on Chips (SoCs), Systems & IP Cores for Al over
period of 5 years.

The objective of thigxercise is to undertake a comprehensive study of the pillars of IndiaAl and to identify tangible action
AGSya (GKFdG ySSR G2 0SS 62NJ SR 2y G2 OKAS@S GKS 321t 27
RSOSt2LIVSy i LKRKRKE 2BRILIKRE 2{FF 8Vt A1l aX FYyR {061l tNrelaQ
long way in harnessing the potential Affor social development and inclusive growth.

The Reports of each of the Working Groups are detailed in the sections that follow
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INTRODUCTION AND CONTEXT SETTING
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announced the asblishment of three Centres of Excellence (CoEs) for Artificial Intelligence in top educational institutions

in a hub and spoke model. These €wil focus on one or more socially and economically critical application sectors, such

as Governance, Healthe, Agriculture, Manufacturing, FinTech, etc.

The objective of this initiative is to create a wodthss Al ecosystem that pushes the frontiers of Al knowledge creation

and innovation in collaboration with industry, national and international acadestéat-ups, etc. The CoEs will promote
foundational and applied research in Al to address critical challenges across sectors as well as help commercialise and
contextualise existing solutions. They will be responsible for setting the agenda and pridraieis the sector as well as
identifying the key challenges and opportunities in the field.

The network of CoEs form an essential part of the larger India Al initiative to place the country as a global leader in Al
related areas. It will provide intelleel impetus to the broad Al ecosystem by contributing to and benefitting from the
datasets created, the Data Management Framework, the computing infrastructure, the startup promotion schemes,
skilling efforts, etc., that are being built in parallel. Ovkriélwill foster a culture of creativity, experimentation, and
entrepreneurship to unleash the full potential of Al in India and pave the way towards becoming aleeaksat in Al
innovation.

OBJECTIVES

The functions of CoEs may include, but arelimited to, the following:

1. Foundational ResearchiThe CoEs will focus on outcordgven foundational research to support knowledge
generation in the field of Al. The CoEs will augmertdase research with partnerships with industry and
academia in the amtry, as well as develop global connects, participate in flagship conferences and events, etc.
The CoEs will also strive to undertake research in other constituent areas of Al such as Computer Vision, Robotics,
Machine Learning, NLP, etc. as needed.

2. Techrology DevelopmentThe CoEs will focus on the identified core areas to develop and scale efficient solutions
to address challenges in the sector. Technology development will be done in partnership with industry partners,
government departments, MSMEs, NG@sademic spoke institutions, and other relevant stakeholders.

3. Promoting Innovation & EntrepreneurshipThe CoEs will partner with industry and the startup ecosystem to
facilitate the scaling of technology solutions and increase the penetration of Alswboth domestically and
internationally to expand the range and depth of Al applications.

4. Al Skill DevelopmentThe CoEs will provide training and development opportunities to a new generation of
researchers, entrepreneurs, and practitioners of Al tigb inperson and online engagements, focussed
workshops, etc.

SCOPE

The CoEs seek to enable knowledge creatlaomgwledge exchange and capacity building to a new generation of
researchers, innovators, and entrepreneurs along with promoting collaboraimong Indian and global academia,
industry, and research entities. It includes the following aspects:

Entrepreneurship and Stastips

{GF NlGdzLdJa FNB GKS ol 01062yS 2F (G(KS LYyRAILY S02y2Y@é | yR
opportunities. The proposed CoEs will play a key role in empowering startups and fostering entrepreneurship in the field
of Al to enable businesses of all sizes to benefit from this transformative technology. The CoEs will equip them with cutting
edge Al échnology, technical expertise, and training. The initiatives envisaged in this direction include:

12



1. Supporting an industracademiagovernment collaborative efforts as well as leveraging existing programmes to
foster the startup ecosystem.

2. Enhancing the aomercial viability of applications through interactive discussions with industry and sectoral
ministries.

3. Providing handholding support to innovators and staps and helping them introduce new technologies within
their current facilities.

4. Developing anddeploying products for the users as well as providing funding support to encourage such
development.

5. Organising innovation challenges and hackathons to boost the-gpagulture and create competition among
start-ups to develop coseffective and deployale solutions.

6. Establishing préncubators to facilitate piloscale research projects that can be commercialised by-sfastand
involve business/management schools in promoting entrepreneurship.

INTERNATIONAL COLLABORATION

To achieve the vision of becong the global hub for Al research and innovation, India can leverage its position of

f SFRSNAKALI AY AYLRNIFYyG YdzZ GAEFGSNIf F2NHzva G2 LI2aAlGAz)
domestic and global Al experts. This could ineluwitiatives to encourage global experts to spend time as visiting
researchers at the CoEs, facilitatiige exchange of PhD students, collaborative research projects, joint solution
development, etc.

The network of CoEs can be proposedzsbal Partne€ A LJ 2y ! L oDt ! L0 Dbl dGAz2ylt 'L LYy
Working Groups focused on interdisciplinary and applied Al resediuls,augmenting the support provided by the

current GPAI expert support centeréh Montreal and Paris that have expesiin Responsible Al and Data Governance;

and Future of Work and Innovation & Commercialization respectively. The CoEs may also support other multilateral and
bilateral partnerships on Al, such as the propose&Agage partnership between QUAD countries.

CORE APPLICATION SECTORS

The CoEs will focus on the application of Al in areas with high potential impact, leveraging the unique strengths of India
ddzOK & GKS I @FLAfloAtAGeE 27T sosiceShuinitneddd. Bach CoB/wWecusidd brie & | vy R
more application sectors based on their vision and strengths.

The potential application areas will include Al in Governance, Healthcare, Agriculture, Sustainability and Manufacturing,
among others. Going forward, aspects sucthasavaihbility of reliable data, domain expertise, and effective partnerships
will play a role in selecting future application sectors.

As an application area, governance holds tremendous potential given the strides made by India in this regard. The
Government of India has embarked on a massive efforollectdata on all aspects of basic governance in the country

and male it available or its responsible use. This makes governance a prime sector for Al interventions. Similarly, other
socially and economically relevant sectors sashealthcare, agriculture, sustainability, manufacturing, etc. stand at the
forefront of Al adoption, showasing their potential to revolutionise industries and address critical challenges.

ESTABLISHMENT & OPERATIONS

The proposed Centres of Excellence will be established at leading academic institutions. Each CoE will have one or more
relevant industries as partners. Strong collaboration with global academia, research entities, and industry in a hub and
spoke model islso expected from each CoE. To leverage the interdisciplinary nature of Al, active participation from
domestic and international experts in both academia and industry will be encouraged.
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THE COES WILL BE SET UP ON THE BELOW PRINCIPLES:

1. The CoEs will bestablished in leading academic institutions selected based on the strength of proposed activities as
well as on their expertise in foundational and applied research, track record of success in identified sectors, and the
readiness to collaborate with otmeelevant entities.

2. The CoEs will foster a conducive environment to nurture aspiring entrepreneurs and equip them with the necessary
tools and knowledge through an active and robust incubation centre.

3. Appropriate models will be establishddr the facultyand other personnel of the academic institutions working in
and for the Cof safeguarding the interests of all parties.

4. Each CoE will be set up as a Section 8 company with its independent and autonomous governing structure to facilitate
agile decisiormaking.

5. The Government funding for CoEs will be available for 5 years initially, with the industry and other partners starting
to contribute from the third year.

6. The CoEwill aim for longterm seltsustainability by generating revenue from lab facilities;ubation, training,
research, products, and consulting services. Each CoE will be expected to be 5¥ppseting within 3 years of
their establishment, and 100% sslfipporting within 5 years.

7. The CoEs will have a strong guidance framewearksisting of a Governance Council, a PE3Gect Review &
Steering Group) Steering Committee, and other mechanisms as necessary.

8. Apart from the anchor academic institution and industry partners, each CoE will workevidhalspoke institutions
from academic/research institutions, industry and stagis. The hukand-spoke model will provide wider access to
resources economically, in addition to improving collaborations across different entities.

HUB AND SPOKE MODEL

The CoEs will be set up in a Hub & Spoke model with one CoE academic institution operating as the Hub and a diverse and
vibrant set of spoke institutions that work closely with tHab. The spokes could consist of other academic or research
institutions, start-ups,and industry players, andill be included for a welllefined role in the overall operations of the

CoE. The objective of including spokes is to augment and complement the expertise available at the hub.

Each CoE will ideally start its operatiavith 4 or more spokes that provide supplementary and complementary strengths.
Additional spokes may be added subsequently as needed in the concurrence of the Governing Council of the CoEs.

ROLE OF HUB INSTITUTIONS

The CoE hub institution will be respdbigi for setting the agenda and priorities of Al in the sector as well as identifying,

in collaboration with the spokes, the key challenges and opportunities in the field. The hub institution will take thé overal
leadership of the CoE with the spoke ingtibns helping critically with different aspects. It will coordinate the activities

of the CoE overall and be the primary interface with the governance structure of the CoEs. The hub will also play a crucial
role in managing the finances of the CoE.

ROLE OF SPOKE INSTITUTIONS

Each of the spoke institutions will sign an MoU with taepectiveCoE to detail their roles and responsibilities, details of

the activities, deliverables, funding etc. The spokes may play different roles within the structirgoats of the CoE
ranging from participation in technology development, translation, wstadies, fieldtrials, training, etc., based on the
needs of the activity and the expertise of the spoke institution. The spokes will be responsible for engagthe witers

and implementing the solutions developed by the CoE as well as bringing the sectoral expertise that can inform Al
solutions.
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IMPLEMENTATION MECHANISM

The CoEs will be set up as independent Section 8 companies for effective and agile gevétaah«oE will be anchored

at the Hub academic institution and will have Spokes that may include other academic or research institutions and industry
representatives. These CoEs will serve as centres for research, innovation, entrepreneurship, aiod-tistaset
technology infrastructure. They will act as technology resource centres that encourage interdisciplinary research as well
as translate cuttingedge research into practical usases.

SELECTION OF THE COE INSTITUTION

A 2step process is envisagaulselect the CoE institutions, based on the strength of their proposals. The overview of the
process is given in Annexure A.

STEP 1: SUBMISSION OF A BROAD OUTLINE

In the first step, qualifying academic institutions will be invited to submit a short concept propasamore than 5
pages in lengthg on the broad outline of the CoE they have in mind. The concept proposal should indicate the
capability, track recordand capacity of the institution in different aspects of Al: foundational research, global
connections, application development, industry engagements, innovation promotion, incubation, skill development,
etc. It should also outline the plans for the propds€oE along these dimensions and indicate potential industry
partners and spoke institutions.

A committee of experts constituted by MeitY with members from academia, industry, and research institutions will
scrutinise all concept proposals and rank thensdxon their suitability to the intended goals. The toplconcept
proposals will beselected,and theshortlistedinstitutions will be invited to submit a detailed proposal within two
months

VSTEP 2: SUBMISSION OF THE DETAILED PROPOSAL

The detailed prposals by the shortlisted institutions or teams of institutions on their vision for the CoE and detailed
plans to achieve them. The proposal must identify academic and industry partners, spoke institutions, etc. Details on
the possible foundational problesmand the problems in the application sectors to be addressed by the CoE must also
be spelt out in the proposal. The key dimensions of evaluation for step 2 of the process will broadly include:

1 Academic experience, record of successful translation reseanchimpactful realworld outcomes of the
institution and its partners.

1 Quality and impact of the proposed research, applications in sectoral areas, and the readiness of the institution
in carrying them out.

1 Potential national and international impact ohe Al ecosystem.

Detailed parameters to be used for the selection of the CoE hub institution at Steitlined in Annexure B along with
the evaluation criteria for the same. Similarly, the selection parameters and evaluation criteria for &epulined in
Annexure C.

PERIODIC EVALUATION FRAMEWORK

The performance of the CoEs will be evaluategularlyby mapping their performance to the deliverables and timelines

as well as the identified set of KPIs/Critical Success Factors to ensure thatjélotivebof the CoEs is achieved as
envisioned. The evaluation parameters and scoring mechanism for periodic monitoring are outlined in Annexure D. The
overall principles include:

1. Excellence and Impact of ReseardBoEs will be assessed on their abilitygenerate highquality research
outputs in core Al and application areas.
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2. Impactful Technology DevelopmenCoEs will be evaluated on their ability and success in developing relevant
innovative technologies and solutions that address+gatld challengesn the identified sectors.

3. Revenue GenerationCoEs will be evaluated on the revenue generated from their technologies, IPRs etc. The
revenue stream will ideally be established within a year.

4. Fostering Innovation CoEs will be evaluated on their contritmutito nurturing entrepreneurship, facilitating
collaboration with industry partners, and promoting an ecosystem that promotes innovation.

5. Collaboration and Knowledge SharingCoEs will be assessed on their ability to foster collaboration and
knowledge shang with stakeholders such as research institutions, industry partners, etc.

6. Capacity BuildingCoEs will be evaluated on their effortsrtorture humancapital and build a skilled workforce
in the field of Al.

GOVERNANCE MECHANISM
Each CoE will be set with an independent and autonomous governing structure to facilitate agile deemaing. The

statutory board of these companies will include the head of the host academic institution as its Chair with members drawn
from academia, industry, and governnten

GOVERNING COUNCIL (GC) AND PROJECT REVIEW & STEERING GROUP (PRSG)

A Governing Council (GC) and a Project Review & Steering Group (PRSG) will be constituted to set policies and oversee the
operations of CoEs periodically. The composition of the GC anBREG will be decided keeping in mind the objectives
and aspirations of the initiative.

A common Governing Council is proposed to provide -feghl directions to the network of CoEs and to establish the
required policies under which they operate. The @IC be chaired by the Secretary, MeitY and the CEO, India Al as
Secretary. Other members will include the head of the Hub institstigenior officials from Scien@nd Technology,
industryand academic experts. The GC will meet with the PRSG and the CoE leadership at least once every 6 months. The
Project Review & Steering Group will provide more detailed guidance to the CoEs. The PRSG will periodically evaluate the
progress of the individal CoEs. The PRSG will be chaired by theo@B@iaAl and will comprise of officials from different
government departments, academia, and industry.

The CoEs will also have individual internal mechanisms to oversee and monitor the activities undertaken by the institution.
Each CoE will have an Executive Council with members from the Section 8 company led by a Chief Executive Officer (CEC
along withother partners and outside experts. Further, the technical team for each CoE will include Al programmers,
engineers, domain experts, program managers, designers, etc. The foundational and applied research in each of the CoEs
will be carried out by faculty nmbers from academic institutions involved, pakictoral researchers, PhD students, and

other research manpower like engineers and interns.

INTELLECTUAL PROPERTY RIGHTS

To ensurehe sustainability of the CoE, robust collaboration with the Industry, #vedcreation of commercially viable
outputs, the MeitY will not own any IP generated by the CoE. The IP generated can be retained by the idea generator or
by the CoE. Based on the nature of innovation, two IPR models may be considered:

1. Licensing agreementsCoEs can licea their technology and intellectual property to industry partners for
commercialization. In these agreements, the CoE retains ownership of the intellectual property but grants the
industry partner the right to use it for a specific purpogeperiod of time. The terms of the licensing agreement,
including payment and royalties, can be negotiated between the CoE and the industry partner. This may be more
suitable for earlystage innovations by student entrepreneurs/stanps.

2. Joint ventures:GoEs can form joint ventures with industry partners to develop and commercialise new Al
technologies and solutions. In these partnerships, both parties contribute funding, resources, and expertise, and
share ownership of the resulting intellectual properfjhe terms of the joint venture are typically negotiated in
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a joint venture agreement that outlines the responsibilities, rights, and obligations of each party. This may be
more suitable for collaboration with existing industry partners for scaling Abgitians.

The exact nature of the IPR model may be determined on atcasase basis in consultation with the Governing Council.

SUSTAINABILITY MOBEL

The CoEs will be required to start generating revenue to enable attaining sustainability after tdebigiiars of funding
support. It can do so in the following ways:

1.

Commercialisation of IPR The CoEs will have the ability to enter into licensing agreements/JV with the
innovators which will enable it to retain the ownership and grant the industrynmarthe right to use it for a
specific purpose or period of time. This will enable the CoEs toa@yalty on the IPR.

Solutions/Technologies DevelopedThe CoEs will be able to provide the solutions/technologies developed in
the CoEs to theelevant industry/startup/MSME partners for a ontme fee or a subscription fee. CoEs may also
deploy solutions themselves.

Consultancy The CoEs will be able to provide consultancy and mentorship support to M8M&gp themwith

the latest Al technalgy and a nominal fee may be charged for such services.

Capacity Building EventsThe CoEwill be able to organise events such as Hackathons, boot camp seminars,
workshops, and investor connscfor outreach and to attract better applications for the Cditate and/or
nationaklevel events will be organised to showcase the various advancements and achievements of the CoE.
Training programs and workshop3he CoEs will be able to provide training programs and workshops te start
ups, industry partners and SMEs to learn and upskill themselves on the latest technological advancements in
the Al and allied sectors.

Industrial Projects- The state of art infrastructure may be utilised for developing projects from scratch. The
development of such products/servisenay be done by the CoE team in collaboration with industry partners.

! https://community.nasscom.in/communities/indugt@yindiaindustry-40-adoptioncasematuremanufacturingdigitalization-20
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ANNEXURE A: OVERALL SELECTION PROCESS

The selection o€entresof Excellence (CoEs) in Artificial Intelligence is a critical step towards realizing the vision of the
India Al initiatve. This Step selection strategy has been carefully crafted to ensure a rigorous, transparent, and objective
process in identifying the institutions best suited to establish waollss Al ecosystems. The goal is to create a
transformative environment fo cuttingedge research, innovation, and collaboration with industry, academia, and
startups.

1.

10.

Expression of Interest (EOI) Calksue a public Expression of Interest (EOI) call inviting leading academic
institutions to express their interest in hostingGoE. The EOI should include broad guidelines, objectives, and
the application process.

Evaluation of EOISA committee of experts from academia, industry, and government should evaluate the
received EOIs. The evaluation should focus on the capabilityk temmord, and capacity of the institutions in
different aspects of Al, as mentioned in the EOI guidelines.

Shortlisting of Institutions:Based on the evaluation of EOIs, shortlist the topl20academic institutions that
show the most potential to host aoE. The shortlisted institutions will be invited to submit detailed proposals.

Detailed Proposal Submissiofthe shortlisted institutions will be given a specific timeframe (e.g., two months)
to submit a detailed proposal outlining their vision for the GolE how they plan to achieve the objectives. The
proposal should include plans for research, innovation, industry collaboration, technology transfer, sustainability,
and outreach.

Expert Review of Detailed Proposalsn empowered committee comprising Al experts, industry representatives,
and government officials should review the detailed proposals. The evaluation should assess the institutions'
academic experience, research quality, and potential national and intierred impact on the Al ecosystem.

Presentation and Q&AThe shortlisted institutions should make presentations to the evaluation committee to
elaborate on their proposals and respond to any questions or clarifications sought by the committee.

Scoring andRanking:Each proposal should be scored based on the evaluation criteria and guidelines provided
to the evaluation committee. The scores should be used to rank the proposals.

Selection and AnnouncemenBased on the rankings and evaluation scores, thethiope institutions should be
selected to host the CoEs. The selection should be announced publicly, and the chosen institutions should be
informed officially.

Signing of MoUsAfter the selection, the Ministry of Electronics and Information Technologyt{ylehould enter
into Memorandums of Understanding (MoUs) with the selected institutions, clearly outlining the roles,
responsibilities, funding, and governance structure.

Monitoring and Periodic evaluationRegularly monitor the progress of the selectedES through periodic
reviews and evaluations. Hold the CoEs accountable for achieving their proposed objectives and delivering
impactful outcomes. Conduct comprehensive evaluations after specific periods to assess their achievements,
impact, and adherenct® the original proposals and objectives. The evaluation parameters listed in Annexure D
are subject to revision and change every 2 years, depending on the progress of the mission and future context.
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ANNEXURE B: TEMPLATE FOR SUBMISSION OF SHORT (RONRCEFAL P

PART FINSTITUTIONAL CAPABILITY

A. Organisation Details

Name of the Host Institution/Organization:
Address:
Contact:
Email:
Website:
NIRF Ranking:
NAAC Accreditation:
Name of the Head of the Institution/Organization:
Designation:
Address:
Contact:
Email:
Name of the proposed Head of CoE (permanent faculty of the applicant entity):
Designation
Address :
Contact :
Email :

B. Infrastructure and Resources

0O Computing resources: Specify the available computing resources for Al research, including number of servers,
number of GPUs and other relevamrdware.

O Laboratories: Provide information about the number and details of research laboratorfasilities available for
Al research within the institutian
O Data storage: Provide information about the capacity and availability of data storage systems for Al research

0O Software licences: Mention any specialised software licences or tools availabsigpairt Al research activities

O Access to datasets: Mention whether the institution has access to-duglity datasets that can be used for Al
research. Provide details of the same.

O Incubation centre:

2 Indicate whether the institution has an active aneh€tioning incubation centre focused on fostering
entrepreneurship and supporting startups inm&lated fields:

3 Provide an overview of the activities undertaken by the incubation centre in the past 3 years:
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C. Expertise and Personnel
S.No| Parameter Number
1 Permanent faculty members with expertise in Al or related disciplines
2 Researchers specialising in Al or related fields
3 Permanent faculty members/research staff able to devote 30% time to Co
D. Research Capacity
S.No| Parameter Number
1 Research publications in reputable Al conferences and journals by faculty me
and researchers associated in the last 5 years
2 Ongoing research projects in Al along with short description (foundational
applied research)
3 Completed research projects in Al along with short description (foundational
applied research)
4 Patents filed and granted based on reseaocitputs
5 Research ideas converted into soelconomic applications with reaborld impact
E. Collaboration Potential
Details
S.No Parameter Number (Stakeholders, objective, outcome,
impact, length of collaboration)
Collaborative projects witindustry,
1 government, and other academic
institutions that have resulted in tangibls
outcomes
Technology transfer agreements or
2 licensing deals signed with industry

partners
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PART I+ SHORT CONCEPT PROPOSAL

A. How does the establishment of the-BbE align with the larger goals of your academic institution? (500 words)

B. Provide an overview of the unique advantages that your academic institution offers to the establishment of the
AICoE (500 words)

C. What is the potential sectoral focus envisioned floe CoE and what makes your academic institution a good fit
for the identified sector? (500 words)

The evaluation parameters for Step | are outlined in the Table below

S.No Evaluation Evaluation Parameters Weightage
Category
1 Infrastructure and[ - Adequacy and quality of available computi| 20%
Resources resources, laboratories, data storageatasets,and

software licences for Al research.

- Demonstration of investment in and commitment
creating a conducive environment for ielsearch

- Vibrancy of the incubation centre and the extent
support it provides to student entrepreneurs

2 Expertise & - Track record and achievements of faculty and stafl 20%
Personnel Al research, publications, or collaborations

- Ability of the institution to devote personnel to th
CoE

4 Research Capacit| - Evaluation of the quality and impact of ongoing d 20%
completed projects showcasing Al research

~ Ly addAddzia 2 y-epacifieréséaieh dapacity]

3 Collaboration - Strength of partnerships and collaborations w| 20%

industry and other academic institutions.

Potential

- Potential for fostering collaborative researd
innovation, andknowledge exchange within the 4
ecosystem.
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the larger goal of the CoE

- Assessment of whether the institution is best plag
for the identified sector

S.No Evaluation Evaluation Parameters Weightage
Category
4 Vision and - Alignment between the establishment of a CioEAI| 20%
and the longterm strategic goals and vision of tl
Alignment academic institution.
- Strength of the unique advantages that the instituti
offers to the CoE
5 Sectoral focus - Assessment of the sectoral focus and alignment v
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ANNEXURE C: TEMPLATE FOR SUBMISSION OF DETAILED PROPOSAL

PART I: RESEARCH ANRNOVATION PRIORITIES
Strength of sectoral research priorities:

Provide an overview of theectoral focusas well as theesearch prioritieswithin the chosen sector(s).
Explain the significance and relevance of these research priorities in addresdimgprighchallenges and
opportunities. Highlight how these priorities align with the broader goals of the CoE and contribute to
advancements in Al technology and applications.

Innovation and Entrepreneurship Capability

Describe theA y & (i Aeffodizi t6 @ster innovation and entrepreneurship in the field of Al. Highlight
initiatives, programs, and support mechanisms put in place to promote the development and growth of Al
startups. The following aspects should be covered:

Y Number ofincubated startups in the last 5 yearsList the names of Al startups that have been
incubated by thenstitute in the past five years. Include information about their respective sectors
and websites to showcase the diversity and scope of the startupsostenl by theinstitute.

Yy Average amount of funding raised by stadps - Include information on the total amount of
funding raised by Al startups that received support fromitreitute. Highlight any success stories
of startups that secured substantialrfding from investors.

Yy Placement rate in the past 5 yearsProvide information on the placement rate of students and
researchers who have been associated with thditute in leading Al companies or research
institutions. This may include data on job gdanents, internships, or further academic pursuits.

PART II: INSTITUTIONAL ASSESSMENT AND CAPACITY BUILDING
Capacity Building Process:

Describe the capacitpuilding programs and initiatives implemented by the institution to enhance the
skills and expersie of its stakeholders in Al research and innovation in the last 5 years.

Describe different proposed activities the CoE will be undertaking to theldapacity of stakeholders
in the next 5 years and the proposed impact of the same

Identified Spoke istitutions

List the institutions that the CoE seeks to identify as "spoke" institutions collaborating with the CoE.
These institutions may include universities, research centres, or industry partners that play a key role in
supporting the CoE's researchigmties and initiatives in the Al sector.

PART Ill: PROJECT MANAGEMENT AND SUSTAINABILITY
Proposed Sustainability Model

Given that the CoEs will be required to start generating revenue to enable attaining sustainability after
the initial 5 years of fundig support, outline the proposed sustainability model for the CoE to ensure its
longterm viability. This model should include funding sources, revenue generation strategies,
partnerships with industry and the proposed hgHarly/yearly targets to attain ustainability.
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Quarterly and yearly milestones

Provide a list of the key milestones planned for the CoE on a quarterly and yearly basis. These milestones
should align with the sectoral focus and research priorities, as well as indicate the progress and
achievements of the CoE over time. They may include activities such as research projects, publications,

collaborations, capacity building and entrepreneurship activities that the CoE

The evaluation parameters for Step Il are outlined in the Table below

S.No [ Evaluation Category Evaluation Parameters

1 Sectoral focus and research priorities - Assessment of the relevance of sectoral focus and resg
priorities in the identified application sector(s)

- Assessment of the scalability and sustainability of the J
priorities to address critical challenges in chosen sector

- Evaluation of the potetial societal impact of CoE's resear
findings and applications in identified sectors.

2 Innovation and Entrepreneurship - Demonstration of CoE's efforts to foster innovation g
entrepreneurship in Al

- Robustness of initiatives, programs, and supp
mechanisms to promote the development and growth of
startups

- Evidence of successful incubation of startups, as indic
by the number and diversity of incubated startups

3 Capacity Building - Demonstration of programs and initiatives described
enhance the skills and expertise of stakeholders in
research and innovation

- Comprehensiveness in approach to building capacity in
Al domain

4 Proposed Sustainability Model - Assessment of theclear funding sources and reven
generation strategy for lontgerm viability

- Assessment of the feasibility of the hgHarly/yearly
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S.No [ Evaluation Category Evaluation Parameters

targets

5 Spoke institutions - Relevance of "spoke" institutions in supporting the Cq
research priorities and initiatives

- Demonstration of a strong potential for collaboration a
mutual benefit

6 Quarterly and yearly milestones - Alignment of milestones with the sectoral resear
priorities and tangible progress and achievements of
CoE over time

- Assessment of the feasibility of the quarterly and yed
targets

ANNEXURE D: PERIODIC MONITORING TEMPLATE AND SCORING MECHANISM

Sekction of the Centers of Excellence (CoEs) in Artificial Intelligence, a rigorowaresmirent process should be followed
to ensure that the chosen institutions are best suited to fulfil the objectives of the India Al vision.

Proposed Scorin@ystem:

TS @I tdzS 2F GEé Ay GKS (Fro6tS 6St2¢6 Aa n F2N GKS FANRG O

S.n Main Metric SubMetric Description Score | Weightage
o
1 Academic Experience and Record of Successful Translation (20x)%

1.1 Research Output| Research papers published Number of research

and Impact papers published in
reputable Al conferences
and journals by faculty
members and researchers
associated
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S.n Main Metric SubMetric Description Score | Weightage

(o]

Patents filed and granted Number of patents filed
and grantedbased on
research outputs

1.2 Technology Technology transfer Number of technology
Transfer and agreements or licensing deals| transfer agreements or
Commercializatio| signed licensing deals signed with
n industry partners to

commercialise

Success rate of converting Number of research ideas

research ideas into practical | converted into socie

applications economic applications
with realworld impact.

1.3 Collaborative Collaborative projects with Number of collaborative
Projects and industry, government, and projects with industry,
Partnerships other academic institutions government, and other

academic institutions
that have resulted in
tangible outcomes.

2 Quality and 20%
Impact of the
Proposed
Research:

2.1 Foundational Functional/Technological Evaluation of the quality

Research
Evaluation

Evaluation of the foundational
research contributions in core

Al areas

and impact of
foundational research in
Al areas such as LLMs,
Computer Vision,
RoboticsMachine
Learning, NLP, etc.
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S.n Main Metric SubMetric Description Score | Weightage
(o]
Sectoral Assessment of research
impact on identified
Evaluation of applications in application sector(s)
sectoral areas
2.2 Societal Impact Assessment of the potential Evaluation of the
and Sustainability] societal impact oproposed potential societal impact
research and applications of CoE's research finding
and applications itthe
identified sector(s).
Evaluation of the scalability an| Assessment of the
sustainability of the proposed | scalability and
solutions sustainability of the CoE'Y
solutions to address
critical challenges in
chosen sectors.
3 Potential National (20x)%
and International
Impact on the Al
Ecosystem:
3.1 Collaborations Collaborative research project{ Number and impact of

and Partnerships

and joint initiatives with
international Al experts|[MA2]

collaborative research
projects and joint
initiatives with national &
international Al experts,
institutions, and industry
partners.

Participation in multilateral
partnerships and relevant
global forums

Participation and
contribution of CoE in
multilateral partnerships
and global forums to
enhance India's Al
ecosystem.
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S.n Main Metric SubMetric Description Score | Weightage

(o]

3.2 Global Presence and recognition o] Presence and recognitior]
Recognition and CoE as a global Al leader | of CoE as a global Al
Knowledge leader through
Exchange participation in

international events,
conferences, and forums
Exchange programs for PhI] Number of exchange
students and researchers programs for PhD
with globalacademic students and researchers
institutions to foster knowledge
exchange and capacity
building.

4 Innovation and 10%
Entrepreneurship

4.1 Startup Al startups incubated and Number of Al starups
Incubation and supported incubated and supported
Funding by the CoE.

Fundaising by starups Amount of funding raised
supported by the CoE by startups supported by
the CoE.

4.2 Commercial Al Commercial Al products or [ Number of commercial A
Product solutions launched by start | products or solutions
Development ups from the CoE developed and launched

by startups from the CoE
Impact of startups in the Success rate of statips in
market scaling their Asolutions
and creating an impact in
the market.
5 Capacity Building 10%
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S.n Main Metric SubMetric Description Score | Weightage

(o]

5.1 Skilled Workforce Number of skilled Al Number of skilled Al
Development professionals trained professionals trained

through the CoE's programg through the CoE's trainin
programs and workshops

Placement rate of students | Placement rate of student

and researchers associated| and researchers associate

with the CoE with the CoE in leading Al
companies or research
institutions.

6 Collaboration and 10%
Knowledge
Sharing:

6.1 Collaborative Number of joint research Number of joint research
Efforts and projects andnitiatives with | projects and initiatives
Projects industry partners and other| with industry partners

academic institutions and other academic
institutions.
Collaborative efforts Number of industry
facilitated academiagovernment
collaborative efforts
facilitated by the CoE.

7 Revenue (10+2x)%
Generation and
Self
Sustainability:

7.1 Revenue from Revenue generated througt| Amount of revenue
Commercializatio licensing agreements and | generated through
n joint ventures with industry | licensing agreements and

partners joint ventures with
industry partners.
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S.n Main Metric SubMetric Description Score | Weightage

Revenue generated through Amount of revenue
consultancy and mentorshif| generated through

support to MSMEs consultancy and
mentorship support to
MSMEs.
7.2 Progress Towards Selfsupporting revenue Percentage of self
SelfSustainability achieved within the supporting revenue
specified time frame achieved within the

specified time frame.

Impact on longterm Impact of revenue

sustainability and growth of| generation on the CoE's

the CoE longterm sustainability
and growth.

The scoring system will be on a scale of 1 to 100, where 1 represents the lowest performance aapré®énts the
highest performance for each subetric. The overall scores for the main metrics will be calculated based on the average
scores of their corresponding subetrics.

Scoring Guide:
A. Score
0-20: Poor or negligible performance. Little to esidence of achievement in the subetric.
21-40: Below average performance. Minor evidence of achievement, but significant improvearemntseded.
41-60: Average performance. Some achievements in thersatric, but further enhancements are required.
61-80: Above average performance. Substantial evidence of achievement, meeting expectations.

81-100: Excellent performance. Outstanding achievements in thensetitic, exceeding expectations.

Note: The evaluators will assign scores based on the evidencedeabbiythe Center of Excellence in each suietric.
The individual metrics have been assigned weights in sync with the vision.
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The overall scores for the main metrics will be calculated as the sum of the products of individual metrics and weightage.

Example:

S.no| Main Metric Score (3100) Weightage | Overall Score
1 Academic Experience and Record of Successful Trans| 90 20% 18

2 Quality and Impact of the Research: 80 20% 16

3 National and International Impact on the Al Ecosystem 90 20% 18

4 Innovation and Entrepreneurship: 95 10% 9.5

5 Capacity Building: 90 10% 9

6 Collaboration and Knowledge Sharing: 85 10% 8.5

7 Revenue Generation and S8lfistainability: 60 10% 6

Overall Score 85
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OBJECTIVE

The objective of thiseport is to outline the key goals and objectives of the India Datasets Platform (IDP) and provide a
O2YLINBKSYyaA @S dzyRSNERUGIFIYRAY3I 2F Ada LJzN12aSs>s FdzyQUA2yl f
framing a process of identifying and piding access to potential datasets for dabdven governance as well as to
catalyze a robust data and-Based startup and research innovation ecosystem. It will serve as a guiding framework for

the development, implementation, and utilization of the |[@Rsuring that all stakeholders have a common understanding

of its objectives and the desired outcomes it seeks to achieve.

Datasets are structured collections of data that are organized and presented in a specific format or structure. They consist
of individual data points or records that are related to a particular subject or domain. Datasets can include various types
of data, such as numerical, textual, categorical, or multimedia data. Government departments or agencies serve as data
providers and uplod datasets onto the data exchange platform. Research organisations and private entities may also
contribute datasets to the platform. These datasets contain valuable information collected by the government and other
entities as expanded under Section Hclswas demographic data, economic indicators, environmental data, or public
health statistics. Datasets act as the core offering of data providers and form the basis for data sharing and utilization.

Datasets are subject to data governance principles aridefjnes. Data governance ensures that datasets are managed,
stored, and shared in a secure and compliant manner. It establishes rules for data quality, privacy protection, access
control, and metadata management, ensuring the integrity and usability tafsg#és within the data exchange platform.
Datasets form the core building blocks of the IDP, serving as the foundation for dataset sharing, analysis, and monetization.
They play a crucial role in enabling collaboration between dataset providers and carssudriging innovation, and
unlocking the value of data for societal benefits.

The IDP will play a crucial role in boosting the Al ecosystem in India by providing a robust foundation-thiveata
innovation and development. Here's how IDP may contriliatthe growth of the Al ecosystem:

Access to Diverse and Quality Datasets

Facilitating Data Collaboration

Enabling Datdriven Al Models

Accelerating Al Research and Development

Enabling government to become Ddfaiven Organizations

=A =4 =4 -4 =4

IDP plays a pivotable in creating an ecosystem where Al researchers,-sfast and organizations can access kighlity
datasets, collaborate, and leverage datdven approaches to drive Al innovation and development in India.

GLOSSARY
Term Definition
DataExchange A platform that facilitates the sharing and exchange of data between data prov
and data consumers.
Data Provider A government department or agency that uploads and shares data on the
exchange platform for consumption by datansumers.
Data Consumer An entity, such as a research institution or startup, that utilizes data from the

exchange platform for applications, innovation, or research purposes.
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Term Definition

API Application Programming Interfaceé\ set of rules angrotocols that allows software
applications to communicate and access data from the data exchange platform

Dataset A collection of related data provided by data providers, which is made availab
consumption by data consumers on the datechange platform.

Data Governance The overall management, control, and protection of data, including poli
procedures, and practices related to data sharing, security, privacy, and complii

Metadata Descriptive information about dataset, including its structure, format, source, a
other relevant details that provide context and facilitate data discovery
understanding.

Data Security Measures and practices implemented to protect data from unauthorized act
breaches, and other security threats, ensuring the confidentiality, integrity,
availability of data.

Data Monetization The process of generating revenue or economic value from data assets, ty|
through selling data, providindata-related services, or leveraging data for busint
opportunities.

Governance Framework A set of guidelines, rules, and principles that govern the management, use
sharing of data within the data exchange platform, ensuring compliance
accountability.

EXECUTIVE SUMMARY

Datasets from government ministries and departments play a fundamental role in artificial intelligence (Al) as they serve
as the primary building blocks for training, validating, and improving Al models. Datasets provide the necessary
information for Al ajorithms to learn patterns, correlations, and relationships within the data, enabling models to make
accurate predictions or decisions when presented with new, unseen data. They are particularly vital in supervised learning,
where labelled examples help Alodels understand the desired outputs, and unsupervised learning, where datasets
enable models to discover hidden patterns and structures within the data. Additionally, datasets are essential for
validating and testing Al models, ensuring their perfornre@and generalization capabilities. Continuous learning and
improvement of Al models also rely on updated datasets. Therefore, acquiring and utilizingulalifhi datasets are

critical steps in developing effective Al solutions that can drive innovatichsalve complex problems across various
domains. The IDP Working Group chaired by Mr. Amitabh Nag, CEO, of Digital India Bhashini Division was set up with a
YIEYyRFEGS G2 RSOSE2L) GKS o0fdzSLINAY (G FT2NJ L5t Qa RSaA3Iys | NOF

DATASETS MANEMBENT ECOSYSTEM IN INDIA
In a world inundated with information, data provides valuable insights that help individuals, organizations, and

governments make welhformed choices. From market trends and consumer preferences to economic indicators and
social patterns, data analysis allows us to identify opportunities, mitigate risks, and optimize outcomes.
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Data fuels emerging technologies like Al, enabling them to improve efficiency, enhance personalization, and create
intelligent systems that revolutionizadustries and enhance user experiences, this can be achieved by forming datasets
from available data withithe organization.

In the realm of healthcare and research, data plays a crucial role in driving progress and improving patient care. Health
records, clinical trials, and medical research data provide valuable insights that aid healthcare professionals in diagnosing
diseases, identifying patterns, and developing effective treatments.

Some benefits of having efficient datasets are:

1 Leveraging dta in healthcare systems allows tracking of epidemics, identifying risk factors, and finding innovative
solutions to health challenges.

1 Datasets have the potential to foster social and economic development.

1 Governments can use datasets to identify sodigtands, formulate evidencbased policies, and address social
issues.

1 Datasetdriven decisioamaking leads to better resource allocation, improved governance, and effective
solutions.

1 Datasets have become an indispensable asset, empowering infalewsbon-making,and driving technological
advancements.

1 Responsible and ethical use of data is crucial for shaping a better future for individuals, organizations, and society
as a whole.

CONCEPTUALISING IDP FOR DATA MANAGEMENT PRACTICES

VOPPORTUNITY FOR TRANSFORMATION OF DATA IN GOVERNMENT

The digital era hasrpsented governments worldwide with a remarkable opportunity for the transformation of data in
governance. Data has become a valuable asset that, when effectively harnessed, can revolutionizerda&isigrpublic

service delivery, and overall governammactices. Governments now have access to vast amounts of data generated by
citizens, businesses, and various public systems, offering unprecedented insights and possibilities for improvement. By
leveraging data analytics, governments can extract meaningformation, identify patterns, and gain valuable insights

into the needs and preferences of their constituents. This ditaen approach allows for evidentased policymaking,
enabling governments to address societal challenges more effectivelyflici@mtly. For instance, data analysis can aid

in identifying areas of high demand for public services, optimizing resource allocation, and improving service delivery.

Government Data can empower citizens, fostering a participatory and inclusive govermearioonment. By making data
accessible to the relevant stakeholders, governments can promote transparency, accountability, and citizen engagement.
Data initiatives provide opportunities for collaboration, innovation, and informed decisiaking by citigns, businesses,
researchers, and noegovernmental organizations. Citizens can actively contribute to governance processes, provide
feedback, and careate solutions based on datiiven insights. The transformation of data in government also opens
avenuesfor improving the overall quality of public services. Through predictive analytics and machine learning,
governments can anticipate and prevent issues before they arise. For example, data analysis can identify potential
infrastructure failures, anticipatdisease outbreaks, or detect fraudulent activities, enabling proactive interventions and
resource optimization.

Harnessing the full potential of data in government requiseseralconsiderations. Governments must establish robust

data governance framewks, including privacy protection, security measures, and ethical guidelines. Effective data
management practices ensure that data is collected, stored, and used in a responsible and secure manner, respecting
privacyrights,and safeguarding against misu3die opportunity for the transformation of data in government is immense.

By embracing datdriven governance practices, governments can enhance deeaisaking, increase transparency, and
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engage citizens more effectively. The utilization of data analytipen data initiatives, and advanced technologies
empower governments to address societal challenges and deliver improved public services. As governments continue to
explore and invest in datdriven approaches, the potential for positive and transforimatchange in governance is
significant.

The implementation of the Indian Data Platform (IDP) presents a significant opportunity for government departments to
unlock the value of their data and leverage it for evidebased decisiomaking, improved goveance, and efficient
service delivery.

GLYRAF 5FGFrasSda LIXIFGF2NY o6L5t0 Aa O2yOSLIidzZ t A&SR & I
datasets for research and statips withroled 8 SR | 00S & a o¢

IDENTIFICATION OF POTENTIAL DAGAVERNMENT MINISTRIES

Identifying potential data that can be used for national benefits requires a systematic approach. By following the outlined
steps, the platform can strategically gather diverse datasets from government ministries, research instjtanidprivate
organizations, fostering collaboration and unlocking valuable insights through emerging technologies like Al and data
analytics Here are some steps thatgovernment department can take to identify such data

1 Clearly articulate the objectds and priorities of the government department. Identify the areas where data can
play a significant role in addressing societal challenges, improving public services, or supporting policy
formulation.

1 Engage with internal and external stakeholders to emstiand their data needs, challenges, and potential data
sources. This can involve consultations with other government departments, industry experts, research
institutions, and citizens.

1 Conduct an inventory of the data already available within the depaninEvaluate the quality, relevance, and
potential utility of the data for addressing the identified objectives. Consider both structured data (e.g.,
databases, spreadsheets) and unstructured data (e.g., documents, text, images).

1 Look beyond the departmeis internal data holdings and explore external sources of data that could be relevant
to the objectives. This can include data collected by other government agencies, research institutions, private
organizations, or even publicly available data.

1 Foster cdlaboration with other government departments and agencies to identify and share data that can be
mutually beneficial. Establish datharing agreements and protocols to facilitate the exchange of data while
ensuring privacy and security.

I Stay updated onmerging technologies, such as Al, machine learning, and data analytics, that can unlock insights
from large and complex datasets. These technologies can help identify patterns, correlations, and trends in data
that may not be immediately apparent.

1 Ensure hat any data collection and usage adhere to privacy regulations and ethical guidelines. Protecting the
privacy of individuals and sensitive information is crucial in handling data for national benefits.

1 Conduct pilot projects or proof of concepts to telse feasibility and value of using specific datasets for national
benefits. These smadicale initiatives can provide insights into the potential impact and challenges associated
with utilizing the data.

1 Regularly evaluate the effectiveness and impact sihg data for national benefits. Monitor progress, gather
feedback from stakeholders, and make necessary adjustments to data strategies and priorities.

VBUILDING STRUCTURED DATA REPOSITORY

Data that is managed through a proper channel and segment is more valuable as considered in standard data management
practices. IDP is conceptualised on a federated approach. In a federated data approach, data remains distributed across
multiple independehsystems or organizations. Each system retains control and ownership over its own data, and data is
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accessed and queried in a decentralized manner while enabling collaborative analysis across different afidistry
departmentdatasets. In this approachyé¢re is no central data repository or consolidation of data. Instead, when a query

is executed, it is sent to the relevant systems that hold the data being queried. These systems independently process the
query and return the results to the user.

The fedeated data approach allows organizations to maintain autonomy and control over their data (managed by DMO)
while enabling collaborative analysis across diffengmistry datasets. However, it can be challenging to ensure data
consistency, security, and AR A Y F G A2y | ONRaa YdzZ GALX S aeadaSvyad Ly L5t Q
be easily done:

1 Datasets CatalogA centralized repository or inventory that provides a comprehensive view of available datasets
within an organization. It includes metadata about the datasets, such as descriptions, attributes, data sources,
and access permissions.

I Smart Contract:lt provides a secure and transparent mechanism for data transactions, ensuring trust and
authenticity in data exchange between providers and consumers. Thesexgelfiting contracts enable
automated agreement enforcement, streamline processes, and enhance datarrgance within the IDP
ecosystem

9 Datasets DiscoveryThe process of locating and exploring relevant datasets within a data catalogue or data
repository. It involves searching, filtering, and evaluating datasets to find the most suitable ones forcspecifi
purposes.

9 Data LineageThe ability to track and trace the origin, transformations, and movement of data throughout its
lifecycle. Data lineage helps in understanding data dependencies, ensuring data quality, and complying with
regulatory requirements.

1 Datasets Access Controfhe mechanisms and policies that control who can access, modify, or view specific
datasets. It involves defining user roles, permissions, and authentication mechanisms to protect sensitive or
restricted data.

1 Datasets VersioningThe practice of maintaining different versions of a dataset to track changes over time. It
allows users to refer to specific versions of a dataset and compare differences between versions.

1 Datasets CollaborationThe process of enabling multiple users orrntesato collaborate and work together on
shared datasets. It involves providing mechanisms for data sharing, data synchronization, and collaborative data
analysis.

1 Datasets PrivacyThe protection of personal or sensitive data to ensure compliance withgyiregulations and
ethical considerations. It involves implementing measures like anonymization, pseudonymization, or data
masking techniques to safeguard individual privacy.

IDP enales input (i.esharing) and output (i.e. accessing) of data in supported file formats (like CSV, JSON and XML) and
via API. In other words, Data Providers can share data on IDP either by uploading a file(s) or via API, while Data Consumers
can access data on IDP eith®r downloading a file(s) or via API. Further, Data Providers can specify whether a shared
dataset can be accessed by Data Consumers as a downloadable file(s) and/or via API.

The preferred format for exchanging data on IDP will be via APIs. However, tfemplavill also make the uploaded
dataset files available to be accessed via APIs by the Data Consumers.

[PRICING MODEL

A pricing model in IDP will play a crucial role in determining the appropriate pricing for a product or service. IDP will

implement a comrehensive pricing and payment management module. This Payment module aims to empower Data

Providers to specify the pricing details for the datasets they share on the platform, enabling a seamless and transparent
transaction process with Data Consumers.
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Features of the Pricing and Payment Management Module
1 Empowering Data Providers:

The pricing and payment management module will provide Data Providers with the ability to set the price for the datasets
they share on IDP. Data Providers can determine theevaf their data products based on various factors, such as the
dataset's uniqueness, relevance, and demand.

1 Flexible Pricing Options:

The module will offer flexibility in pricing options, allowing Data Providers to choose between different pricing models.
They can set a fixed price for a dataset for a specific period, dimeepayment for a certain number of accesses, or even
offer subscriptionbased pricing models.

i Terms of Payment:

Data Providers will have the freedom to define the terms of paymenb@ated with accessing and consuming their
datasets. They can specify whether the payment is atone transaction, periodic subscription, or based on the number
of accesses.

1 Seamless Payment Process:

Once the Data Provider specifies the pricing det#lils,module will facilitate a streamlined payment process for Data
Consumers. After selecting the desired dataset, Data Consumers will be guided through a secure and efficient payment
gateway to complete the transaction.

1 Access After Payment:

DataConsumers can access the dataset concerned immediately after completing the payment process as specified by the
Data Provider. This ensures a seamless experience for users and encourages more data transactions on the platform.

INDIA DATASETS PLATFORM

VINTRCIDUCTION TO INDIA DATASETS PLATFORM

By building an interoperable, robust, and secure digital platform, the IDP strives to foster the growth of thdridata
digital economy and governance systems. The IDP will be developed using modular softwpoments based on micro
services architecture, incorporating opsource tools and technologies. Through its robust federated framework, the IDP
aims to promote the efficient utilization of data for various purposes that solve citieatric problems ad Research.
Features of IDP are:

1 OpenSource Architecture & Codebas&he IDP is built on an opesource architecture, ensuring transparency,
flexibility, and community collaboration. The use of opmyurce codebase promotes accessibility, allowing
develogers to contribute, customize, and enhance the platform. This approach fosters innovation, encourages
collaboration, and enables continuous improvement of the IDP.

1 Dataset Catalogue & Standards for Integratiofihe IDP establishes data registries and stasgl¢hat enable
seamless integration of various data types shared by both government and private entities. These registries and
standards ensure data consistency, quality, and compatibility, allowing for effective data integration and analysis.
By providiy a unified platform for diverse datasets, the IDP promotes -diaieen decisiormaking and enables
innovative solutions across sectors.

1 Data Exchange Ecosysterithe IDP fosters a robust data exchange ecosystem by facilitating secure and
standardized dataharing between different stakeholders. It promotes collaborations and partnerships, allowing
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data contributors to share their datasets with other users within a trusted environment. The data exchange
ecosystem encourages knowledge sharing, innovatiod,tha development of new applications and services.

1 User Created Data Artefact3he IDP enables users to contribute and share-gseerated data adfacts, such
as code, scrapers, annotations, analysis, visualizations, AI/ML models, and more. This é&mourages
collaboration, knowledge exchange, and the reuse of data artifacts within the IDP community. It empowers users
to leverage and build upon existing resources, fostering a culture of open innovation and accelerating the
development of datedriven solutions.

1 Data API & Cataloguethe IDP features a comprehensive data and API catalogue that serves as a centralized
repository of available datasets and APIs. It provides a searchable interface for users to discover, access, and
utilize data resourcesThe catalogue includes detailed descriptions, metadata, and access mechanisms,
facilitating efficient data exploration and integration.

1 Open Metadata StandardThe IDP incorporates an open metadata standard, ensuring consistency and
interoperability acres diverse datasets. This standard provides a common framework for describing and
organizing data, facilitating easy discovery, understanding, and integration of different data sources. It enables
data consumers to efficiently navigate and access reledatdsets within the IDP ecosystem.

FUNCTIONS OF IDP

India Datasets Platform (IDP) is a unified national data sharing exchange platform for all stakeholders to share, explore,
discover, and consume data/metadata/ artefacts/APIs without compromising theinbes or social goals, or on privacy,
security, and other concerns.

IDP is envisaged to include a Data Provider Workflow for sharing of data/metadata via API or file upload; a Data Consumer
Workflow for discovering and accessing datasets available offiolltRe consumers; a Community Forum to provide a
space to Data Providers and Consumers to share their analyses, code, findings and views with other community members
and stakeholders; a Data Visualization Engine for users without programming skillate ahiarts and maps using data
FgFAfFofS FNRY GKS LIXFGF2NXYT || 5SSt 2L8NBRQ {lyRoZ2E
Libraries/Software like Python and R to clean, analyze, annotate, anonymize, compile, restructure, visualize and related
activities on data available from the platform and elsewhere; and other features and functionalities as per requirements
of stakeholders and technical feasibility.

VIDP DATA SOURCES (INPUT DATA) & DATA ACCESSIBILITY

IDP will primarily enablthe exchange oflata and metadata, following common and/or domapecific standards as
FAYFftAAaSR 0@ O02YLISGSyid lFdzikKk2NAG@o6ASa0Y o6& GKS F2ftft26AY:

1 Data generated using public funds by Indian Central and State government entities, Union Territories, Urban Local
Bodies and other government/governmeatvned entities. Chief Data Officers associated with government
entities will be responsible for sharirgf data on IDP on behalf of the entity concerned. IDP can be used by
government entities for both Governmebd-Government (G2G) and GovernmentAny (G2X) data exchange
use cases.

1 Data generated by Indian private entities can be enabled to be sharsrhwdred, accessed and used via IDP as
per NDGP and other Acts/Rules/Policies. Such private entities include but are not limited to academic institutions
and universities; citizens and individuals; civil society and research organisations; industry podats,
companies and stattips; media organisations; and open data/technology communities and initiatives.

1 Data collected/compiled/generated by international government, multilateral, multistakeholder or private
entities can also be enabled to be shardikcovered, accessednd used via IDP as per applicable Indian and
international law and under approval from competent authority(ies).
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Further,

|l

IDP will enablihe exchange of data sourced by Data Providers through any of the following ways:

Datacollected or generated by the Data Provider, subject to data quality criteria and review process framed for
collected or generated data (if and as applicable) by competent authority(ies)

Data crowdsourced by the Data Provider, subject to data quality rizxitend review process framed for
crowdsourced data (if and as applicable) by competent authority(ies)

Data compiled/harvested/scraped by the Data Provider, subject to data quality criteria and review process
framed for harvested data (if and as applicglddy competent authority(ies)

Central Metadata Catalogue/Registry of all shareable,-personal data/APls managed/owned by various
entities can be created by enabling Data Provider entities, which prefer to host and serve datasets
managed/owned by them otheir independent domain/entityspecific data portals, to only make metadata of
their data/API collections available for discovery and access on IDP. This will ensure much wider discoverability,
and thus access and usage, of the data/API collections coetevithout necessitating migration of the actual
datasets to IDP.

Data Providers may share a dataset on IDP either by uploading the same as a file (in an open format like CSV, JSON an
XML) or via APIs. A copy of the shared data is only kept with IBP tiv dataset is uploaded as a file and not when it is
shared via API.

Under no circumstancedoes|IDP access, analsor modify datasets shareavith IDP. IDP makes the shared datasets
available to Data Consumers-igshared by the Data Provider and der the terms of sharing specified by the Data
Provider.

Alternatively, a Data Provider may decide to only share metadata on IDP for cataloguing and improved discoverability and
keep the datasets available only on their portal/website.

INPUT OUTPUT PROCBS®DP

The India Datasets Platform (IDP) serves as a platform for enabling the sharing and accessing of data from various data
sources. It supports multiple file formats, such as CSV, JSON, and XML, and also provides Application Programming
Interfaces (AR) to facilitate data exchange.

(A)

(B)

Input to the India Datasets Platform (IDPpata Providers can input data into the IDP using two main methods:

Uploading filesData Providers can share datasets by uploading files in supported formats like CSV, JSON, or XML.
This means they can submit the data in a structured file format directly to the platform.

Via APl:Data Providers can also share data by connecting theiesgsto the IDP through APIs. This allows for
a more dynamic and regime exchange of data, where the IDP can directly retrieve data from the Data Providers'
systems as needed.

Output from the India Datasets Platform (IDHyata Consumers can access datan the IDP using two primary
methods:

Downloading filesData Consumers can download datasets from the IDP in the supported file formats like CSV,
JSON, or XML. This allows them to get a copy of the data in a structured file format that they can@nadgze
offline.

Via API:Data Consumers can also access data intirs@l by connecting their applications to the IDP through
APIs. This enables them to query the IDP and receive data directly into their applications without the need to
download the entiredataset.
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Flexibility for Data Providers and Data Consumers
The IDP offers flexibility to both Data Providers and Data Consumers:

Data Providers can choose how they want their data to be accessed. They can specify whether a dataset can be
downloaded as éile(s) or accessed only through APIs. This allows them to control the level of access to their datasets.

Data Consumers can choose their preferred method of access. If they wasiimeatlata and have the capability to
integrate with APIs, they can us®K to access the data. On the other hand, if they need a local copy for analysis, they
can download the dataset as a file.

Preferred Data Exchange Format:

The IDP encourages the use of APIs as the preferred method for exchanging data. APIs emateleefficient and
seamless data exchange process. However, the platform also recognizes that some users may still prefer working with
files, so it allows uploaded datasets to be made accessible via APIs as well.

G¢KS LYyRALF 51 GF aSiarobutlinfiast@idtiive fod dat sharind M@ d8dedd Stasupports various file
formats for uploading and downloading datasets and encourages the use of APIs fameealata exchange. Data
Providers have control over how their datasets are accessed,Datd Consumers have the flexibility to choose the
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IDP DATA STAKEHOLDERS

IDP is a unified national data sharing and exchange platform to enable various data sharing and exchange use cases of all
stakeholders including lunot limited to Central/ State/lUT Governments, public sector undertakings, private sector
companies, industry bodies, MSMEs and startups, academia and researchers, civil society and media organisations, open
technology communities, etc.

IDP idnclusive of all types of stakeholders, while offering customisable options to Data Providers to define and control
how data/metadata/artefact/APIs shared by them can be accessed and consumed by interested Data Consumers.

Metadata of all datasets shared ®DP by different stakeholders are discoverable by all users on IDP. However, access to
datasets shared on IDP depends on the terms of sharing defined for the dataset concerned by the Data Provider
concerned.

A Digital Agreement is generated in ré¢iahe for a Data Consumer, who wants to consuisiapproved/authorised by the

Data Provider concerned to access a dataset. The terms of sharing of the dataset, including the policy and licence under
which the dataset is shared as well as additional terms and itiond (if any), as specified by the Data Provides
contained inthe Agreement along with the general terms and conditions for the Data Provider and the Data Consumer.

The Data Provider can define the terms of sharing a dataset by selecting from thpgmeved options for policy, license

and additional terms and conditions of sharing available on IDP. If needed, a request to make other policy and license
terms available for selection on IDP may be submitted by a Data Provider to be processed andappitve competent
authority(ies). Once approved, the Data Provider concerned will be able to select the requested policy/license on IDP to
define the terms of sharing of datasets shared by them.

HOW DATA WILL BE ACCESSED THROUGH IDP
IDP enables sharind non-personal data through the following Access Types:

1 Open Access to shareable, nsensitive data without any requirement of registration or authorisation of the
Data Consumer
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1 Registered Access to data that requires registration of an account on DB Byta Consumer before accessing
the data concerned

1 Restricted Access to data that requires registration of an account on IDP by the Data Consumer and approval of
a data access request submitted by the Data Consumer before accessing and/or consenciatasiet

A Data Povider can decide to either make the dataset available to all registered andegistered users of IDP under
OpenAccess omake it available only to Data Consumers registered on IDP under Registered Abeedata provider
may abo choose tomake the datasetavailable only to Data Consumers who are registered on IDP and who are
approved/authorised by the Data Provider to access the data concerned under Restricted Access.

In other words, Data Consumers will have to register onal@Psubmit a data access request to be approved by the Data
Provider concerned for Registered and Restricted Access datasets, respectively.

Data Consumers may download a dataset in open formats like CSV, JSON and XML dragetAfecess to the dataset,
as enabled and specified by the Data Provider concerned.

DATA INTEGRITY MANAGEMENT IN IDP

IDP, as a unified national data sharing and ergegplatform, is not going to access, analyze or modify any datasets shared
on the platform by any Data Provider and will make the datasets available to Data Consurizeshaed by the Data
Provider under the terms of sharing specified by the Data Hevvi

Management of integrity of shared datasets may be dividdo three stages of the dataset collection/generation,
management and sharing process:

1 Data integrity during the collection/generation stage will be the sole responsibility of the Data Rvide
concerned since IDP will not have a role in this stage of the datzylife.

9 Data integrity during the management stage will also be the sole responsibility of the Data Providers concerned
as all data management activities, including but not limited annotation, anonymization, cleaning and
organizing, are expected to be undertaken by the Data Providers concerned (or by agencies selected/deployed
by them).

IDP strongly recommends hosting and management of shared data at source, i.e. in a data storage/processing facility
owned/managed by the Data Provider concerned. Data hosted/ managed by a Data Provider may be made available on
IDP for discovery, sharing duusage via API while the data is managed/maintained/updated at source to ensure data
integrity and Single Source of Truth.

Data integrity during the exchange stage will be ensured by IDP by administering all data sharing and exchange flows,
between the Déa Provider and IDP as well as between the Data Provider and Data Consumer (once the Data Consumer
has gained access to the data concerned), through a dedicated secure channel/tunnel to prevent any data corruption or
loss while in transit. Data shared bwtB Providers on IDP will only be stored on IDP storage if the data concerned has
been uploaded as file(s) and not via API. Strict access control and security protocols will govern the management of shared
data kept on IDP storage to ensure zero unauthaatiaccess, modification or sharing of the same.

Under the upcoming National Data Governance Policy (NDGP), MeitY is to establish a Data Management Office (DMO).
DMO will prescribe Guidelines, Rules, and Standards to govern data collected/managed byeralingat entities,

including but not limited to quality monitoring, control, and assurance processes. IDP is being developed with an
extensible, modular, and robust microservidesmsed architecture so as to incorporate and implement the upcoming
GuidelinesRules and Standards as may be prescribed by DMO as per NDGP and other Acts/Rules/Policies.
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datasets, fostering trust among data provide and consumers, and complying with data governance regulations.
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Emphasizing the role of Data Providers in data integrity during the collection and management stages, along with IDP's
secure exchange processes, will enhance the platform's effectivenegacititating seamless and trustworthy data
sharing and usage for various national initiatives and decisigit { Ay 3 LINRP OS&aaSaodé

i1 Data Marketplace

IDP can serve as a data marketplace where data providers can offer their datasets for sale or subscripgiatforime

can provide a usefriendly interface for data consumers to browse and discover available datasets. Data providers can

set pricing models, such as otimme purchases, subscriptions, or licensing fees, based on the value and uniqueness of

their datasets. The central platform facilitates the transactional process, handling payments, licensing agreements, and
data access controls.

9 Data Access Control

The central platform can enable data providers to specify access levels and permissibas ftatasets. This allows data
providers to control who can access their data and under what conditions. They can choose to make certain datasets
publicly available for free, while charging a fee for more exclusive or premium datasets. The platforesehstionly
authorized data consumers who have paid or subscribed to the datasets can access them, protecting the interests and
revenue potential of the data providers.

IDP DATASETS EXCHANGE MODEL

IDP works as a systematic structure that will cover alllehges related to data generation and curation. Functioning of
IDP is split into a smaller segment that further gets split intosegpments. IDP working basically deals with the following
verticals to operate efficiently.

1 Data Provider Department of Geernment/ministries for uploading curated datasets ¢ime IDP platform.
Research organisations and private entities may also contribute datasets to the platform.

1 Opensource Datasets Exchang&he IDP incorporates an opsource data exchange model, whifdrms the
foundation of its datasharing infrastructure. This model promotes transparency, interoperability, and
community participation. The opesource approach allows for the development and sharing of standardized
protocols, formats, and interfaces, string seamless integration and exchange of data within the platform. It
encourages the active involvement of developers, data scientists, and other stakeholders in improving and
expanding the functionalities of the data exchange ecosystem. The-spa@rcenature of the model empowers
users to customize, enhance, and build upon the existing framework, fostering a collaborative environment for
data sharing and utilization.

1 Data ConsumersStartups and Research institutiot&t will consume data for building applications.

DATA PROVIDERS

As the backbone of the data exchange platform, government departments play a crucial role in supplying valuable data
for research institutions to consume and utilise in building applicationsefdavent departments encompass a wide
range of sectors, including healthcare, education, transportation, environment, and more. These departments possess
extensive datasets that hold immense potential for driving innovation and addressing societal chall®sgearch
organisations and private entities may also contribute datasets to the platform. Data providers, in this context, refer to
the government departments responsible for uploading and sharing their data on the platform. They act as the custodians
of valuable information gathered through their operations, policies, and programs. These departments recognize the
importance of datadriven decisiormaking and understand the value of making their datasets accessible to external
stakeholders, such as regeh institutions and startps.

Data providers are responsible for creating datasets that are suitable for consumption by research institutions. This
involves several steps, including data collection, cleaning, transformation, and annotation. Governpeatringdats have
established processes to ensure data quality, accuracy, and relevance. Data providers employ various methods to curate
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and prepare datasets. They collect data from multiple sources, such as internal systems, surveys, gaityhidta
providers. Once collected, the data goes through a rigorous cleaning process to remove errors, inconsistencies, and
duplicate entries. Data providers also ensure compliance with privacy regulations and take measures to anonymize or de
identify sensitive infamation.

After the cleaning process, data providers transform the data into a format that is easily consumable by research
institutions. This may involve structuring the data into standardized schemas, organizing it in a tabular or hierarchical
format, andapplying relevant metadata. Data annotation is another crucial step where data providers add descriptive
labels, tags, or annotations to enhance the understanding and usability of the datasets.

To facilitate seamless access to data, data providers prefapéication Programming Interfaces (APIs) at their end. APIs

act as the interface through which research institutions can retrieve specific datasets or interact with the datéineeal

Data providers design APIs to expose relevant endpoints that allnhorized access to their datasets. When preparing
APIls, data providers define the functionalities and endpoints that researchers can utilize to retrieve data. They specify the
format in which data will be delivered, such as JSON or XML, and outlinetheytication or authorization mechanisms
required for access. Additionally, data providers may establish rate limits or usage policies to ensure fair and responsible
use of the APIs.

By exposing APls, data providers enable research institutions to amms®nsume data programmatically, streamlining

the process of data retrieval and integration into their applications. This seamless integration facilitates faster
development and innovation, enabling research institutions to leverage the government'sedstaffectively. Data
providers, as government departments, play a critical role in the data exchange platform. They create, curate, and
annotate datasets to ensure data quality and relevance. Additionally, they prepare APIs that allow research imsstiutio
access and consume the data in a standardized and efficient manner. Collaborating with data providers empowers
research institutions to leverage valuable government data and drive innovation in various domains.

DATA VALUE ADDED SERVICES

In cases whex government departments may not have the resources or expertise to directly curate, label, or filter their
data for creating useful datasets, partner agencies empanelled with the IDP can play a vital role. These partner agencies,
equipped with domain knoledge and technical capabilities, collaborate with government departments to assist in the
data preparation process. Partner agencies work closely with the department to understand their data requirements and
objectives. They employ their expertise in dateanagement and analysis to curate datasets that align with the
department's needs. This involves identifying relevant data sources, cleaning and transforming the data, and applying
appropriatelabellingor filtering techniques.

The partner agencworks in collaboration with the department to define the criteria for labelling or filtering the data.
They may employ machine learning or manual annotation techniques to accurately label the data based on specific
attributes or categories. By leveraginigeir expertise, partner agencies can help ensure that the curated datasets are
accurate, relevant, and useful for research institutions.

To maintain data quality and reliability, it is crucial to verify the datasets created by partner agencies. Thativarific
process involves several steps to ensure the accuracy, completeness, and integrity of the datasets before they are made
available on the data exchange platform.

Verification starts with a thorough review of the dataset by subject matter expertsmwitié government department.

They assess the data against predefined criteria, such as data quality standards, relevance to the department's objectives,
and alignment with regulatory requirements. Any discrepancies or anomalies are identified and addinesagt further
collaboration with the partner agency.

The involvement of partner agencies brings valuable expertise and resources to government departments, enabling them
to curate and filter data effectively. Through thorough verification processesgéirernment department can maintain
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data quality and ensure that the datasets created by partner agencies are accurate, reliable, and suitable for consumption
by research institutions.

DATA CONSUMERS

In IDP Data consumers are entities such as researdhuinsts, startups, or organizations thatilize the data provided

by government departments for application building, innovation, or research purposes. They can be identified through a
process of registration or onboarding on the data exchange platfdmerested parties would submit their details,
including their organization's profile, intended use of the data, and any relevant expertise or credentials. The central body
overseeing the data exchange platform would review these submissions and verdyttienticity and suitability of the

data consumers based on their stated objectives and capabilities.

Data consumption by data consumers occussng Application Programming Interfaces (APIs) provided by the data
providers. The APIs serve as the interfdlo@ugh which data consumers can access and retrieve the desired data. When

a data consumer registers on the platform and obtains access to specific APIs, their usage is recorded and monitored by
the central body overseeing the data exchange ecosystera. cEmtral body tracks API usage metrics, including the
frequency and volume of data accessed, to ensure fair usage and compliance with any established policies or agreements.
This enables the central body to recognize and validate the usage of APIs lmpdsigners, providing insights into the

overall data consumption patterns.

Smart contracts can play a crucial role in ensuring data authenticity and establishing a trustworthy relationship between
data consumers and data providers. Smart contracts areeselfuting contracts with predefined conditions written into

code, and they can be deployed on a blockchain network. These contracts can be utilized in the data exchange ecosystem
to enforce data usage agreements, track data access, and ensure complidimct& sharing policies. Smart contracts

can include clauses related to data confidentiality, usage restrictions, and intellectual property rights. They can automate
the verification and validation processes, ensuring that data consumers adhere toréeagpon terms and that data
providers have control and visibility over their data. By leveraging smart contracts, the data exchange platform can
establish a transparent and secure environment that fosters trust between data consumers and data providers.

Data consumersare identified through a registration process, where their credentials and intended data usage are
reviewed by the central body overseeing the data exchange platform. Data consumption occurs through APIs provided by
the data providers, wittusage recognition monitored by the central body. Smart contracts can be employed to ensure
data authenticity, establish a trustworthy relationship, and enforce data usage agreements between data consumers and
data providers. These measures contribute tivamsparent, compliant, and secure data exchange ecosystem.

BUILDING BLOCKS OF IDP

The huilding blocks of IDP work @mmbining datgroviders, consumers and core working exchange structure. It involves
complex architecture of various modules that wamkhe system with overall dependency ¢ime governance framework
responsible for carrying out operations for maximum outputs. From data consumer to data provider the flow of
information andinterconnectednodes work in multdirectionalpathwaysto ensure siccess on the end of data consumers
being a valid stakeholder for usability of data.

Blocks are explained below with their basic nature of work withiilne IDP ecosystem:

Data Providers Registry A registry that keeps track of registered data providers,istptheir information and
credentials to facilitate data contribution and management within the platform

45



Data Consumer Registry

Portal Interface

Data Catalogue

Metadata Exchange

Access Model

Policy/License Managemen

Payment Management

Identity & Account
Management Module

Transaction & Paymer
Module

Highvalue Datasets
Repository

Datasets Classifier

A registry that maintains records of registered data consumers, allowing the
access and utilize available datasethile ensuring secure and authorized de
consumption

The user interface of the data exchange platform, presmuserfriendly and intuitive
interface for data providers and consumers to interact with the system, ac
datasets, and manage their accounts

The process of organizing and categorizing datasets within the platform, making
easily discoverable and searchable by data consumers

A mechanism for exchanging metadata, including dataset descriptions, attributes
other relevant information, to facilitate understanding and discovery of avail:
datasets

A defined set of rules and permissions that govern data access, specifying wt
access which datasets and under what conditions

The management of policies and licenses that govern the usage, sharing
redistribution of datasets within the platform, ensuring compliance with legal
regulatory requirements

A system for managing financial transactions related to data access and
including billing, invoicing, and paymemocessing

A module that handles user identity verification, registration, and accc
management, ensuring secure and authorized access to the platform.

A module thafacilitates secure and transparent transactions between data consur
and providers, ensuring smooth financial exchanges for accessing datasets.

A dedicated repository for storing and managing datasets of lmghortance or
strategic value, ensuring their prioritized availability and accessibility.

A mechanism that classifies datasets based on predefined criteria or categ
enabling efficient dataset organization and discovery.
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Pricing Model ¢ | A framework that defines the pricing models and strategies for monetizing dat:
Monetization Framework | within the platform, allowing data providers to earn revenue from their d
contributions.

Data Versioning A system thatmanages and tracks different versions of datasets, enabling
providers to update and maintain dataset versions over time.

Dataset Engine The core engine responsible for data storage, retrieval, and processing withi
platform, ensuringefficient and reliable dataset management.

API Catalog Module A module that provides a catalogue of available APIs within the platform, allowing
consumers to discover and utilize APIs for accessing and interacting with datase

Cross Domaibata Linkage | IDP Provides access to a Process of connecting and combining datasets from d
domains or fields to gain new insights and create a more compreher
understanding of complex phenomena

Developer Sandbox A dedicatedenvironment within the IDP that allows developers to experiment, t
and build applications using the available datasets and APIs without affectin
production environment.

INSTITUTIONALISATION OF IDP & ORGANISATIONAL STRUCTURE

Theinstitutionalization of the Indian Dataset Platform (IDP) is a crucial process that involves formalizing and integrating
the platform within the existing institutional framework. To ensure its lbegn viability and effectiveness, several key
aspects needio be addressed. Firstly, a welkfined legal and regulatory framework should be established to govern the
operations of the IDP, ensuring compliance with data privacy, security, and intellectual property rights while allowing for
flexibility and futureadaptations. Secondly, a dedicated organizational structure with appropriate leadership roles and
governance bodies should be created to effectively manage and govern the IDP's operations. This includes establishing
clear decisiormaking processes and catination mechanisms.

Sustainable funding mechanisms are also essential for the IDP's success. This can involve a combination of government
funding, publieprivate partnerships, grants, and revenue generation models to ensure ongoing maintenance,
technologcal upgrades, and capacibuilding initiatives. Active engagement with relevant stakeholders, such as
government agencies, private organizations, research institutions, and citizen groups, is crucial during the
institutionalization process. Their persgiees and expertise should be sought to shape the IDP's governance, policies,
and strategic directions. Collaborative partnerships should be fostered to leverage collective knowledge and resources.

Capacity building and training programs are vital for mézing the benefits of the IDP. These initiatives can focus on
enhancing data management, data sharing, data analysis, and data governance skills among government officials, data
contributors, researchers, and other stakeholders. By building a skilledfavoel the IDP can be effectively utilized,
promoting datadriven decisiormaking across various sectors. Finally, regular monitoring and evaluation mechanisms
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should be established to assess the performance, impact, and effectiveness of the IDP. THaskdaden approach
helps identify areas for improvement, address challenges, and optimize the platform's functionalities, ensuring its
continued growth and succesBhe aganization structure will look likéne following

The structure represents a hiexhical organization with the CEO at the top, followed by key positions in different
departments. Each department includes senior roles responsible for overseeing specific aspects of the IDP's operations,
as well as junior and milével positions contribung to the dayto-day functioning of the platformThe data department

(CDO) includes roles such as Senior Data Analysts, Data Governance Managers, and Data Operations Supervisors, whil
the technology department (CTO) has positions like Senior Softwagmdens, Database Administrators, and Data
Integration Specialists.

The Chief Partnerships Manager department focuses on strategic partnerships and collaborations, with roles such as
Senior Partnership Specialists and Business Development Managerist&tisttucture provides a clear overview of the
organizational hierarchy and the various roles within the IDP.

Initially, key officers that will enable the IDP performance are:

(A) Chief Executive Officer (Higher Authority for Managing IDP from Top to Bottom)

The Chief Executive Officer is the ultimate authority responsible for overseeing and managing all aspects of the IDP,
ensuring effective leadership and coordination from top to bottom, and driving the organization towards its strategic goals
and vision.

(B) Chief Data Officer (Manages entire Data operations of IDP):

The Chief Data Officer is responsible for overseeing and managing the complete data providers of the IDP, including data
collection, analysis, storage, and security, ensuring the availabilitycofate datasets to helfhe research & innovation
ecosystem in India.

(©) Chief Technology Officer (Manages Technical End to End operations):

The Chief Technology Officer is tasked with managing & upgrading the technology operations of the IDP, overseeing the
development and implementation of technology strategies, infrastructure management, and ensuring the efficient
delivery of technical solitins aligned with organizational objectiveShe CTO is also responsible for conducting
workshops along with DMO to educate government ministries on data management and determine how datasets can be
used for further usage in segmeydf Artificial intelligence.

(D) Chief Business Officer (Responsible for Revenue Generation and Client Management):

The Chief Business Officer plays a crucial role in driving revenue generation and client management for the IDP, developing
and executing business strategies, fostgrpartnerships, and ensuring client satisfaction to achieve sustainable growth
and profitability.

(E) Chief Operating Officer (Responsible for Detailed operations management of IDP):

The Chief Operating Officer is responsible for the comprehensive manageimepémtions within the IDP, overseeing
day-to-day activities, optimizing processes, and ensuring operational efficiency to delivequmdjty services to all
stakeholders of IDP.

(F) Chief Partnerships Manager:

The Chief Partnerships Manager is respondimeleveloping and nurturing strategic partnerships for the IDP, identifying
collaboration opportunities, negotiating agreements, and fostering relationships with external stakeholders to drive
innovation, growth, and expand the organizatiorésich byonboarding more data organizatioras part of IDP.
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secure diverse and sustainable funding sources, and actively engage with relevarkelstdders. Furthermore,
conducting capacity building and training programs will enhance the skills of the workforce, and implementing a
comprehensive monitoring and evaluation system will ensure continuous improvement and effectiveness of the
platform. A well-structured and coordinated organizational framework under India Al as IBD and National Data
Management Office may be required for achieving the IDP's objectives and promoting ddtéaven decisioamaking

across sectors in India

DATA SHARINBRACTICESINTERNATIONAL PERSPECTIVE

Datasharing practices through marketplaces have gained significant traction internationally, revolutionizing the way data
is exchanged and utilized across borders. These marketplaces serve as intermediariesinfaciéitahless transactions
between data providers and data consumers from different countries and industries. International data marketplaces
have become a pivotal force in promoting datdven decisiormaking, powering innovation, and driving economic
growth. Through secure and standardized platforms, organizations and individuals can now share, buy, and sell datasets
on a global scale, breaking down traditional barriers and enabling a more interconnected and collaborative approach to
data sharing.

One ofthe key advantages of international data sharing through marketplaces is access to a vast and diverse pool of
datasets from various regions and domains. Organizations can tap into valuable data sources that might have been
previously inaccessible due t@ggraphic or industrgpecific constraints. This democratization of data fosters a richer
understanding of global challenges and opportunities, supporting dvosser research, market analysis, and ddtiaven
policymaking. Moreover, data marketplaces eoft prioritize data privacy and security, adhering to international data
protection standards, and implementing encryption and access controls, ensuring that sensitive data is shared responsibly
and ethically. As these marketplaces continue to evolve aimitgast, they hold the potential to revolutionize industries,

spur innovation, and lead the way in shaping the future of international data collaboration.

Referring to the core crux doiie data marketplace for public data sharing, several internationahgXdes stand out, each
managed by various entities such as private companies, academic institutions, and government bodies. These platforms
offer valuable datasets for a fee, enabling access to a wide range of information for research, analysis, amddakisg
purposes.

Microsoft Azure Cloud Marketplace:

Microsoft Azure Cloud Marketplace is one of the leading data marketplaces, offering an extensive array of datasets across
various domains. Managed by Microsoft, this platform caters to both private @uiic sector organizations. Data
available on this marketplace includes demographic information, geospatial data, financial data, health data, and more.
Users can access these datasets on agEuse basis, allowing them to obtain valuable insights lendrage Microsoft's

data processing capabilities.

Amazon AWS Data Marketplace:

Amazon Web Services (AWS) also hosts a paid data marketplace that serves as a hub for diverse datasets. The AWS Dat
Marketplace is a part of the AWS ecosystem and is managefimazon. It provides users with access to datasets on
topics such as weather patterns, economic indicators, market trends, and more. With tkesyay-go pricing model,

users can access these datasets seamlessly through AWS infrastructure, empowerimgot draw meaningful
conclusions and drive innovation.

World Bank Data Catalog:

The World Bank, a prominent international financial institution, manages a data marketplace known as the World Bank
Data Catalog. This platform offers a wide range of puliditasets related to global development, economics, social
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indicators, and environmental statistics. These datasets are openly accessible, and researchers, policymakers, and
businesses can utilize them to gain insights into global trends, challenges, poduoyties.

Google Cloud Public Datasets:

Google Cloud Platform provides the Google Cloud Public Datasets, a collection of publicly available datasets that cover
various fields such as genomics, climate, geospatial data, and more. Managed by Googlatftiiia encourages data

sharing for research and innovation, and the datasets are often made available at no cost or with minimal fees to cover
storage and processing expenses.

European Union Open Data Portal:

The European Union (EU) operates the Europdiaion Open Data Portal, which acts as a central repository for open data
from EU institutions and agencies. Managed by the European Commission, this portal offers a vast range of datasets
covering topics like agriculture, economy, environment, and s&saks. These datasets are freely accessible, promoting
transparency, collaboration, and dataiven policymaking within the EU.

The hformation given above represents just a fraction of the thriving data marketplaces globally, each contributing to the
democratization of data and enabling datkiven decisiormaking across sectors. As data becomes an increasingly
valuable asset, these platforms play a critical role in facilitating data sharing and advancing knowledge and innovation in
the digital age.
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RESULATIONS LEADING TO DATA SHARMIERNATIONAL EXAMPLES

The following table provides examples of private data sharing across different countries and sectors. Note that this list is
not exhaustive and provides indicative examples that have meountered. Note, in these cases the government is
involved and there is no charge involved in these cases.

Sector Country Data Shared Supporting Regulation
Energy European Data sharing electricity production, an Electricity Directive -
Union distribution within thecountry and across Directive 96/92/EC
borders to enable transparency an
competition
Energy USA U.S. Energy Information Administratic Federal Energy

collects and publishes comprehensive d¢ Administration Act of 1974
on energy production, consumption, an (Public Law 9275)

distribution
Automobile China Sellers of electric and hybrid vehicles | Cyberspace Administratiol
collect and report vehicular data point{ of China
including electremechanical and
navigation data during daily use elery
vehicle
Automobile Australia Automobile seller companies should sha Right to Equitable anc

complete service and repair informatio Profesional Auto Industry
about their cars with 30k+ independer Repair (REPAIR) Act
auto repair and servicing companies

Transport Singapore Availability of taxis across the city of al Singapore  Open  Dat
company License (SODL)

Availability of car parking places

Housing Singapore Registration information on the sale ar Singapore  Open  Dat
rental of properties in Singapore License (SODL)
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Sector

Healthcare

Healthcare

Environment

Country

Singapore

USA

Finland

Data Shared

Sharing healthcare data between priva
hospitals and clinics: discharge summa
test reports, medical operations, dru
allergies, medicines prescribed, cardi
reports, etc.

Healthcare insurance data sharing in t
USA between parties.

Private forest owners are obligated t
regularly share data with the governmel
related to general management, ke
features, how the forest is used, reportin
damage, etc.

Supporting Regulation

EMRX (Electronic Medici
Record Exchange)

Health Insurance Portabilit
and Accountability Ac
(HIPAA)

Forest Act

52



Institu

WA wWiw
Al \\\ W R ?\q)
AR\
* A0\ B '
LT TS L Y
o DN VR R RS S
VA0 RV

000\ \0\

' CHAIRMAN:

Sh Abhishek SingtDigital India CorporatidiNeGD

MEMBERS:

Sh Sumit Kumar, GVF

Sh Prakash Kumar, Wadhwani Institute of Technology Policy
Sh Sridhar Ganapathy, Artha Global

Sh Kunal Kumar, MoHUA

Sh Sanjay Kumar, DMEO

Smt Astha Kapoor, Aapti

Sh Anirudh Burman, Carnegie India

Smt Kavita Bhatia, Meit¥ Member Convener



INTRODUCTION

In the context of emerging technologies, data is a foundational building block. Availability of quality datasets as indicated
by the collection, management and pessing methods and practices, can highly influence the efficacy ofbdeied
innovation like artificial intelligence (Al) and improve public service delivery.
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delivery and catalyse dataased research and innovation, the Ministry of Electronics and Information Technology (MeitY)
released the Draft National Data Governance Policy (NDGP). The policy provides an institutional franreyewdrfiing

data collection, management, processing, storage, and access processes and systems throbigttiote Data
Management OfficeNDMO).

INSTITUTIONALISINGMO

The executive office of theDMO will be set up with an official gazette notification under Article 73 on the lines of the
executive Pension Fund Regulatory and Development Authority (PFRDA) and executive Securities and Exchange Board o
India (SEBI). Both these regulators were esthbld as executive agencies even before the PFRDA and SEBI Acts were
passed. The same legal power will be exercised here.

A draft office order, as detailed below, expands on the functions oND& O in alignment with the NDGP, along with
the processes iwvill follow to discharge these functions, and the powers of the MeitY to create standard terms, and
conditions of service foNDMO and Data Management Unit (DMU) officials, make financial allocations, etc. The office
order may include the belownentioneddetails:

Office of theNDMO:

From the date of notification of this order, tidDMO is hereby established as an executive government agency working
independently, but under the overall supervision of MeitY. Headed by a CEO to be appointed as per acpzatesdy

the Central Government.

CEO of the\DMO:
The general direction and management of the affairs and business N0 shall vest with theIDMO CEO.

Term of CEO:
5 years, which may be extended with the approval of the Central Government.

Procedure for appointment and removal of CEO
Functions and powers:

To set up appropriate data governance frameworks in alignment with the National Data Governance Policioetith a
on three central functiong; Data Integrity & Audit, Data Regulation and Data Management

91 Data Integrity & Audit:To conduct periodic audits of systems and processes related to the collection, storage,
and use of data within the Central government and ensure compliance against rules/standards/guidelines issued
by the NDMQ to prepare annual reports reviewildDMOand5 a ! Q&4 LISNF2NX I yO0Sa Ay @K
year.

1 Data Management:To create and manage the institutional Framework for ipemsonal data collection,
processing, and access; to prescribe guidelines and standards for data storage & retention management
practices; to create, operate and maintain the India Datasets Platform; to develop, in consultation with the
Central Government, metrics for measuring outputs and outcomes under the NDGP; to prepare whitepapers,
consultation papers, and reviews pertainingany of its functions.
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1 Data RegulationTo prescribe metalata and data standards and oversee their adoption; to prescribe standards
and processes for nepersonal data identification, classification, and access; to create standards and processes
for data security, privacy preservation, and anonymization standards; to develop a grievance redressal
mechanism related to the discharge of its functions; to provide dedicated data management capacity for
ministries/departments; to conduct training, courses, ksiops, and seminars on data management, standards,
and best practices relating to the collection, storage, and use ofgsreonal data for government officials.

Staffing:

1 TheNDMOwiIll be staffed by, among others: [CEO, Head of the Standards an&®&livision, Head of the HR
& Finance Division, Head of the Platforms and IT Division, Head of the Legal Division, Head of the Audit and
Compliance Division, consultants]

1 TheNDMOshall have the power to employ individuals or engage consultants to digelitarfunctions.

1 The terms and conditions of service of employees and consultants shall be framed MR IM®in consultation
with the Central Government.

Processes:

1 TheNDMOshall, from time to time, prepare a plan for discharging its functions irsaitetion with the Central
Government, including the priority of its objectives, and the approach towards establishing the DMUs.

1 TheNDMOshall follow a consultative process while framing or creating standards and guidelines with the public
and within goernment departments.

1 All standards and guidelines, the initial drafts for each, and the inputs received, where appropriate, shall be

published on the website of thiDMQ

Procurement and contractingThe NDMO shall follow the General Financial Rules bé tGovernment of India for
purchasing any goods or services required to discharge its functions.

The business whichNDMOmay not transact - Except in the pursuit of its objectives under this notification or any other
law for the time being in force, thiDMOmust notg

il

Purchase any capital, including any shares of any bank or any other person or grant loans against such capital or
shares; or

Advance money on the mortgage or otherwise against the collateral of immovable property or documents of title
relating to such immovable property or becoming the owner of immovable property.

The provisions of clauses a and b will not preventNizBMOfrom acquiring or holding property necessary for its
business or residential premises for its use.

Fund and sources of funding

il

)l

TheNDMOmMmust constitute a fund, to which the following amounts may be credged
i. all grants made to th&lDMOby the CentralGovernment.
ii. all fees received by thdDMQ and
iii. all sums received by thdDMOfrom any other sources.
The fund must be applieb meetthe following expenseg
i. the salaries, allowanceg&, other remuneration of member& employees of the&NDMQ

ii. expenses incued by theNDMOfor the discharge of its functions; and
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iii. expenses incurred by thdDMOin furthering the objectives of this notification.

1 The Central Government may make grantd\iDMOpursuant to the preparation of an annual budget by the
NDMQ and its cosideration by the Central Government.

Audit and accounts:

1 TheNDMOmust maintain accounts and other relevant records and prepare an annual statement of accounts in
such form as may be prescribed by the Central Government in consultation with the Controller and -Auditor
General of India.

1 The accounts of theIDMOmust be adited annually by the government auditor.

This report has been prepared to provide recommendations and inputs around the objectives and funchi@id©&nd
its governance structure. The report also details potential outcomes MaMO should target in & initial years of
operations. Finally, the report also details the structure of the DMUs to be set up undbiDMQ

STRUCTURE AND ROLENDMO

The NDMOshall be set up with the objective of streamlining data governance and enhancing the quality of data for
catalysing datdased innovation and research. TH¢éDMO will coordinate closely with government ministries,
departments, states, and other relevanegeholders (within and outside the government) to streamline data quality and
accelerate its use for largscale social transformation. Through its effoftf)MOwill not only enable informed poliey
making and efficient governance but will also allow a rgmeration of startups and researchers to bolster innovation
for highpriority use case®nter new markets and drive growth in the Indian economy.

NDMOGOVERNANCE & STRUCTURE

Data
Management

Data Management Units
(oMu)
» }
Headed by COO
2 Anadyans ¢ 1 Sceenist
Acrass 50 ministries/depts P Ministry level unit

Fig 1: Structure of thHationalData Management Office

NDMOa K2dzf R 6S aSié dz2LJ ra |y AYRSLISYRSyd FyR aSLINIGS Sydaa
of the National Data Governance Policy.

a. Chief Executive Officer (CEAQheNDMOmay be headed by a senior exdéize with over 25 years of experience
spread across technology, technology policy and industry, with demonstrated expertise in data management and
instituting data governance frameworks.

The proposed roles and responsibilities of the CEO are:

i. Provide stréegic direction in terms of framing and execution of the implementation strategy for the
NDMOwith a focus on three functiongData Integrity & Audit, Data Regulation and Data Management.
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ii. Oversee overall governance of th®OMOand ensure adherence to itgiplementation as stated in the
National Data Governance Policy.

iii. Oversee Quarterly Reviews of the performance and progress of various DMUs and provide strategic
direction.

iv.  Collaborate with external stakeholders to harmonise existing efforts being uridartaon data
governance and ensure implementation of the India Datasets Program and India Datasets Platform
(IDP).

v.  Oversee the overall budgeting and hiring for tiBMQ

b. Functional DivisionsThe CEO could be supported by heads of respective functionalodis to implement the
operations of theNDMOeffectively and build dedicated technical and functional capacity. The following divisions are
suggested for efficient management of the ecosystem:

i. Data Integrity & Audit:This division will be responsible for conducting periodic audits of systems and
processes related to the collection, storage, and use of data within the Central government and ensure
compliance against rules/standards/guidelines issued by MEBMQ This dvision will also be
responsible for preparing annual reports assessitiMOl Yy R 5a! Qa LISNF2NX I yOSa
financial year.

ii. Data Managemernt This division will be responsible for creating and managing the institutional
Framework for norpersonal dta collection, processing, and access along with developing, in
consultation with the central government, metrics for measuring outputs and outcomes under the
NDGP. It will also prescribe guidelines and standards for data storage & retention manageactnepr
within the central government, andrepare whitepapers, consultation papers, and reviews pertaining
to any of its functions. This division will also be responsible for creating, operating and maintaining the
India Datasets Platform.

iii. Data Regulatio: This division will prescribe metdata and data standards and oversee their adoption
for non-personal data identification, classification and access and for data security, privacy preservation,
and anonymization. It will also develop a grievance redrasgchanism related to the discharge of the
functions ofNDMOand DMU.

iv. HR & FinanceA dedicated team to be onboarded to ensure adherence to project budgets and
undertake hiring activities.

v. Legal:Address legal matters pertaining to ngersonal data governance. Additionally, it will provide
legal counsel to theNDMO CEO and other functi@al divisions including assisting them with the
legislative draftingf standards/policies/guidelines, MoUs etc.

c. Project Management Unit (PMU)The PMU should comprise of experts equipped to undertake due diligence on
technical and sectoral matters. Eaclvidional head will be supported by these experts from the PMU depending on
their functional and technical expertise. These experts should actively track the global developments in the data
sharing and management ecosystem, recent efforts by states to ®a&edata sharing for improving public service
delivery, and related trends to provide timely information for suitable action8IByVQ The experts will undertake
relevant functional responsibilities for their assigned division, including:

i. Create sectoagnostic frameworks and SoPs for data sharing along with necessary tools and guidelines
for Data Anonymization, Metadata & Quality Standards etc.

ii. Support the onboarding of stakeholders for the India Datasets Program
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Vi.

Oversedhe overall implementation of théndia Datasets Platform as envisioned under the NDGP.
Monitor and review the performance of DMUs and provide interventions for their capacity building.

Collaborate with and guide the ecosystem partners in converging ongoing initiatives on data
governance.

Undertake capacitpuilding initiatives for government officials and citizens for the promotion of data
governance.

FUNCTIONS GNDMO

The central functions oNDMO are dividedinto three pillars ¢ Data Integrity & Audit, Data Regulation and Data
Management

a) Data Integrity & Audit

The NDMOsshall ensure that adequate processes (including checklists and standards) are developed to
facilitate the conducting of independent, periodic data and system audits of each ministry/department by
the DMU in the assigned timeline and process. These asHali ensure ministries/departments comply

with the rules/standards/guidelines on data governance issued byNb& Ofrom time to time.

TheNDMOshall also come out with detailed guidelines on the corrective action to be taken in case-of non
compliance alng with the time frame for compliance. It shall also do a gmshpliance to determine that
the noncompliance habeen rectified.

For the new and upcoming systems, it should be mandatory to obtain a data compliance certificate from the
designated audiagency(s) before the launch tife W32A S Q 2F (KS aeaidSvyao 998
being done on a pilot basis shall be required to follow this.

Reaitime monitoring of uploaded and shared datasets and visualisation of metadata from
Ministries/Depatments is critical to track progress. A unified tracking dashboard will be built as part of the
India Datasets Platform to enable oversight and monitoring of the-dataing activities across all Ministries

to enhance transparency and accountability oe shared datasets.

b) Data Regulation

The NDMOshall create standards in accordance with principleprofacy by designpromote the use of

privacyenhancing technologies and systems, and adapt global best practices and standards as feasible to
India.

Datadissemination will be streamlined through standards that make data portals, dashboards, repositories,
etc. discoverableNDMOwill publish metadata and data standards that cut across sectors.

With a focus on machine readability and searchability, thedaéads will provide the salient features and
standards that every repository/portal should adhere to and allow departments/schemes/states/urban local

bodies to customise their approach to data dissemination. This federated approach will be key to the India

5FGFrasSda tflFGF2NY¥Qa FLIINRBFOK 2F o0SAy3a +y dzYoNBf I
in the country. TheNDMOWiill also create standards for the architecture and design of the India Datasets
Platform.

NDMOg A f f 0 dzA f R afafa amdSgjovernande sterlards to develop a standard vocabulary
F LILX AOFofS | ONRPaa aSOG2NE F2NJ 3S23aNFLIKAO ARSYGATA
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Service Standard and enable government stakeholders to design data systerhggti@uality data
collection, which will impact subsequent sharing/dissemination.

V. NDMOwiill define the conditions for access and use of data within and beyond the government ecosystem.
TheNDMOwill notify protocols that will determine access to npersonal datasets under restricted access
while ensuring privacy, accountability, security, and trust for accessing and using data.

vi.  TheNDMOwill decide the genuineness and validity of data usage requests. Requests for data on any of the
32 @S NY Y Sy a3 aill b ladiiressddiBaNdd on the final classification guidelines issued KPV@

vii.  TheNDMOshall create standardsndprinciples forthe ethical and fair use of data based on global standards
and best practices and would be developed throygthlic consultation.

viii.  With the new data governance regime, there will arise a need for a redressal mechanism. This would be
established in coordination with the Digital Personal Data Protection Bill (DPDP Bill) to address overlaps and
ensure a transparent ral accountable data ecosystenNDMO would also coordinate with other
agencies/data protection boards/bodies across statemntre, and ministries to ensure harmony across
various policies.

ix.  TheNDMOwill institute a mechanism for the requesting entitiesramuest datasets, register grievances and
establish the responsibility of DMUs under tiNDMOto respond in a timébound manner. This will
supersede existing mechanisms used in the government data portals to harmonise the process and provide
a reliable pocess to request data.

X.  TheNDMOshall take effective steps to build capacity across DMUs to ensure compliance with its standards
around anonymisation, data protection, privaby-design, and allied issues. This shall require different kinds
of training fa different levels of officials within thlDMOand the Government

c) Data Management

i. NDMOwill prescribe a comprehensive and evolving set of guidelines and frameworks that will act as the
common minimum secteagnostic frameworks for data storage and retention across sectorsNCHdO
shall require DMUs to file periodic reports with updatestbe datasets stored and maintained by them, in
a manner and timeline established by ti®OMQ

ii. TheNDMOWwiill create guidelines for securing data storage and retention against potential malicious attacks,
including data breaches, distortion of datasets, @ecanonymization with support from the Data Protection
Board of India (DPBI) and Indian Computer Emergency Response TearnJCBREr public authorities
(such as the National Health Authority) will be required to useNEBMAR & & (| Y R NR#tionl y R
policies to build upon sectespecific guidelines and harmonise data storage and retention frameworks
across Ministries/Departments.

iii. To ensure better governmenib-government coordination, theNDMO shall issue guidelines to
Ministries/Departments fo the creation of searchable data inventories and data dictionaries with clear
meta-data standards on the India Datasets Platform. All datasets in the India Datasets Program will only be
accessed through the IDP and any otiNidPMOdesignated and authoriseglatforms. NDMGauthorised
platforms will integrate with the IDP to promote data discoverability.

iv. A separate and secure module within the IDP will be developed to enable seamless data sharing between
Ministries/Departments. This will alloMinistries/Departments visibility into the data inventories wittiire
government and streamline data access for governance and public service delivery. Such a module will allow
government users to explore a catalogue of available data, select the desilbsdt, make an access request,
and receive data through an online workflow. Each request shall have its audit trail.
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v. The DMUs may require the Chief Data Officer to coordinate with other Ministries/Departments and the
NDMOin addition to their Ministries/Bpartments to secure alignment.

vi.  TheNDMOshall create rules for accegsdatasets from different Ministries/Departments. These rules shall,
inter alia, identify datasets, different user groups with whom data may be shared, the extent of sharing
access taestricted datasets for specific user groups, and bulk sharing norms. Classification criteria become
integral for the proper and ethical usage of the data.

vii.  The data classification rules create standards that will work in concert with the processes esthidilout
in the DPDP Bill and the NDGP.

REGULATING AND STANDARDISING THE DATA GOVERNANCE QUALITY INDEX

The Development Monitoring and Evaluation Office (DMEO) is the monitoring and evaluation division of NITI Aayog and
should continue to monitor andvaluate different initiatives. DMEO initiated the exercis¢haf Data Governance Quality

Index (DGQI) by seeking information from Ministries/Departments on various schemes/initiatives. DMEO may share the
learnings of their DGQI initiative withDMOas itshall help in building up its processes. Moreover, with the formation of
NDMQ there is a government body which shall be responsible for policies, guidelines, rules and standards related to data
management in the whole of the government ecosystem. Heneoimggforward all initiatives undertaken by the DMEO
should align with theNDMOdirectives. Once the guidelines and procedures related to data management have been
released byNDMQ the DMEO may realighe DGQI questionnaire and exercise as per the stasldefined byNDMO

and submit its findings tdiDMOto inform corrective actions.

SETTING UP OF DATA MANAGEMENT UNITS IN MINISTRIES/ DEPARTMENTS

VROLE AND FUNCTIONS OF THE DATA MANAGEMENT UNITS

The National Data Sharing and Accessibility Policy (NDSAPhgtivercurrent data governance ecosystem and access
practices across governmentinistries departments. The NDSAP implementation guidelines mandate the setting up of
NDSAP cells (data offices) under each line ministry/department/agency. While the gusdaiiefty detail out roles and
responsibilities of chief data officers (CDOs) and Data Contributors (DCs) within NDSAP cells, they do not provide a detailed
structure for NDSAP cells.

In the absence of defined guidelines on the structure of the NDSABndeéts composition, NDSAP cells are not consistent
across line ministries/departments/agencies. While some ministries havestretitured NDSAP cells with CDOs,
designated data contributors for different programs/applications/projects, analytics offigelatform managers, etc
other cells have few designated officers within the Data office. This inconsistency also translates into the
performance/contribution of line ministries towards the data objectives of the country. For instance, capacity linsitation
of CDOs and data contributors have often resulted in the slow pace of tasks focused on open government data (OGD).

To streamline the accessibility and availability of quality data, as indicated by its completeness, accuracy and reliability,
an institutional mechanism of DMU within each Ministry/Department is proposed under the NDGP. The DMU wiill
operationalise efforts towards transforming the data management practices of the Ministries/ Departments to improve
the quality and use of public sector data aratalyse the datdbased research and innovation ecosystem.

The key role of the DMU would be to break silos within the Ministry/Department to ensure the creation of synchronised
compliance with relevant data policies/guidelines/rules as set forth byNB&Q streamlining data collection practices
and improving the quality of data.
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STRUCTURE OF DATA MANAGEMENT UNITS

Studying the existing institutional structures for data management and recognising their limitations, and their advantages,
MeitY has proposed the following structure for DMUs. The best practices adopted to set up Data Strategy Units and
structure data offces within the Ministry of Housing and Urbaffairs have been given due consideration to specify the
roles and structure of DM&J

It is proposed that theNDMOcreate a CDO council which can have rotating conveners and members from DMUs of
different Ministries which can help ithe exchange of best practices and effective coordination between the Ministries.
In principle, each DMU should reflect the following structure specified in Figure 2.

Setting up of Data Management Units - Structure
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Fig 2: Structure of the Data Management Unit
The functional equirements of each DMbavebeen detailed below:

a. Chief Data Officer (CDOJThe DMUs may be headed by an Additional Secretary/Joint Secretary level officer as the
designated CDO, who shall work closely withtHi2MOto ensuie the implementation of this policy.

b. Data Monitoring, Technology, Statistics and Data Analytics urilise existing structure of Data Strategy Units may
be realigned to enable the effective implementation of the NDGP through the belentioned verticals:

1 Data Monitoring Unit The unit will lead a synergistic approach to enatiie monitoring and
management of dataelated initiatives and activities.

9 Statistics Unit To support the overall statistical needs of the Ministry/Department as well as to enable
leveraging data for decisieamaking around policy and program design, evaluation, etc.

1 Technology Unit For ensuring 100% digitization and integrating siloed Management Information
Systems/dashboards/data systems of the Ministry/Department.

1 Data AnalyticsUnit: For undertaking and promoting data analysis on collected data into meaningful
insights which may aid decision makifige Unit would foster a culture of evidenbased policymaking
within the Ministry/Department.
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All the DMUs should have an idergifi NIC nodal officer attached to it iheir respective Ministry/Department as most
of the applications in Ministries / Departments are under the purview of NIC. This shall also facilitate efficient operations
and quick redressal of concerns.

c. Data Scientisand Data AnalystTo augment dedicated data capacity within line Ministries/ Departments and deliver
against outcomes of effective and accelerated dasgsed innovation with public data, two data analysts and one
data scientist will be placed as dataléels in Ministries/Departments.

As the DMUs build the internal infrastructure and practicegtieruse and access of data, Data Fellows may be leveraged

to focus on potential/novel use cases and pradfconcept studies that are within the scope of thédW A & G NB k 5 S LI NIi
data. They may also be able to work across multiple teams/ministries to spot opportunities for merging data and
improvements to the existing data infrastructure, quality and processes.

However, depending on requirements aresource availability, the size of each DMU could vary in terms of positions and
personnel. Many of the functions detailed below could be performed by one person, especially in DMUs situated within
non-data-intensive ministries department. Additionally, sme Ministries/Departments have statistical and economic
advisors to facilitate the use of data for policy formulation, these officers may be included in the proposed DMU structure.
The minimum standard for the DMU must include 1 CDO, 2 Data Analysta BEianhtist and 1 IT support person.

TANGIBLE QUANTIFIABLE YEARLY OUTPUTS /TARGETS

Fixed timelines fothe creation and periodic review of standards, rules and guidelines that are common or broadly
applicable for all ministries, includitogit not limitedto data storage, data inventories and principles for ethical and fair
use, as envisaged in the NDGP are key targets for the initial rollout.

Based on insights from past studies, specific medierm targets and transparency are key to ensuring Ministries/
Departments are able to realise value from participating in the process and have the necessary support to succeed.

To achieve the objectivess envisaged under the policy, the kaytputs and milestones for thélDMOhave been given
below. This may, however, be reviewed or modified from time to time based on the maturity of the data ecosystem:

ShortTerm Shortmedium term Medium-Term LongTerm
(2months) (1-6 monthg (3-18 months) (18+months)
- Establishment of the = - Publish metadata standards & data quality -Issue Data Aress  -Publish
NationalData standards (Phase 1) & Licensing standards &
Management Office Agreements principles for
- Issue Data Identification & Classification Fair & Ethical
- Hiring of personnel to. Framework -Publish Data Use of Data
staff DMUs Anonymisation
- Issue Guidelines for disclosure norms Guidelines
- Setting up of DMUSs in
Ministries/ - Launch of India Datasets Platform - Publish standards
Departments ) Meta-Data & Data
- Launch of India DataseProgram Quality Standards
- Preparation of Data
Stratggy by DMU for  ~ Draft guidelines fothe creation of searchable (Phase 2)
the Ministry/ data inventories at théVlinistries/ Departments
Department level.

- Finalise schedule for curated datasets to be
contributed to India Datasets Programme and
uploaded to India Datasets Platform.
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BACKGROUND & INTRODUCTION:

The proposed scheme seeks to enhance the outcome of the MeitY scheme by providing the maximum support to the
growing Al startup ecosystem. The startup ecosystem is comprised of various stakeholders that play a vital role in fostering
the growth and achiewnig the success. The Al Startup ecosystem comprise of industry, government institutions, academia,
international partners/ecosystems, investors, etc., it is critically important to involve all of them proactively to support
the overall ecosystem developmenwith the vision to build the next 100 Al Unicorns in the country, India Al is envisaged

as an umbrella program to catalyze the Al innovation ecosystem in the Country. For realizing the vision of "Make Al in
India and Make Al work for India", funding meciisms for Al innovation need to be explored.

1.

Artificial Intelligence is a constellation of technologies that enable machines to act with higher levels of
intelligence and emulate the human capabilities of sense, comprehend and act. Thus, computer vision and audio
processing can actively perceive therld around them by acquiring and processing images, sound and speech.
The natural language processing and inference engines can enable Al systems to analyze and understand the
information collected. Moreover, Al has evolved in ways that far exceedigsal conception. With incredible
advances made in data collection, processing and computation power, intelligent systems can now be deployed
to take over a variety of tasks, enable connectivity and enhance productivity.

The artificial intelligence (Alestor is growing rapidly, with global spending on Al solutions expected to reach
$407 billion by 2027. This growth is being driven by a number of factors, including the increasing availability of
data, the development of more powerful computing platfornend the growing demand for Alowered
solutions across a wide range of industries.

Al has the potential to transform various industries by providing tailored solutions to specific challenges.
Industries such as healthcare, finance, retail, manufacturiagsportation, and agriculture can benefit from-Al
powered applications and systems designed to address their unique needs. Developing isgestfic Al
solutions can lead to improved efficiency, cost savings, enhanced deaisikimg, and better custoer
experiences. Al can also be used for optimizing the production processes, praitenanceneeds, and
improve quality control.

Startups are leveraging artificial intelligence and machine learning technologies to deyrelapd-breaking
solutions acoss various industries. In addition, the Al startups also led to automation, personalizing the learning
experiences, developed adaptive learning systemd all these created new opportunities across a variety of
industries.

Al as a platform spans hardvegrsoftware, and omlemand services. All three categories have very different
players, although there is some overlap between hardware and software playeasa/Bervice is provided by

the top cloud, it allows companies to make Al a part of their exgstipplications to make more accurate
predictions, automate the decisiemaking processes, and get optimized solutions.

In recent years, there have been significant advances in machine learning, deep learning, and natural language
processing. These techmgjies are making it possible to develop Al algorithms that can perform tasks that were
previously impossible. The key opportunities for Al starfiga® addressing industrgpecific challenges through
intelligent automation, predictive analytics, and datriven decisioamaking. Ajpowered solutions have the
potential to streamline operations, optimize processes, and enhance productivity across various sectors, such as
healthcare, finance, manufacturing, retail, and more.

Al can also be used for optimigithe production processes, predict maintenance needs, and improve quality
control. Apart from this Al, also led to automation, personalizing the learning experiences, developed adaptive
learning systemandall these created new opportunities across aiggr of industries

India has the transformative potential of artificial intelligence and the importance of nurturing a robust Al
ecosystem to drive innovation, economic growth, and societal development. Initiatives like the National Al
Strategy, Startupnidia, and Digital India have been launched to foster Al innovation, provide funding and
resources to startups, and promote collaborations between industry, academia, and government institutions.
Government of India has taken a number of initiatives to potenthe development and use of artificial
intelligence (Al). These initiatives include:
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i.  The National Artificial Intelligence (Al) Strategy, was launched in 2020. The strategy aims to make India
a global leader in Al by 2030.

ii.  The National Al Mission, wasufeched in 2021. The mission aims to promote the development-of Al
based solutions for a wide range of sectors, including healthcare, agriculture, and education.

iii.  The National Al Platform, which was launched in 2022. The platform provides a comfnagtructure
for Al researchers and developers to share data, tools, and resources.

iv.  The National Al Fellowship, which was launched in 2022. The fellowship provides funding foaesaty
Al researchers to pursue research in India.

v.  The National Al EtrecGuidelines, which were released in 2022. The guidelines provide a framework for
the responsible development and use of Al in India.

Key Stakeholder in Al Startup Ecosystem Development

Knowledge/
Expertise
Industry

Compute

DATA

Data is the fuel that powers artificial intelligence (Al). Without data, Al systems would not be able to learn or make
predictions. The quality and quantity of data that is available to Al systems is essential for its success. Al systems can be
designed tdearn continuously from new data over time enabling them to adapt and improve their performance as they
come across new samples and patterns. Further, Data is ctadiain the Al models that powers autonomous vehicles,
collecting the data from sensar§he datadriven Al techniques had already been making significant contributions in the

field of healthcare, fraud detection, speech recognition, and customer services etc.

Startups need diverse and representative data sets to evaluate the performamloestness, and reliability of their
algorithms. By using comprehensive data sets, they can identify and address potential limitations, biases, or errors in their
models, ensuring they deliver accurate and trustworthy results. The-dugtity data sets aref paramount importance

for Al startups. They serve as the foundation for training, validating, and improving Al models. Access to diverse, high
quality, and representative data sets enables startups to develop accurate, reliable, and innovative éhsthati meet

the requirements of their target markets.

COMPUTE/INFRA

Compute is one of the most important infrastructure components for Al startups. These startups have specific compute
and infrastructure requirements to support their operations and depehent of Al solutions. As operation of Al models
can also be computationally intensive, and volume of compute resources that are needed for the Al models will depend
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on the size and complexity of the model, as well as the number of users that are agctssimodel. In addition to

training and running Al models, startups may also need compute resources for other tasks, such as data processing,
visualization, and debugging. Further, recently the use of clmgbd services offer flexibility in cost managarhby

allowing startups to pay for resources-demand or based on usage. Additionally, startups can also explore options like
serverless computing or resource optimization technigues to minimize costs without compromising performance.

The specific competand infrastructure requirements may vary depending on the Al startup's focus, scale, and industry.
Evaluating the needs of Al algorithms, data processing requirements, scalability, security, and cost considerations are
essential for Al startups to buillrobust and efficient infrastructure.

KNOWLEDGE/EXPERTISE

Al startups often deal with large volumes of data, requiring expertise in data engineering. Expertise in the specific domain
or industry that the Al startup is targeting is highly valuable. Itital Yo understand the nuances, challenges, and
requirements of the domain helps in developing Al solutions that are relevant, impactful, and aligned with customer
needs.Further, Al startups are also collaborating with premier institutions, incubatiotecgiffior accessing the statef-

the-art research facilities and pool of talented faculty and students who are experts in Al. This can help Al startups to
develop and deploy their products and services more quickly and efficiently.

[FUNDING

The funding of Al startups consists of investment from venture capitalists, angel investors, or through other funding
channels to procure financial resources necessary for the startup's operations, research, and development activities. Al
startups can pith their ideas, demonstrate their technology and market potential to secure funding from VC firms
specializing in technology, Al, or deep tech. VC funding provides financial resources along with guidance and industry
connections. Additionally, angel investo can offer financial support, mentorship, expertise, and networking
opportunities.

The large corporations particularly those with a strong interest in Al, create a dedicated accelerator programs or venture
arms for provide funding and support to Al stgrs. These programs offer access to resources, mentoring, and potential
collaborations with established industry players. Funding is essential to fuel their research and development efforts,
acquire and manage data, access infrastructure and computirguress, attract and retain talent, drive marketing and
business development, protect intellectual property, and scale their operations. Adequate funding provides startups with
the necessary resources to innovate, compete in the market, and bring thedfutibss to the execution.

[INDUSTRY

Al startups are emerging in various other industries, including education, entertainment, insurance, real estate, legal
services, and more. Al startups in agriculture are leveraging Al to enhance crop yield predioaadnlogistics, route
optimization, predictive maintenance, quality control, robotics, and supply chain optimization etc. In manufacturing Al
improving efficiency in manufacturing and supply chain operations through predictive maintenance, quality control,
demand forecasting. In Healthcare Al has revolutionized by aiding in medical diagnosis, drug discovery, personalized
medicine, telemedicine, and health monitoring. The potential applications of Al are vast, and startups are continuously
exploring new way#o leverage Al technology to solve complex problems and drive innovation in different sectors.

[PROCUREMENT

The procurement for the Al startups refers to the process of acquiring the necessary resources, technologies, and services
to support the developmenand operations of the startup. Additionally, startups may need to procure data management
and analysis tools, data labeling platforms, visualization tools, and project management software. Al startups may also
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need to procure external services or expsetito augment their capabilities. This could involve engaging consultants, data
scientists, or subject matter experts on a project basis.

COES FOR Al STARTUPS ECOSYSTEM DEVELOPMENT

Centres of Excellence (CoEs) to achieve the vision of becoming the global hub for Al research and innovation, it is vital to
L2airAdAz2y LYRAIQ&a /29a la 3Jt206lt /29& FtyR (2 AYyONBlIasS O
being set p to bring together experts from academia, industry, and research entities to work on foundational Al research,
cutting-edge Al applications and scalable solutions. These CoEs will focus strongly on societal application sectors starting
with healthcare, agculture, and manufacturing. They will work towards creating frontier research as well as developing
and scaling innovative solutions to address critical challenges in the sectors as well as help commercialize and
contextualize existing solutions.

Further, AFCoEs will also enable knowledge creation, exchange and capacity building to a new generation of researchers,
innovators, and entrepreneurs. They will also promote collaboration among Indian and global academia, industry, and
research entities. In adiion to acting as a knowledge hub, it will also provide incubation facilities to enableugiarto
RSOSt 2L GKSANI ARSI ad / 29Q4a gchanding glaball yaAdSckpe Yy furtfeRn resequttha A G
and fostering innovative applitians while addressing ethical concerns and ensuring that the technology is used for the
betterment of society.

Some of the key objectives of the-BbE as follows.

Develop and scale innovative caxffective and efficient solutions to address criticalatienges in nationally
critical sectors, including healthcare, agriculture, and manufacturing.

Facilitate global knowledge exchange and capacity building through research collaborations.

Provide training and development opportunities to the next genematiof researchers, innovators,
entrepreneurs, and promote collaboration between academia, industry, and research entities.

Aid and facilitate the commercialization of research and development outputs and create new revenue streams
by working with industry artners to bring new products and services to the market.

Strengthen existing incubation facilities for the Al staps to develop their ideas, nurture talent and provide
resources such as mentorship, technical assistance, funding, and access to networks.

Enhance the domestic Al innovation ecosystem by granting access to-elas&lAl infrastructure and experts
through different schemes.

Increase the penetration of Al solutions both domestically and internationally to expand the range and depth of
Alapplications and create new markets.

Strengthen partnerships with global Al centres, as well as industry-gtagcosystems, MSMEs, and other
stakeholders.

OUTCOMES AND DELIVERABLES

VSCHEME OBJECTIVES

1 Scheme will empower Al startups to make Al enabledipots / solutions for India and the world.
1 Itis aimed at developing & utilizing the available R&system angromoting innovation in Al and related
emerging technology space
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1 Establishing funding mechanism for the comprehensive Al Startups progranteegdging transformative
technologies to foster inclusiomnovation,and economic growth.

1 Enabling the access to the stadéart infrastructure for Al through CoEs and developing the new infrastructure
for various for use of emergirtgchnologies/Deep Tech. Startups.

1 Scheme shall also initiate a collaboration with central government organizations, states, industry, academia and
international organizations for development and deployment of emerging technologldtng,and capacity
building activities.

1 The scheme will enable the funding mechanism to support Investment in the -dfagyg startups,
commercializationand growth of Al startups

1 The scheme shall also strengthen community building initiatives including workshops, capddityg activities,
conferences etc. to strengthen the ecosystem and recognition & promotion of Al Startups

9 There is a great opportunity for IndiaAl scheme to cater to both the external as well as internal stakeholders of
the ecosystem through extensiveormance monitoring, quality indicators, measurement, and reporting.

SALIENT FEATURES

The salient features of the scheme are as follows:
i) Coordination and compliance
Measuring, monitoring, and reporting compliance and performance of Mestéts, Programs, & Schemes.
i) Challenges Execution
Sourcing, executing, monitoring, and reporting on challenges and supporting Al startups, etc.
iii) Corporate and Institutional Partnerships

Building linkages with global Al startup ecosystems and aggregating the resources from global and local
industries, institutions, and agencies for the benefit of Al startups

iv) Capacity Building and Performance Optimization

Optimizing and enhancing the perfoance of MeitY Assets, Programs, & Schemes via cajatiting
programs

v) Capacity Building and Performance Optimization
Structured pitching programs to attract risk capital into Mestypported Al startups.
vi) Buildingasea dza G Ay Ay 3 & O2 YAvidiyySiaiée 2F O2YYdzy

Creating awareness and engagement of a larger number of Al startups via effective and pervasive media
and marketing programs.

SCHEME OUTPUTS/DELIVERABLE

MeitY Startup Hub (MSH) has envisaged an Future Design Isdiskhe with a budget of 945 Crores from and matching
funding of Rs 3000 Cr. for 5 years to discover, support, grow and accelerate successful Al startups with emphasis on
collaborative engagement among Al startups, government, and corporates for pronastéhgcaling up new technology

and innovation.

Scheme envisages scaling up and sustaining the tech ecosystem especially to discover, support, grow and make successfu
Al startups and unicorns. The program envisages impacting and consolidating 725 tectpstaver the course of the

next 5 years to pave the road for an inclusive Al startup ecosystem, one that evenly represents the aspirations of our
ambitious entrepreneurs for inclusive techisociceconomic development of the country.
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MeitY, through IndiAl startup support scheme aims to support to approx. 725 Al startups via incubators, accelerators,
matching funding, and fund of fund basis. These initiatives are expected to strengthen the innovation, entrepreneurship,

and economic growth in the fieldd emerging & niche technology areas.

Following table describes the funding mechanism for the Al Startups

Table 1: Funding Mechanisiuture Design India Al Startup Scheme

Future Design IndiaAl Startup Scheme

Years)

Product Commercialization Total 5
Investment Stage Growth
Development | (Grand Challenges) Years
. . Via Digital
Investment Via MeitY Al
il 'a viet Via MeitY Al COEs Innovation | -
Mechanism COEs
Fund
Investment
Categor
gory Investment Round | Preseed Seed PostSeed -
Funding Type Grant Investment Investment -
Matching Funding | - - 400% -
Max Investment
Amount/Startup 0.30 - 5.00 -
(Rs. Cr)
Max Investment
Amount/Challenge| 0 3.00 -
(Rs. Cr)
Funding
Amount &
Allocation % | Max Number of
Grand - 3 - -
Challenges/Year
Total Startups
P 100 15 30 135
Supported/year
Total Startups
Supported (5 500 75 150 725
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Future Design IndiaAl Startup Scheme
R G e Product Commercialization Growth Total 5
g Development | (Grand Challenges) Years
Total MeitY
Funding/Year (Rs.| 30.00 9.00 150.00 209.00
Cr)
Total MeitY
Funding 5 Years 150.00 45.00 750.00 1,045.00
(Rs. Cr)
Matching
Contribution 5 - - 3,000.00 3,000.00
Years (Rs. Cr)
Total Scheme
.Corpu.s > Years. 150.00 45.00 3,750.00 3,945.00
including Matching
Contribution
UNLEASHING THE FUNDING POTENTIAL FOR Al STARTUPS
The IndiaAl OKSYS Fdzy RAy3I A& RS&aA3IYySR G2 dzyt 201 GKS SyRdl?dza

innovation, by providing necessary support at different stages in a startup lifecycle like product development, business

development and growth sige, to support them in translating ideas to reality. Financing Al Innovation shall unlock Indian
adl NldzLd SO2aeaidsSvyQa
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Product Development Stagedn Al Ignition Grant Program is proposed to sup®@® Al/deeptech startups at product
development stage with grant of Rs 30 Lakhs each. It would support innovators and budding entrepreneurs in transiting
from the ideation to minimum viable product stage. The grant amount shall be based on a costupreakdemonstrated
by the applicant. Such grants will be channelized through the existing Incubation Support of MeitY located ati€ier
2 and Ties3 cities for an inclusive and sustainable growth across India.

Commercialization StageAt the commerdalization stage 3 grand challenges of 3 Cr. each across various sectors

(Agriculture, Health, Cybersecurity, Weather Forecasting, etc.) will conducted. In 5 years of span 15 challenges with a total

budget of Rs 45 Cr.

Growth Stagelin the growth stage th&und of Funds is proposed to support around 150 startups over a tenure of 5 years,

through daughter funds. The Government of India will be the anchor investor and provide total budgetary support of Rs.
750 Crores over a period of 5 years. The investmentyn- 3 SNJ 2 F
Crores or more. MeitY contribution per startup will be max of Rs 5 crore.

0KS Fdzy Rk Fdzy Rak =/ Qa
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ABOUT INDIAAI FUTURE DESIGN FUNDING MECHANISM
A total Budget outlay of Rs 945 Cr. for 5 years from MeitY and Mat€untribution of 3000 Cr. in 5 years

Each startup will receive maximum of 30 Lakhs grant as-aqed i.e product development funding from MeitY
(Via Al CoEs). In the product development stage total of 500 Al startups will be supported with the tatad fund
of Rs. 150 Cr. in 5 years. For the eathge startups funding will be done without any matching fund requirement

The growth stage for Al startups under the fund of fund, each startup will receive investment of Rs 5 Cr. with a
matching funding of 1:4The 150 Al startups will receive maximum funding of Rs 750 Cr from MeitY(Via Digital
Innovation Fund) and matching funding of Rs 3000 Cr (Via Fund Manager/VC)

The total MeitY contribution under product development, and growth stage will be of Rs 945p@orsng 650
startups in 5 years period.

The scheme is expected to generate significant product development, & IP creation will genéraimes
returns in period of 5 years.

For product development and commercialization, stage MeitY/MSH investment gtaencomprising of
investment experts and domain experts.

The commercialization of Al startups will be through a grand challenge programmes.

The budget of 3 Cr. per challenge Conducting 3 Challenges per Year across key sectors. A total 15 grand challenge
in 5 Year period with total budgetf 45 Cr is proposed.

KEY POTENTIAL Al GROWTH SECTORS

Al is a rapidly growing field with the potential ttansform many industries. The scheme may initially focus on the
following 3 priority sectors governance DP), Healthcare and Agriculture. The challenge statement and call for
applications shall be designed and implemented for three segovernance DP), Healthcare and Agriculture initially.

In addition, MSH will design and implement the challenges and call for applications for these 3 sectors in consultation with
line Ministries alongvith CDAC for execution of Future Design India AéiSeh The scheme will preferably support the

Al startups in field of governance, healthcare, and agriculture via incubators, accelerators, matching funding, and fund of
fund basis. Scheme is aimed to address the key challenges across sectors and furtieg eéha new technology
practices, sustainable implementation, and efficient governance. Some of the recent use of Al in Healthcare, Agriculture
and Governance are described as below:

[HEALTHCARE

Al is revolutionizing healthcare delivery, ranging fromggiostics and personalized medicine to patient monitoring and
data analytics. Startups focusing ondéiven medical imaging, telemedicine, disease prediction, and drug discovery have
great potential in the Indian healthcare sector.

1 Predictive analytics fo Public Health:Al tools can be used to inform public health policy. Predictive analytics
algorithms can detect patterns and risk factors that help identify individuals at high risk of developing certain
conditions and intervene early with targeted pred&m strategies, improving outcomes and reducing overall
healthcare costs.

1 Faster and better DiagnosiAl algorithms can analyse and detect patterns and connections that may not be
apparent. This process can amplify the efforts of experts such as radislegd pathologists to perform better
diagnosis.
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1 Predictive AnalysisAl can analyse a patient's complete medical history intiea and link it with symptoms
and chronic illnesses that run in the family. The outcome can be transformed into a pre@igtlytics tool that
can identify and treat a disease before it becomes fatal.
1 Al-powered drug discoveryAl can be used to accelerate the drug discovery process by identifying potential new
drug candidates and predicting their efficacy and saféhjs can significantly reduce the time and cost involved
in bringing new drugs to market.

AGRICULTURE

Al solutions can enhance agricultural productivity, optimize resource utilization, and enable precision farming. Agriculture
is impacted by a variety od€tors from weather patterns and precipitation to irrigation models and guatierns. This is

where Al can be used to learn, interpret and analyse different data points to make accurate predictions that can maximise
productivity.

1 Precision FarmingAl algrithms can analyse data from various sources, such as sensors, weather stations, and
drones, to provide farmers with redilme insights into crop health, soil moisture, and nutrient levels. This
information can enable farmers to optimise resource utilisat such as water, fertiliser, and pesticides, resulting
in increased yields, reduced costs, and improved food security.

1 Crop Monitoring: Al can be used to monitor crops throughout the growing season, allowing farmers to detect
and respond quickly to chages in conditions. For example, satellite imagery analysis can help identify crop
health, predict yields, and estimate water requirements, enabling farmers to make informed decisions about
planting, fertilising, irrigating, and harvesting crops

1 Supply Chai Management:Artificial intelligence technologies have the potential to dramatically improve the
management of input supplies, such as seeds and fertiliser, as well as optimise the processing of output produce.
Al algorithms can examine historical dataanket trends, and other pertinent elements to predict the demand
for agricultural products with accuracy. Farmers and consumers can track the origin, methods of production, and
quality of agricultural products utilising technology like blockchain, senangs]oT devices.

GOVERNANCBR)

The involvement of Al startups enabled robust & efficient digital infrastructure development. Moreover, Al startups played
a significant role in integrating Al capabilities into DBlecosystem, enhancing its effectiveness and impake use Al
startupsin governance has been gaining traction in recent years owing to the potential benefits associated to decision
making processes, optimizing public services, and deploying new & innovative solutions.

Al INVESTMENT TRENDS

In recent years, Al hasnerged as a highly attractive investment opportunity, garnering substantial financial support from
venture capital firms, corporate investors, and governments. Huge investments have been engrossed towards Al startups
and research initiatives. This surgdrnvestment is motivated by the recognition of Al's potential to disrupt industries and
revolutionize business processes. Following the are key trends witnessing the growth of Al

Increased Focus towards Al Startupgshe investment landscape has witnedsesurge in Aflocused startups. Companies

are developing innovative Al technologies, applications, and platforms across various sectors, including healthcare,
finance, retail, transportation, and more. Investors are actively seeking out promising tpstés fund their growth and
development.

Increase in Investment for Al in Healthcar€he healthcare industry has seen a substantial increase in Al investments. Al
has the potential to revolutionize healthcare delivery, diagnostics, drug discoverynpat@itoring, and personalized
medicine. Investors are recognizing the transformative power of Al in improving patient outcomes, reducing costs, and
enhancing efficiency.
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Significant Rise of Al in Financinfhe financial sector has also witnessed sigaift Al investments. Financial institutions

are leveraging Al to automate processes, enhance fraud detection, optimize trading strategies, and improve customer
experience. Apowered chatbots and virtual assistants are being used to provide personalimatcitll advice and
support.

Use of Al in Research & Developmeresides startups, significant investments are being made in Al research and
development. Technology giants are investing heavily in Al research labs and initiatives. These investmenpsistim to
the boundaries of Al capabilities, develop new algorithms, and drive innovation across various domains.

Industry-specific Al solutionsThere is a growing trend of investors looking for Al solutions tailored to specific industries.
Rather than generiél platforms, companies that provide indusgpecific Al applications are attracting attention. These
solutions address the unique challenges and requirements of sectors like healthcare, finance, manufacturing, retail, and
agriculture

Personalized custmer experience:Delivering personalized customer experiences has become a top priority for many
businesses. Al enables companies to analyze vast amounts of customer data and provide tailored recommendations,
product suggestions, and targeted marketing caigms. Investors are interested in Al startups that specialize in customer
analytics, recommendation engines, and personalized marketing platforms

Al in Edge Computindggdge computing consists of processing data closer to the source rather than relydegtoalized

cloud infrastructure, has gained prominence. Al algorithms are being deployed at the edge to enalimeecddta
analysis, reduce latency, and enhance privacy. Investors are looking for Al startups that combine edge computing and Al
to creak efficient and intelligent edge devices and applications

SCHEME BENEFICIARIES

Beneficiaries include all the stakeholders engaged in the creation, promotion, and acceleration of the startup ecosystem
in India. Some of the key stakeholders which shall be benefited from the scheme are as follows:

Students, Faculty, and academic ingiibns

Budding entrepreneurs

Al Startup companies and their employees

Incubators, COEs, and accelerators

Mentors and investors

Micro Small & Medium Enterprises (MSMES) seeking innovative solutions from Al startups
1 Corporates engaged in innovatidrased growth

= =4 -4 —a -8 -

ELIGIBILITY FOR THESAARTUPS

Financial incentives and design infrastructure support will be extended to domestiaystart
Startups shall be defined as per the DPIIT notification dated 19th February 2019 or extant norms.

Startups should be primarily working on Al technologies across any areas of Vision, Lahexiggerge datasets
and building products that solves ade problem using Al.

The approved applicants that claim incentives under the scheme shall retain their domestic status (i.e. more than
50% of the capital in it is beneficially owned by resident Indian citizens and/or Indian companies, which are
ultimately owned and controlled by resident Indian citizens) for a period of three years after claiming incentives
under the scheme
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GOVERNANCE MECHANISM

The scheme will be implemented through MeitY Startup Hub (MSH). MSH will receive the applications under the scheme
and carry out financial and technical appraisal of such applications. It will implement the scheme, submit periodic reports
to Ministry of Ebctronics and Information Technology regarding the progress and performance of the scheme and carry
out other responsibilities as assigned by Ministry of Electronics and Information Technology from time to time. The
functions and responsibilities of MSHdar this scheme will be elaborated in the Scheme Guidelines to be issued by
Ministry of Electronics and Information Technology separately. For carrying out activities related to implementation of
the Scheme, MSH will intedia:

Receive the applicationsssue acknowledgements, verify eligibility of the applicants for support under the
Scheme and issue approvals under the Scheme.

Empanel agency / agencies or consultants as deemed necessary to carry out the technical and financial appraisal
of the applicatons as well as evaluate expertise of the applicants in the field of Al startups.

Establishing Al COEs under the scheme either by itself or through other incubator(s) to provide such services to
the startups

Examining claims eligible for disbursementis€#l support/grant under the scheme and disburse those as per
eligibility.

Operational oversight will be provided by Project Review and Steering Committee headed by JS (SIIPR Division)
and comprising of members from ministry and nominated from privatéassec

The overall scheme will be managed by the governing council chaired by Secretary MeitY with member secretary
JS (SIIPR Division)

SCHEME PROCESS, MONITORING AND EVALUATION

Nodal Agency/Project Management Agenciuture design India/Scheme is proposed to run jointly byD&C (Centre

for Development of Advanced Computing), a scientific society operating under MeitY, and MSH. CDAC sinNdidatt as
Agency/Programme Management Agency (PMA) for implementing, executing, and monitoring the progress of Al startups
under CoEs. Further;@AC on behalf of MSH shall receive, appraise applications, verification of eligibility and examination
of claims/fundsthrough any method / document deemed appropriateDB.C shall also contribute towards-@tartup
ecosystem development, engaging with startups, global technology majors, industry associations, academia, and sector
experts.

Empowered committee (EQ) For the overall administration and management of the IndiaAl scheme, an Empowered
Committee will be constituted by MeitY, under the chairmanship of Secretary, MeitY, officers of MeitY along with
representation from CDAC, Industry and leaders from Al startupritdy. The empowered committee may review the
status/progress of the scheme once in everpB6-months duration.

Scheme Management Committee (SMQ)nder the chairmanship of JS/GC (startups, Innovation & IPR) comprising of
officials/ reps from MeitY, I8H, Industry experts and representatives from startup ecosystem, will be constituted by MSH
with the approval of MeitY for selection of 1As and for shortlisting of Al startups. This committee will be tasked with
evaluating and onboarding IAs and startugspar the scheme guidelines. Key recommendations including selection of 1As
will be submitted to Empowered Committee for approval.

PRSG committesvill be constituted under the chairmanship of JS/GC (Startups, Innovation, and IPR Division) to review
technial and financial progress of the scheme periodically. The PRSG is also entrusted with the responsibility of disbursal
of funds and reappropriation of budget heads within the approved outlay of the scheme.
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To ensure adequate governance and compliance, M3Hrequire the following information and rights from its
empanelledmplementing agencies for performance evaluatmma periodiand as needed basis.

Quarterly Portfolio report Quarterly portfolio performance report will be provided by the Implementggncy
to facilitate quantification and assessment of the impact being generated by the Investment fund or the Al
Startups

Board Meeting and Investment Committee Meetings Minutebnplementing Agency will have to share the
minutes of the board meeting agell as the investment committee meetings so that there is transparency and
accountability about deliberations and investment/grant decisions

Investment Decision Memorandumsnvestment memorandums prepared by the Implementing Agency for
supporting theirinvestment decisions will need to be shared for reckesping and to understand the rationale
behind investment decisiemaking

SCHEME TENURE

Applications under the Scheme will be open for five (5) years from 01.07.2023. The applications raodeethe
Scheme will be appraised on an ongoing basis and implementation will continue as per the approvals accorded under the
Scheme.

OVERSIGHT & OUTCOME ASSESSMENT

Mid-term appraisal of the scheme will be done after two years of its implementation pelasecommendations of MSH

to assess the impact of the scheme, offtake by the applicants and economy in terms of the stated objectives. Based on
such impact assessment, decision will be taken to increase the tenure of the scheme and change its findacialth

the approval of the Minister of Electronics and Information Technology.

APPROVAL

The applications received under the scheme will be appraised on an ongoing basis by MSH

Approval to the selected applicants shall be accorded by the MSH@mndhunicated to the applicant under
intimation to Ministry of Electronics and Information Technology

Ministry of Electronics and Information Technology shall make budgetary provisions for disbursal of fiscal
support/grants to approved startups under thehsme. The disbursement shall be done by MSH based on
approval conditions. MSH will submit budgetary requirement to Ministry of Electronics and Information
Technology as consolidated amount on regular basis and not on piojgmioject basis.

DISBURSEMENROCESS

The fiscal support against the different categories (product development, commercialization, growth) of the scheme shall
be released after the approval of the application and achievement of milestones as included in the approval letter.

USE OF éM PLATFORM BY Al STARTUPS

GeM or Government -darketplace is a completely paperless, cashless and sydtaran emarketplace that enables
procurement of everyday use goods and services with minimal human interface. GeM offers a wide variety of advantages
for buyers and sellers. It eliminates human interface in vendor registration, order placement and payment processing to
a great extent. GeM is an open platform that offers no entry barriers to bonafide suppliers who wish to do business with
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the government. Aevery step, an SMS aneMail notification are sent to buyers, their head of the organization, paying
authorities, and sellers.

After a sandbox validation the DPIIT & MSH Registered Startups may also be enrolled for proving their services and offering
on the GeM portal, as this enaldprocurement of Al Startups service to Government Buyers and public buyers.

SCHEME GUIDELINES

The Scheme Guidelines shall be issued by Ministry of Electronics and Information Technology (MeitY) separately with the
approvalof competent authority.

AMENDMENT TO SCHEME GUIDELINES

The scheme and its guidelines shall be reviewed and amended periodically or as per requirement with the approval of
competent authority.
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EXECUTIVE SUMMARY

Artificial Intelligence has enabletmputers to identify intricate patterns that were previously difficult to detect. In recent
times, there has been a surge in the complexity of such machine learning models, aided by the advancements in deep
learning. The growth of these models has beerremarkable that around 84% of users who interact with Al remain
unaware that they are engaging with an Al system. This highlights the increasing sophistication of Al systems and their
ability to seamlessly integrate into our daily lives. Additionalljhaslnot only enabled systems to learn from fepdsting
examples but also to generate new examples from scratch, further expanding their capabilities.

Al has diverse applications across various sectors and industries including Healthcare, Finance, Wiagyfact
Transportation, Retail, Education, Agriculture, Energy and Utilities, eGovernance, Media and entertainment, Sports,
Judiciary, Real estate, Construction, Hospitality and Tourism. Rapid automation and emergence dbassdAdols and
technologieshave had a significant cresgctoral impact on skilling. The World Economic Forum predicts Al to create over
97 million new jobs by 2025. This underscores the significant role Al is envisaged to play in shaping the future of work,
with Alrelated jobs andkill sets spanning across various industries and sectors. As Al technology continues to evolve and
become more advanced, it is likely to create even more job opportunities in India and globally.

As Al is becoming increasingly integrated into variousstriks, there is a growing demand for workers withrélated

skills. This has led to the need for upskilling and reskilling programs to help workers adapt to the changing skill
requirements in Al. Additionally, the development ofehlabled education plérms and the integration of Al into formal
training programs are becoming essential to prepare professionals for the jobs of the future.

To leverage such a focused skilling ecosystem in Al, various strategies are to be implemented which includes emhanceme
of Akbased skilling curriculum, encouragingfédused entrepreneurship development and innovation for startups and
MSMEs, fostering partnerships and collaborations between industagdemiaresearch to leverage training and learning
opportunities, pranoting continuous learning through reskilling/upskilling platforms, providing mentorship, and
facilitating Albased platforms for higlend research and development.

Keeping these aspects in view, the working group has reviewed various existing Al basedlou and has emphasised

a model curriculum framework involving K12 interventions, Graduate/Post Graduate level interventions, Al based
research along with competency/ design considerations. Further, the Working group has evolved and categorised various
key recommendations which includes:

1 Model Curriculum & RepositoryA comprehensive Al curriculum which covers the fundamentals of Al,
mathematics and statistics, machine learning, deep learning, NLP, computer vision, reinforcement learning, Al
ethics, pactical projects, and continual learning is recommended. To ensure that curricula keep pace with rapid
technological changes, (a) A central curriculum repository need to be part of the IndiaAl portal (b) Institutions to
share their curricula, and users cprovide comments and suggestions (c) Model curricula to be evolved from
this pool and incentivized (d) A curriculum committee consisting of experts from academia and industry to make
recommendations on changes in curricula. Given the thrust on GerisAduiggested that relevant tools and their
usage may be made an integral component of the model curriculum.

1 Framework:The framework categorises courses/programs under key focus areas, including techsydogfic
(algorithms, LLMs, etc.), infrastrucasspecific (GPUs, specialised accelerators, Cloud, HPC, etc.), application
specific (sectorial, domain, etc.), best practices (ethical/responsible Al), Al userte¢harical manpower
trained to understand/use/contribute to datasets), and awareness (setimpportunities, threats, etc.)

1 Collaborative & Competitive ecosysteni:everaging Collaborative & Competitive ecosystem among Schools,
Graduates, Postgraduates and Research through various Al based interventions
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Resource/Talent for Startups and MSMEo leverage innovation among Indian startups and MSMEs, there is a
need toprioritise Alrelated research, encourage academic collaboration, and upskiihavorkforce. Efficient
mechanisms to share data for research and academic purposes should be established, and academia should be
encouraged to pursue patents and IPR inGddudbased ACompute facilities should be made available for joint
research with startups and MSMEs, and higher education curricula should include advancsdtedl
technologies. Talent creation in Al infrastructure and sespecific use cases shdublso be given due
weightage.

Research fellowshipstnitiatives like research fellowships, grants for building research capability in-8et 2
institutions, international conferences/journals in Al, research mentorship for selected scholars, andysifarin
Alrelated thesis and datasets are encouraged.

Faculty training in AlTo ensure the quality of faculty/trainers in Al, they need to receive authentic training and
industry exposure, and engage in regular knowledge upgradation. Institutions shouldateathat faculty
engage in knowledge upgradation once every two years, and incentivization for doing so can be considered.
Additionally, a scheme to facilitate "industry internship" for faculty dealing with Al topics can be implemented.

Career Path Maping: Diverse career path mapping in Al which includes Al researcher, machine learning
engineer, data scientist, Al architect, NLP engineer, computer vision engineer, Al product manager, Al ethicist, Al
consultant, and Al entrepreneur.

India-specific Al communityCreating an Indigpecific Al community is important to address national challenges,
data sharing, effective infrastructure utilisation, research result sharing, etc. A national platform for models,
shared data repository, conypational space, and associated training would be effective in building indigenous
capability in diverse aspects of Al and supporting-veald challenges for startups.

These recommendations are aimed to address the growing demand-fetadd skills ad prepare the Indian workforce

and students for the future of work in Al and related areas. By adopting and implementing these strategies the Working
Group expects that Indian organisations and individuals wouldwgtay datewith the latest Al technoldgs and remain
competitive in the Al specific job market through its new visigh! G NJ yAF2NXIF GA JS | LILINB I OKY
t N2 OARSNA £

INTRODUCTION

Al SCENARIO (2023)

Artificial Intelligence will occupy the centre stage acrosimdllistries and sectors from pharma to defence, automobile,
environment and sustainability, healthcar@nd IT to name a few. Consumer behaviour will drive brand experience using
Al.According to IDC research, worldwide spending by governments and busir@s#d technology is expected to top
$500 billion in 2023.

With Al in every corner of the enterprise, mounting regulation and increasing demand for responsible Al is increasing. Al
governance will become a boatevel topic together with cybersecurity drcompliance, which will include explainability,
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fairness audits of highmpact algorithmic decisiomaking, environmental impacts of Al, etc. While globalyis worth

$120 billion as a market, it is growing by more than 20% each year, and is exgertadh a total of $1.5 trillion by 2030.

Al is also expected to create more than 97 million new jobs by 2025. It is also indicated that around 35% of businesses are
already using Al tools in their everyday operations. It is also estimated that aroundf §&4ple who use Al are unaware

that they are interacting with an Al. Further, the global market fospdcialised hardware will grow 9x to $90 billion by

2030.

GENERATIVE Al

Generative Al is becoming increasingly popular in the business world, dueet® phimary factors: improvements in
models, better and more data, and greater computing capacity. Recent years have seen an increase in sophistication in
machine learning models. By using deep learning, computers can now learn complex patterns intdaémeahmeviously

difficult to discoverThis has allowed systems to not only learn from existing examples but also to create new examples
from scratch It can be used for a variety of tasks such as automating customer service, improvingctprodu
recommendations, and creating personalised contéliite generative Al technologies currently in focus, such as ChatGPT,
DALLE, and LaMDA, are distinguished by three main characteristics: 1) their generalisedmathepécialised use cases,

2) their ability to generate novel, humdike output rather than merely describe or interpret existing information, and 3)

their approachable interfaces that both understand and respond with natural language, images, audrajemd

Just as the migration from command line programming (e.g-P@S) to graphical user interfaces (e.g., Windows) enabled

the development of programs (e.g., Office) that brought the power of the personal computer to the masses, the intuitive
interfaces of the current generation of Al technologies could significantly increase their speed of adoption. For example,
ChatGPT surpassed 1mn users in just 5 days, the fastest that any company has ever reached this benchmark. On the whole,
Al with its generativeounterpart is the talk of the town today, with huge expectations on various aspects of life and work

in the time to come. Countries are investing efforts to understand and exploit this technology, and human resources is a
major challenge in this journey.

| PRESENT JOB MARKET

As per survey, Al has a diverse impact on jobs, creating jobs in some spaces and eliminating jobs in othees pefact,
some survey, about 38% of employesgect some or all aspects of their jobs to be automated by the end of.2023
Roughlyl3% of peoplehink that they will eventually lose their jobs to automation. Despite that, Al is expected to create
more jobs than it replaces. In fact, there are curre®®/million new Al jobs projected to be createyg 2025 whileB5
million jobs are expected to be replaced by Al. Job losses duedovkh automation are more likely to affect leskilled
workers, leading to a growing income gap and reduced opportunities for social mobility.

VINDIAN CONTEXFOUNDATIONS OF Al IN INDIA

Institutes such as the Indian Institute of Science (11Sc), IIT Madras, Indian Statistical Institute (ISI) Kolkata, #le Nation
Centre for Software Technology Mumbai and the Tata Institute of Fundamental Research (TIFR) were set up as nodal
agencies leadigpthe front on developing critical aspects of Al in India. In a national effort around, 1985, sevesiabAl

FLILIX AOFGA2ya KIFI@BS SYSNHSRI Ay ObaseRprof@ar designad toslippoNtommunity 9 1 € |
health workers indealing Wik aeévYLlizya 2F AfftySaa Ay G2RRfSNAX /5! / Qa
/ 2YLJzi SNJ +AaA2y oF&aSR AYIF3AS LINRPOSaaAy3a FlLOAfAGED® LYRALIC
2010 and 2016, national instituted onportance such as the 11Sc, IIT Bombay, IIT Delhi, IT Madras, IIIT Hyderabad, IIT
Kanpur, IIT Kharagpur and ISI Kolkata feature among the top universities/research institutes for Al in India. India ranks
10th globally in terms of number of PhDs in &hd 13th in terms of presentations in top Al research conferences.
However, there remain significant challenges in developing, adopting and using Al in India, as will be spelled out in the
adzoaSljdsSyi aSOGAz2ya 27F (KAa pdsiBonlaeNitideurrénKvioridRelder® sashdad theyUS S E LJ
and China. An international conference called KBCS was created bffahisindsustained by NCST. Through this effort,

India successfully brought the prestigious international conference IJCAIi&im&a007. Much work in the area of natural
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language processing, including machine translation, applications of Al for practical problems like scheduling, were initiated

as part of this effort.

Al MARKET IN INDIA

The Al Market in India

projected to reach $7.8bn in value by 2025, clocking a CAGR of 20.
growth is expected across segments - Hardware, Software and Services

over the next 5 years; the

$3.7Bn

Estimated Al market Size

(As of 2021) (2021-2025)
100
202% ——*"
8.0
6.0
5.4
4.0 $3.7bn
20
0.0
2021 2025
m Other Al solutions Al Software

CAGR ~20.2%

Projected 5-year Growth

$7.8bn

Key Insights

India Al pattern st strong growth

The acceleration is expected to be visible in both Al-centric as well non-Al centric
(ERP, CRM, HCM) applications

The Al software segment is expected to grow from ~$3bn in 2021 to $5.4 bn by 2025,
registering a 5-year growth of 18%

Within software, Al applications constitute more than 50% of the market size

Indian companies plan to invest in Al to address business scenarios across functions
- Customer Service, HR, IT Automation, Security

The role of data in the Indian context is also undergoing changes; Al solution buyers
are using transactional data (51%), social media data (51%) and unstructured data
(51%) to power their AI/ML solutions

Indian organizations cite cloud as the preferred mode of deployment for AIML
solutions and workloads

Expanding role of Al in India’s DeepTech start-up ecosystem

= >50%* of Al DeepTech start-ups are building solutions at the interface layer,
conversational Al and video analytics are the top use-cases

= NLP and Computer Vision dominate Al application usage

Source: IDC: India Artificial Intelligence Market, October 2021, *NASSCOM: India’s DeepTech Start-ups (August 2022)

India Al Ecosystem

Indian Al start-ups solving global business challenges

India’s DeepTech ecosystem has substantial Al play; 1900+ Al-focused start-ups are providing innovative
solutions primarily in the areas of conversational Al, NLP, video analytics and computer vision

Al-Focused

Al Start-ups Big Data/ Analytics Start-ups

C meicime: | ORBO:] MagentaE] » o

evuer ®  Psyight &

oN Pernen @ ” Big Data Analytics

[lovautas SOLVIO s Thesssincompany EEIE = Start-ups growing at a
& senseforth.ai Ideata’ 4 ebdata

Top use-cases addressed by Indian Al start-ups

Deepfake Detection

Data Annotation Video Analytics Disease Detection

Installed Data Science & Al talent in
India (August, 2022)

416K

Sources: NASSCOM India DeepTech Start-up report, Aug 2022

India’s digital economy in this Techade will need
world-leading impetus and adoption of Al

Proctoring Solution

629K

Tech Stack Focus
nd

Fraud Prevention

Drug Discovery Verification & KYC

Total Data Science & Al talent
demand in India (August, 2022)

India’s Al Adoption Index score in 2022* was 2.45. Positioned as an Enthusiast,
it reveals the need for enterprises to significantly scale-up their Al initiatives

2nd

India’s global positioning in training and hiring Al

talent

Impact of 1 unit increase in Al Inten:
India’s national total factor productivity**

0.05%

Potential Impact of Al adoption on India’s GVA'
by 2025

$500 Bn

Strategy and Impact, 2.56

Ethics,
Governance 66% spe: 96 of T
and Controls, Investment, idget
274 223 o
India Al

59% appr Al Maturity
by incut tups or CoE 2.45 (2022)

Knowledge People & Ops, —————

Output, 2.1 247

Of Al's 2025 GVA Impact driven by four end-user
sectors

60%

Potential new value add to $1 tn. digital
economy by end-user sectors

$400 Bn

Source: *NASSCOM Al Adoption Index, 2022

44% have dedicated tear

Data and Technology,
259

nents inclu

PO

Source: NASSCOM Report: India Zaiance & Al Skills Report: Dem&ugbply Analysis
https://nasscom.in/system/files/publication/datacienceand-ai-skillsfeb-2023final-new.pdf
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ETHICS & THREATS

Al ethics refers to the issues that stakeholders (from engineers to government officials) need to censidargartificial
intelligence technology is developed and used responsibly. This means taking a safe, secure, humane, and environmentally
friendly approach to AlPoorly constructed Al projects built on biased or inaccurate data can have harmful consequences
on minority groups and individual3he threatof Al also include job displacement, privacy concerns, and the potential

for Al systems to be used for malicious purpoJéeere are also concerns about the potential for Al systems to bediase

or discriminatory Searckengine technology is not neutral as it processes big data and prioritises results with the most
clicks relying both on user preferences and location. Thus, a search engine can become amatdber that upholds

biasesof the real worldand further entrenches these prejudices and stereotypebne.

As can be seen, ethics is a major concern in the space of Al. Human resource development in the field of Al, needs to equip
the candidates with @alanced outlook and understanding of this field, and this will be one of our concerns in the
curriculum design.

TALENT REQUIREMENTS

VAI SKILLING IMPACTS

The crosssectoral impact of Al on skilling in India is significant and transformative. Some keyhiginighting the impact
of Al on skilling in India include:

1 Upskilling and Reskilling Opportunitie&l provides opportunities for individuals to upskill and reskill themselves
in emerging areas of technology. As Al technologies become more prevaless$ dastries, there is a growing
demand for skilled professionals who can develop, implement, and maintain Al systems. This creates a need for
training programs and courses that can equip individuals with the necessary Al skills. As mentioned ewrlier, Al
expected to upset the job space, by making some jobs disappear and new jobs to come up. It is widely believed
that this loss can be made up by reskilling such human resources in Al related jobs. Similarly, those with basic
knowledge of computing can hepskilled to Al capabilities. Thus, these two channels are important channels for
human resource development.

1 Al-enabled Education PlatformsAl can be leveraged to enhance education platforms and make learning more
personalised and adaptive. Al algorithwen analyse learner data and provide customised recommendations,
adaptive assessments, and intelligent tutoring systems. This enables learners to acquire new skills at their own
pace and receive targeted guidance based on their individual needs.

1 Automation and Job DisruptionAl-powered automation has the potential to disrupt certain job roles and tasks,
particularly those that are repetitive and rulsased. This can impact the skill requirements in affected sectors.
However, it also creates new opportunities as tasks thatlmaautomated are replaced by more complex and
creative roles that require human skills, such as probsatving, critical thinking, and emotional intelligence.

1 Emerging Afelated Job RolesThe adoption of Al in various sectors leads to the emergencewfjob roles
related to Al development, data science, machine learning, and Al ethics. Skilling initiatives in India need to
address the demand for these specialised roles by providing relevant training programs and courses. This helps
individuals acquir¢he necessary skills to excel in these emerging fields.

1 Al in Vocational TrainingAl is substantially altering labour markets, industrial services, agriculture processes,
value chains and the organisation of workplaces in particular. Due to the grovgngicance of artificial
intelligence, the labour market would have stricter requirements for employees, and graduates with high
professional quality and high comprehensive levels. Therefore, vocational training programmes must correctly
understand Al trads and connect Al with the reform and innovation of vocational education.

1 Ethical and Responsible Al Skillas Al becomes more pervasive, the need for ethical and responsible Al
development and deployment grows. Skilling programs should incorporateagttdnsiderations, data privacy,
and algorithmic bias awareness to ensure that Al systems are developed and used responsibly.
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Across core sectors, Al affords an increasing list of use-cases across industries; while
investment themes converge with the global, transformative impact on businesses
and society varies

Investment Themes

Top Use-cases

Impact Potential for India

Healthcare

= Affordable and wider healthcare coverage
= |mproved patient engagement and clinical quality
= Better medical outcomes

Predictive diagnosis
Electronic Health Records
Telemedicine (Remote)

~$372bn Healthcare market by 2022

$25-30bn* in economic value add by FY 2026
Remedy the low doctor-patient ratio (1:1446)
Improve Healthcare Access & Quality Index (HAQ)

Manufacturing

= Pivoting to Industry 4.0

= Quality control

= Productivity and efficiency gains
= Reduction in error rate

Anomaly detection
Predictive Maintenance
Supply chain forecasting

Breakthrough technology to achieve 25% sectoral
contribution to Indian economy, pegged at $1tn
Potential to increase Al spend from 5% (percentage
of digital tech spend) to at least 10%

78% of manufacturers in India have defined Al
strategies

Retail = Hyper-personalization = Real-Time Pricing Optimization = India is world's one of the Top 5 retail markets,
= Integrated customer journey = Personalised recommendations to grow to $1.4 tn by 2024
"l“ = Supply Chain Management = Demand prediction = 3X growth is expected to bring mass-scale data and
m = Inventory management Al-led disruption
. = X operational efficiency and revenue growth top
priority areas
Banki ng = Large potential costs savings transforming customer ~ ® Customer service About 40%* of the payments will be optimized using
experience = Anti-money laundering Ai-derived routing models by 2025
N = Personalization : Portfollo Management Explosion of digital-only bank accounts in India,

InfoSec

currently stands at 205mn

Indian banks are expected to spend $1bn* on public
cloud

Utilities = ESG Compliance = Supply chain forecasting India is transitioning from a tightly regulated market
= Risk Management = Defect detection to a tech-driven market
— = Intelligent utilities = Forecasting power outages AIPML will enable the sector to become more
= Efficient grid systems efficient, resilient and data-driven

(Source: NASSCOM Report: India Data Science & Al Skills Report:-Beppindnalysis
https://nasscom.in/system/files/publication/datacienceand-ai-skillsfeb-2023final-new.pd)

ENABLERS & ENIBERS

As the complexity of customer am grows, retention approaches are also evolving to tackle the churn risk and protect
customer revenue and Al can play an instrumental role in that. For many leading recurring revenue businesses, Al is
transforming retention by leveraging customer datajvanced analytics and machine learning to extract actionable
intelligence and drive multichannel retention actions. In order to allay the fears/concerns about GenAl amongst both high
tech IT and nodAT employees, it would be important to train them on Akks and prompt engineering.

Al ENABLERS

Al enablers in India refer to the factors and resources that contribute to the growth and development of artificial
intelligence technologies in the country. Some key Al enablers in India, include:

1 Technological Infrastructurelndia's rapidly expanding digital infrastructure, including the availability of-high
speed internet connectivity, cloud computing services, and advanced hardware, provides a strong foundation for
the development and deploymemf Al technologies.

1 Skilled Workforce India has a large pool of technically skilled professionals, including engineers, data scientists,
and software developers. The country's strong IT industry and educational institutions produce a steady supply
of talent with expertise in Atelated fields, contributing to the growth of the Al ecosystem.

1 Research and Developmenindia has several research institutes, universities, and technology companies that
actively engage in Al research and development. Theséutishs and organisations conduct cuttivegige

research, publish papers, and collaborate with global Al communities, fostering innovation and knowledge
sharing.
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Startup Ecosystemindia has a thriving stattp ecosystem, with numerous fdcused stardups emerging in
recent years. These staups leverage Al technologies to develop innovative solutions across various sectors,
including healthcare, finance, agriculture, anda@nmerce. The presence of venture capital firms and incubators
further supports he growth of Al starups in the country.

Government Initiatives The Government of India has recognized the potential of Al and has taken several
initiatives to promote its adoption and development. The National Al Strategy, launched in 2018, outlines the
government's vision for Al implementation in key sectors. Additionally, programs like the Digital India initiative
and the Atal Innovation Mission provide support and funding fedriMen projects and stastips.

Data Availability India's vast populatioand digital transformation efforts have resulted in a significant amount

of data being generated across various domains. Access to diverse anddatga&latasets is crucial for training
and developing sound Al models. The availability of data, combin#dadvancements in data analytics and
processing techniques, fuels Al development in India.

Collaborative EcosystenCollaboration between academia, industry, and the government plays a crucial role in
fostering Al innovation. India has collaborative tfdans such as research centres, innovation labs, and
technology hubs that bring together stakeholders from different domains to work on Al projects, share
knowledge, and drive interdisciplinary research.

These Al enablers collectively contribute to thewgth and advancement of Al technologies in India. By leveraging these
resources and fostering a conducive environment, India has the potential to become a global Al hub and harness the
benefits of Al in various sectors, leading to economic growth andtabaiepact.

Al ENDUSERS

The potential Al endisers would play a crucial role in driving the adoption and impact of artificial intelligence
technologies in various sectors. Some key points highlighting the significance of Al end users in India, include:

1

Problem Solving and Innovatioml end users in India, such as businesses, organisations, and individuals, identify
challenges and opportunities where Al can be applied to solve problems and drive innovation. By understanding
their specific needs and reqeiments, Al solutions can be developed and deployed to address those challenges
effectively. End users act as catalysts fedéten innovation by providing reaVorld use cases and driving the
demand for Al technologies.

Sectoral TransformationAl end sers span across sectors such as healthcare, finance, agriculture, education,
manufacturing, and more. Their adoption of Al technologies can lead to transformative changes within these
sectors. For example, Al can improve diagnosis and treatment outconesithcare, enable efficient financial
services, optimise crop yield in agriculture, enhance personalised learning in education, and streamline
production processes in manufacturing. The active engagement of end users in implementing Al solutions is
essatial for sectoral transformation and progress.

Feedback and Improvemengffective end users provide valuable feedback based on their experience with Al
systems. This feedback helps developers and Al experts refine and improve the performance, uaadility,
effectiveness of Al technologies. Continuous interaction between end users and Al developers fosters a cycle of
iterative improvement, resulting in more robust and udgendly Al solutions.

UserCentric DesignAl end users' needs and preferencesghghe design and development of Al systems. By
understanding the requirements, challenges, and context of end users, Al technologies can be tailored to provide
intuitive interfaces, personalised experiences, and relevant insights-dgseric design enges that Al solutions

are effectively integrated into users' workflows and deliver tangible benefits.

Ethical ConsiderationsAl end users play a vital role in promoting ethical Al practices. They can influence the
responsible use of Al by ensuring transgacy, fairness, and accountability in Al systems. By demanding and
supporting ethical guidelines and regulations, end users contribute to the development of Al technologies that
align with societal values, respect privacy, and minimise biases.

Market Growth and Economic ImpacfThe adoption of Al technologies by end users drives market growth and
economic impact. Al solutions create new business opportunities, enhance productivity, and improve efficiency
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across sectors. This, in turn, fosters economic ghoyeb creation, and competitiveness. End users, by embracing
and implementing Al, contribute to India's digital transformation and its position in the global Al landscape.

Thus, theend-users in India would help in shaping the adoption, impact, and mesipte use of Al technologies. By actively
participating in the Al ecosystem, end users can contribute to the development of Al technologies that addressideal
challenges and deliver tangible benefits to individuals, organisations, and society asea wh

Al ADOPTION AND EMPLOYABILITY

Al adoption and employability holds significant promise and potential. The expected trends and opportunities, include:

il

Increased Al Adoptigrindustries such as healthcare, finance, retail, manufacturing, agricultudee@duncation

are likely to leverage Al to improve efficiency, enhance decisiaking, and drive innovation. As Al becomes
more accessible and cosffective, smaller businesses and startups are also expected to embrace Al solutions,
contributing to widespead adoption

Job Transformatioms Al adoption will lead to a transformation in the job market, where certain tasks and job
roles may be automated or augmented by Al technologies. However, it is important to note that Al is more likely
to augment jobs rdter than replace them entirely. While some routine and repetitive tasks may be automated,
new job roles will emerge, requiring a combination of technical and soft skills to collaborate with Al systems
effectively.

Demand for Al Skillfhe demand foAlrelated skills is expected to rise significantly. There will be a need for
professionals with expertise in areas such as machine learning, data science, natural language processing,
robotics, and Al ethics. Additionally, individuals with dorreecificknowledge who can apply Al techniques to
solve industryspecific problems will be in high demand. Skilled professionals with the ability to develop, deploy,
and maintain Al systems will have stronger employability prospects

To meet the demand for Al gki] there will be an increased focus ekill development initiatives in India
Educational institutions, government bodies, and private organisations are likely to offer training programs,
courses, and certifications to equip individuals with Al compatsndJpskilling and reskilling programs will help
professionals adapt to the changing job market and acquire the necesseslated skills

The growth of Al adoption in India will also creatdrepreneurial opportunitie$or individuals to start Afocused
ventures. The startup ecosystem in India is already witnessing the emergenedrofehl startups, and this trend

is expected to continue. Entrepreneurs can leverage Al technologies to develop innovative solutions, products,
and services across secsocontributing to economic growth and job creation

As Al becomes more pervasive, the importancetbfcal and responsible Alractices will also increase. There

will be a greater emphasis on developing Al systems that are transparent, unbiased, and accountable. The
demand for professionals who can navigate the ethical challenges of Al, ensure privacy protection, and address
algorithmic biases will rise, leading to new job roles and opportunities.

As Al technologies continue to advance and mature, there will be a need for a skilled workforce that can harness the
potential of Al and drive innovation. With the right focus on sldlelopment, education, and fostering an enabling
ecosystem, India has the potential to become a global leader in Al adoption, creating opportunities for economic growth
and societal transformation.

ROLE OF INDUSTRY IN SKILLINGKREING

The industry fays a crucial role in skilling and reskilling individuals in Al, and key aspects to promote skill development in
Al include:

)l

Identifying Skill RequirementsThe industry has a deep understanding of the skill requirements for Al roles and
can provide valable insights into the technical and domapecific skills needed to excel inralated job roles.
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By working closely with academia and training providers, industry stakeholders can contribute to the design of
relevant and industraligned Al skilling pgrams.

1 Collaboration with Educational Institutions The industry can collaborate with educational institutions to
develop Adfocused curriculum and programs that align with industry needs. This can involve providing guest
lectures, workshops, internshipgnd industry projects to students, giving them exposure to -veadld Al
applications and fostering a practical understanding of Al concepts plus involvement in board of studies and
advisory boards.

1 Providing Training and Learning Opportunitidadustries can offer training programs and learning opportunities
to upskill and reskill their existing workforce in Al. This can be done throdgbuise training programs, online
courses, workshops, or partnerships with external training providers. By investihgir employees' Al skills,
industries ensure a competent workforce that can effectively leverage Al technologies.

1 Establishing Centers of Excellencindustries can establish centres of excellence in Al, where research,
development, and training in Aéthnologies take place. These centres can act as hubs for Al skill development,
bringing together industry experts, researchers, and educators to collaborate, exchange ideas, and create a talent
pipeline in Al.

1 Supporting Startups and Innovatianindustries can support Alocused startups and innovation by providing
mentorship, funding, and collaboration opportunities. This fosters an ecosystem of innovation and
entrepreneurship, driving Al skill development and creating a platform for aspiring Al profaissio thrive.

I Addressing Ethical Consideration¥he industry has a responsibility to address ethical considerations in Al
development and deployment. By integrating ethical guidelines, privacy standards, and responsible Al practices
into their Alinitiatives, industries can ensure that Al systems are developed and used in an ethical and socially
responsible manner.

By providing guidance; by collaborating with educational institutions; and by offering training opportunities, including
continuous leaning, the industry can contribute to the growth and advancement of Al skills, creating a talent pool that
can drive innovation and competitiveness in the Al landscape.
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Al SKILLING STRATEGY

NATIONAL Al SKILLING FRAMEWORK

Target | .
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Al Enabler Awareness and training Enable populatiodevel comfort | Knowledge
sessions with Al interfaces Based
Assessment
End User Ul nudges + help documenty Populationlevel comfort with Al | Knowledge
interfaces Based
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Across Schools | Structured learning path on | Comfort with Al interface, what | Badges/Quizze
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Hackathon (like Smart India

To Showcase talent and generg

Hackathon

Hackathon for classed'6 open innovation ideas Rankings
12M)
Non-Engineering | Structuredlearning path on | Comfort with Al interface, what | Badges/Quizze

and Engineering
(NortIT) college

Al, Generative Al and its
applications, and Responsib

is Al, Basics of Al, Al based too
and applications connected to

s/

students Al field of study Tests
Foundational courses on the Working knowledge of Al Completions
usage ofAl, Generative Al | fundamentals, Ability to analyse
tools & frameworks, and situations where Al can be
Responsible Al applied
Cross-Sector/Multi Application of Al in the specific
disciplinary courses domain
Hackathons (usage of Al) | Solutions demonstrating how Al
is being used in a specific
domain,
Engineering Foundational courses on Al | Working knowledge of Al Knowledge
colleges and STEI models, Al tools & fundamentals, Ability to analyse| based
(IT and Related) | frameworks, and Responsib| situations where Al can be assessments,
Al applied, Data Science sandboxes,
fundamentals, Programming projects,
fundamentals hackathons,
internships,
creating
applications
Hackathons (usage &) Solutions demonstrating how Al Participations

is being used in a core
engineering fields, IT or
Mathematical models,

in hackathons
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ITI/Polytechnic Foundational courses on thg Comfort with Al interface, what | Badges
usage of Al, Generative Al | is Al, Basics of Al, Al based too
tools & frameworks, and and applications connected to
Responsible Al field of study
Across Industry | Structured learning path on | Comfort with Alinterface, what | Badges
Al, Generative Al and its is Al, Basics of Al, Al based too
applications, and Responsib| and applications connected to
Al field of study
Foundational courses on thg Working knowledge of Al Badges and
usage of Al, Generative Al | fundamentals, Ability t@nalyse | completions
tools & frameworks, and situations where Al can be
Responsible Al applied, Data Science
fundamentals, Programming
fundamentals
Industry applicatiorbased Role or customer specific skills | Badges and
courses and Responsible Al completions
Industry BesPractices to Basics of Al, Problem Knowledge
apply Al in different fields of | Identification, Process to identify based
work Al based solutions, Process to | assessment,
identify data sources, Resource| Application
identification, Expert based
consultations and industry use | assessment
cases
Implementation Evaluation ROI of Al projects, | Knowledge
Methodology, Change Change Management based
Management Process & assessment,
Business Benefits of Al Application
enabled systems based
assessment

Industry Hackathon

Generate Innovativeolutions
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Across Govt Structured learning Al for Digital Nagriks, Al Knowledge
Departments path/learner sessions on Al,| applications for citizen services, based
Generative Al, Responsible | Al ethics and governance, Al | assessment
trends
Engineering Advanced courses on Large| Ability to design and build Al Badges and
colleges and STEI Language Model, Al models| models and solutions completions
(IT and Related) | Al tools & frameworks, and
Responsible Al
Development of Al Ability to build Al based product| Badges and
tools/Products. completions

Hackathons/ Ideathon

To Showcase talent and genera

open innovation ideas

Participations
in hackathons

and computer vision service
to companies that want to
avoid upfront costs of
hardware and software

warehouses without high
upfront costs of hardware and
software

Technical Advanced courses on Al too| Ability to design and build Al Badges and
Professionals & models,Generative Al, models and solutions completions
NLP, and Responsible Al
Al Product creation
(Detection/Prevention)
Al Products for persons with
special needs (like for
Physically Disabled persons
or Elders)
Al as a Service Cloudbased service to Alaasnables organization to | Application
(Alaas) provide Al infrastructure, build Al services cost effectively based
including machine learning, | by providing computing power, | assessments,
natural language processing| foundational models and data | Projects
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Legal & Courses of Data Privacy, Fundamentals of Al to Knowledge
Governance Cyber Security and Cyber | understand how it works, based
Professions theft related to Al Understanding of Al models, Ke assessments
implementation & usage issues around governance of Al
and liability
Person With Al foundational courses + | Awareness of Al based Application
Disabilities enabling communication & | accessibility tools, Build solutior| based
enhancing accessibility toolg for accessibility for different assessments
disabilities

SYNERGY & COLLABORATIONS

Artificial intelligence (Al) is a hastily evolving subject that requires collaboration among enterprise, academia, and
government to drive innovation and improvement. The interaction between these sectors can be instrumental in
advancing Al technology and applications.

1

Industry: Industries can play a critical function in Al improvement by means of using research and development
efforts, growing innovative Agrimarily based services and products, and making use @éckinologies to
enhance efficiency and competitiveness. They can deliver financial resources, expertise, aghkbbadal
challenges to the table. Industgd tasks can consist of collaborations with instructional institutions, sponsoring

Al projects, orgaising Al competitions, and setting up-@ntred innovation centres. Industry can also offer
internships and schooling packages to students and researchers, providing sensible experience and fostering
talent development.

Academia Academic establishmentze at the leading edge of Al research, conducting fundamental research,
developingalgorithms,and educating the next generation of Al specialists. They make contributions to the
theoretical and technical understanding of Al, exploring new thoughts, arsthipg the limits of expertise.
Academic institutions collaborate with enterprise companions via joint projects and other programs that partner
with young leaders across the globe to foster collaboration, build resilience and strengthen capacity. They offe
educational packages in Al, including undergraduate and graduate courses, specialised Al degrees, and research
opportunities for college students. Academia can additionally play an important function in raising attention
about ethical concerns, privacgnd societal impact of Al.

Government Governments act as enablers and regulators in the Al surroundings. They provide conducive
surroundings for Al improvement by way of setting up guidelines, and investment mechanisms. Governments
can invest in Al resealn and development, offer incentives to Al startups and agencies, and aid infrastructure
improvement. They also have a function in shaping ethical and privacy guidelines, and requirements for Al
applications.

Industry-led Internships Industryled internshps can provide precious possibilities for students and researchers

to benefit from practical experience, paintings on actgkdbal Al tasks, and study from industry specialists.
These internships provide hands training, exposure to industry practicemd demanding situations, and
potential career opportunities. Industry companions can collaborate with academic establishments to design
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internship applications, provide mentors and supervisors, and offer monetary aid to interns. Such collaborations
give aboost to the binds among academia and enterprise, bridging the space among theoreticahkmoand
practical implementation.

OVERVIEW OF SOME Al POLICIES/REPORTS IN INDIA

National Al Strategy: In 2018, the Government of India released a nasitvatdgy on artificial intelligence. The
strategy aims to position India as a global leader in Al and leverage Al technologies for social and economic
benefits. It focuses on five key areas: healthcare, agriculture, education, smart cities, and infrastritte
strategy emphasises the need for skilling and capacity building in Al.

National Al Portal: The Ministry of Electronics and Information Technology (MeitY) launched the National Al
Portal in 2020. The portal serves as a comprehensive resource -fetafdd news, policies, initiatives, and
research in India. It provides information on Al adoption, training programs, and collaborations in the country.

Al for All: The NITI Aayog, a government policy think tank, released the discussion paper "AIf@0AB. The
paper highlights the potential of Al in India and discusses its implications for various sectors, including healthcare,
agriculture, education, and governance. It emphasises the need for inclusive and responsible Al development.

Draft Natioral Strategy on Al: In June 2018, the NITI Aayog released a draft national strategy on Al, inviting public
comments and suggestions. The strategy focuses on leveraging Al for social inclusion, economic growth, and
national development. It outlines key objaes, policy recommendations, and implementation strategies.

Al Task Force Report: The Ministry of Commerce and Industry constituted an Al Task Force in 2017 to develop a
roadmap for Al adoption in India. The task force released a report in 2018, higiditie potential impact of Al
on various sectors and recommending strategies to promote Al research, development, and deployment in India.

PPP (publiprivate partnership) Models: Publfarivate partnerships (PPPs) are collaborative modelsbhiag together

the resources, expertise, and capabilities of both public and private sectors to address complex challenges and drive
innovation. In the context of artificial intelligence (Al), PPP models can be utilised to promote Al research, development,
and deployment, while ensuring alignment with societal needs and ethical considerations. Here are some common PPP
models relevant to Al:

Research CollaborationsPublic and private organisations can form partnerships to conduct collaborative
research in Al. This involves joint projects, sharing of research facilities, and pooling of expertise and resources.
These collaborations can focus on developing new Al algorithms, models, or technologies that have potential
applications across various mhains. This can also be used to make the research practically relevant, by focusing
on real problems with real data.

Innovation Clusters and Center§overnments, academic institutions, and industry can collaborate to establish
Alfocused innovation clusts or centres. These initiatives bring together researchers, entrepreneurs, and
industry experts to foster collaboration, knowledge exchange, and commercialization of Al technologies. These
clusters can provide shared infrastructure, funding support, aetivarking opportunities for Al startups and
companies.

Data Sharing InitiativesPublieprivate partnerships can facilitate the sharing of data between government
entities, private organisations, and research institutions. Quality data in good measune isidst critical
requirement for quality work in Al. This collaboration allows access to diverse datasets, which are crucial for
training and improving Al models. Data sharing initiatives should uphold privacy and security protocols while
promoting responible and ethical use of data. Open Data Sets are critical to conduct research or build an
application to solve real world problems in multiple domains. Successful models of PPP data sharing enablement
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include AWS data exchange programs making availabke degasets on Environment, Social & Corporate
Governance (ESG), public sector, weather, air quality, satellite imagery and many mepathjrdatasets that
can otherwise be hard for researchers to access or analyse.

Standards DevelopmentPPPs can @ a role in setting industry standards for Al technologies. These
partnerships involve collaborations between industry, government agencies, and standardisation bodies to
establish guidelines, protocols, and benchmarks for Al development and deploymhist. iMproves
interoperability, fairness, transparency, and accountability in Al systems.

Skills Development and Training ProgramBPPs can support initiatives aimed at developing a skilled Al
workforce. This involves collaborative efforts to design anglément training programs, workshops, and
educational courses that equip individuals with-réllated skills. By combining the expertise of academia,
industry, and government, these programs can address the evolving demands of the Al job market.

Policy andRegulatory FrameworksPublieprivate partnerships can contribute to the development of Al policies

and regulations, which is emerging as a serious concern across the globe. Governments can collaborate with
industry stakeholders, research institutions, agidil society organisations to establish frameworks that address
ethical, legal, and social implications of Al. These partnerships ensure that Al technologies are deployed
responsibly, protect privacy rights, and mitigate potential biases or discrimiyataicomes.

QUALIFICATION PACKS / NATIONAL OCCUPATIONAL STANDARDS

Qualification Packs (QPs) and National Occupational Standards (NOSs) are frameworks that outline the skills, knowledge,
and competencies required for specific job roles in a particularstrgu Some of the kvogue jobroles relevant to Al
include:

il

Artificial Intelligence EngineerA QP or NOS for an Al engineer might cover areas such as machine learning
algorithms, deep learning, natural language processing, computer visionpaapaocessingmodel evaluation, and
deployment of Al solutions. It could also include skills in @ogning languages like Python, knowledge of Al
frameworks like TensorFlow or PyTorch, and expertise in working with large datasets.

Data ScientistA QP or NOS for a data scientist in the Al field could encompass skills in data analysis, statistical
modelling, data visualisation, feature engineering, predictive modelling, and machine learning techniques. It may also
include proficiency in programming languages such as Python or R, knowledge of database querying languages like
SQL, and experience with tooilsd Jupyter Notebook or Tableau.

Al Ethics and Policy Speciali$t/ith the increasing importance of ethical considerations in Al, a QP or NOS for an Al
ethics and policy specialist might cover topics like responsible Al development, fairness, transpanigacy, and

bias mitigation in Al systems. It could involve understanding legal and regulatory frameworks related to Al, evaluating
ethical implications of Al algorithms, and developing policies and guidelines for Al governance.

Al Project ManagerA QPor NOS for an Al project manager might focus on skills related to project management
methodologies, resource allocation, risk assessment, stakeholder management, and budgeting specific to Al projects.
It could also include knowledge of Al technologies, ifamity with agile development practices, and the ability to
oversee the implementation of Al solutions within a project context.

The specific QPs and NOSs available foelAled roles can vary by country, region, and industry. Some of the QP & NOSs
for Indian Industries are aannexurel.

RESKILLING AND-8BRILLING

As the nature of work changes with automation, millions of people may need to switch their profiles and acquire new
a1Aftfad ¢KAE 6Aff AYLI OG GKS &0GNHzOGdzNB 2F LYRALF Qdial SEA A
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to createnet new jobs, a lack of relevant skills might mean that a majority of the displaced workforce may remain
unemployed. Countries such as Australia and the US have launched programs that actively seek to encourage the
migration of skilled professionals in sace, technology, engineering and mathematics (STEM). Specific profiles that are
likely to get replaced include the role of data entry clerks, cashiers, financial analysts, telemarketers, csstiocer
executives, etc. Focused collaborations at the getgvel, engaging students with corporates, can help build directly
adaptable skills for the industry.

Currently, about 23 institutes in India offer B.Tech programs in Al. There remains tremendous potential to offer more
wide-spread training in Al technody. Moreover, Al needs to be understood as being socially embedded, interacting and
affecting individuals and communities in myriad ways. It is therefore suggested that Al training go beyond technology
curricula to include social sciences, to contributethe process of constructing the algorithm and in conducting an
algorithmic impact assessment.

It is estimated that about 30% of the existing workforce would requirgkifling/ upskilling to stay relevant and about

50-60% of the workforce would requime-skilling/ upskilling on continual basis in emerging technologies, so as to retain

the edge that India has in the IT sector due to growing automation, emergence of disruptive as well as new technologies,
etc. It would be challenging to create/maintajphysical training infrastructure to match the emerging technical
requirements, due to the high rate of technological obsolescence coupled with faster peaking of newer technologies
appearing on the horizon, practically within abouté1 Y 2 y (i K & Qeeping i 8etw that thé Borkihg professionals

may have difficulty attending regulatassroombased training programmes, offering them a choice ofioa platforms

for learning with multiple skilling options would encourage dinye, anywhere, sepacedlearning for acquiring newer

and industry relevantskit SGa® ¢2 OF GSNJ (2 (GKA&a Kdza2S RSY!I y Rskiling/Rp NB |j dzA
a1AfEAY3a CNIYSE2N] QX GKIFG Aa GSOKy2ft23e& S ychive toBshitatirg NJ i K
with NASSCOINgwhich is also the HTeS Sector Skills Council. Through this initiative (titled FutureSkills PRIME), industry
and the Government is aiming to-skill/ up-skill a total of about 1.4 million employees over a period of fiears (1

million from company supported skilling (B2B) and another 0.4 Million from Government supported/ facilitated Scheme
(B2Q)).

A sample GenAl Graduate Level Course Level course providesegel @ourse curriculum covering a wide range of topics
related to generative Al models across different modalities, including text, image, audio, VR/AR, and robotics. More details
at Annexurell.

MODES CONVENTIONAL, ONLINE, BLENDED, METAVERSE

Modes of education in Al can vary depending on the candidate priofdtution and the specific program or course being
offered. Here are some common modes of education in Al can include:

1 Conventional/Traditional EducationThis encompasses traditional classrebased education where students
attend inpersonlectures, engage in fage-face discussions, and interact with instructors and peers. It often
includes handsn lab sessions and group projects, fostering direct interaction and immediate feedback.

1 Online EducationOnline education has become increasyngopular, offering Al courses and programs through
online platforms. Students access lectures, course materials, and assignments remotely. Online education
provides flexibility, selpaced learning, and the ability to reach a global audience.

1 Blended Leeing: Blended learning combines elements of traditional and online education. It combinetface
face instruction with online components, such as recorded lectures, interactive modules, and online discussions.
Blended learning allows for a mix offierson and remote learning experiences.

1 Massive Open Online Courses (MOQQgOCs are online courses open to a large number of participants
globally. They often cover Al topics and provide video lectures, interactive quizzes, and discussion forums.
MOOC:s offeaccessibility, flexibility, and the opportunity to learn from renowned instructors and experts.
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Bootcamps and Intensive Program#él bootcamps and intensive programs offer focused, immersive learning
experiences. These programs are typically siemin and intensive, providing practical hands training in Al

skills and technologies. They often incorporate +wakld projects and industry collaborations.

Corporate Training and hhouse ProgramsMany companies offer Al education and training programstfeir
employees. These programs may be conductekdnse or outsourced to training providers. They aim to upskill
employees in Al technologies relevant to their work domains.

Research and Academic Institutionsniversities, research institutions, anda@emic centres play a significant

role in Al education. They offer undergraduate and postgraduate degree programs, specialised research
opportunities, and access to Al laboratories and resources.

Al Competitions and Hackathon€ompetitions and hackathomsovide a hand®n learning experience, where
participants work on Al challenges and projects within a limited timeframe. These events foster collaboration,
problemsolving, and practical application of Al techniques.

Dependig on factors such as learnergfile, nature of topic and duration, access to quality teachers and programming
environments, one should choose a mix of these for the various requirements. For example, short term knowledge
upgradation programs would be attractive in online form, asnialgles access to good experts and minimises logistic
requirements for participants. On the other hand, long term degree programs etc. are best done inaangns mode.

TRAINING OF TRAINERS

Training of trainers in Artificial Intelligence (Al) plays a vital role in constructing a coaching network which coeitdlgffici
teach the subsequent generation of Al experts. Quality and quantity of teachers in the engineering field has often been a
concern in India. The ToT ecosystem in Al can encompass the followings:

1

Subject Matter Expertise Trainers ought to own deep knowledge and kaloow in Al ideas, algorithms, and
packages. They should be wedlrsed in various subfields of Agnsisting of machine learning, pc vision, natural
language processing, robotics etc. as applicable.

Pedagogical Skilig-or interactive and engaging training sessions, a trainer needs to have strong pedagogical
skills. To meet the needs of various begirm¢hey must identify various learning styles, select effective teaching
methods, and adapt content.

Curriculum DevelopmentTraining programs may be designed with focus on comprehensiveness dodlate

Al curricula. In order to ensure the same, symbgrams can include objectives and effective lesson plans,
deciding on suitable sources of knowledge, including the inclusion of practical-palmpkysical games and
initiatives.

Handson Experience Trainers should have a realistic level in Al, togethigh implementing Al algorithms,
running with Al tools and frameworks, and making use of Al techniques ténteahational issues. Hanetn
experience facilitates trainers to provide realistic insights to inexperienced persons.

Continuous Professional &elopment Training applicationsmust emphasise continuous professional
development for trainers. This includes staying updated with the recent developments in Al, taking part in
projects, attending conferences and workshops, and engaging in collabonzsdstering with other Al educators.
Teaching Methodologies and Tool$rainers need to be acquainted with numerous teaching methodologies and
gear that decorate the learning enjoy. This consists of using visualisations, interactive demos, simulations, and
educational technologies particularly designed for teaching Al ideas.

Ethical ConsiderationsAl trainers need to deal with ethical implications, privacy worries, and responsible Al
practices in their training programs.

Collaboration and Networking Buildhg a vibrant teaching community entaifostering collaboration and
networking amongst Al trainers. This can be performed through regular meetings, workshops, online boards, and
sharing of best practices.

Evaluation and Assessmentraining packages musbrsist of mechanisms for evaluating performance. This
may involve peer critiques, learner remarks, and ongoing exams to screen trainers' effectiveness and offer
focused assistance and professional development possibilities.
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1 Industry EngagementTrainers ned to establish connections with enterprise experts and groups to stay updated
on industry necessities and emerging tendencies. Industry collaborations can offer trainers with international
insights, guest lectures, internship opportunities, and enterpridevant projects for learners. Chapter 4: Model
Curriculum Framework

MODEL CURRICULUM FRAMEWORK

BUILDING RESEARCH EDGRPHRNATIONAIEVEL

Despite a large number @hgineering and science colleges starting streams in Al related topics, and thereby addressing
0KS KdzYlFy NBa2dzNOSa F2N) YdzOK 2F (GKS AYyRdzZZAGNE NBIJjdzA NBYS
tier-1 institutions and a few seleatstitutions (e.g. Amrita University, VIT, etc), most are focused on teaching only. This

has two implications which require attention in the context of this working group.

Firstly, the sole focus on teaching impacts the level of maturity, experience and expertise that the faculty has in fast
changing areas like Al. Depending solely on continuous faculty training and upgrade is a costly way to address this problem.
Building aresearch ambience in the college can help improve this situation, by encouraging connection with thef-state
the-art work in this field.

Secondly, India needs to stay abreast of the technological developments in thevéging world, to sustain itsfferts.
Even more, we need to be at the leader position in research in this strategically important area. Compared to other
economies like China, we have a long way to improve our publications and patent count in this area.

Lack of adequate research cultuis also impacting the level and quality of PhD work in many areas. Hence, just starting
more PhD programs will not solve this problem.

Building a publicly visible review process, publicly accessible research repository, high quality datasets, ordatbgies,
corpora with easy availability, and recognition of higality work being done irrespective of the institutions will
contribute positively to this cause.

It may be noted that while the current state of the art in Al, promises effective solutionsnion@er of important
problemsc ranging from medical diagnosis to engineermnthere are still many challenges like explainability, security,
privacy, and so on that are still open for big advances. Thestatistical aspect of Al also requires attentifbam sharp
research minds.

Therefore, attention to build a broabdased research culture in this area needs to be a key element of our skill
development under IndiaAl.

1/ 19 hwQ{ s a!{¢owQ{ [9+09]

As mentioned earlier, a number of engineering colleges Isaded Atbased degree courses, along the lines of BE(IT)

and BE(CSE). These are designed with inputs from industry and academia, through their Board of studies. A sample
curriculum used by one of the engineering colleges, with which one of the comnmitezebers is associated, for data

science and Al/ML based computer science degree is placeahiexurelll. This is typical of special engineering streams
introduced by many colleges related to the field of Al. Streams are available today in the namiéi@é&lAritelligence,

Data Science, Business data analytics, Data analytics, Big data analytics, etc. Many of them focus on the applicative aspect
of Al, quite relevant for our focus, particularly for the startups. These courses often have the latestsainjg topics

covered as per the syllabus.

One challenge that many of these organisations face is in the area of teaching resquaesed quality datasets,
software systems, computer facilities, etc. Alternate committees under IndiaAl are alreadgddoko datasets and
compute provisions, and we hope these will address them. An equally strgggrhaps stronger; concern is the
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availability of quality faculty with relevant experience. In order to ensure quality human resources coming out of these
degree programs, ensuring quality faculty is critical. IndiaAl could help in addressing this gap, by having recorded course
material, teacher guidance/mentoring mechanisms, industry internship for teachers, etc.

Promoting industry interventions and acadenmalustry partnerships would be highly beneficial at graduation stage. One
example is AWS Academy has enabled over 32,000 students across higher education institutions in India wittoa ready
teach cloud computing curriculum, preparing students to purswhistry-recognized certifications and-shemand cloud

jobs, enabling learners to select and apply machine learning models and services to resolve business problems, followed
by virtual internship opportunities and a similar model can be adopted for Aicolum?

K-12 INTERVENTIONS (SCHOOL LEVEL CURRICULUM)

There are a few recent initiatives to map or create Al curriculum frameworks for grad2s®hese include 1) Al Literacy:
Competencies and Design Considerations, 2) the Al4k12:Ad Guidelines (hs://ai4k12.org/), and 3) the Machine
Learning Education Framework discussed in K12 Al Curricula: a mapping of govt endorsed Al curricula by UNESCC
(https://lunesdoc.unesco.org/ark:/48223/pf0000380602).

The Atal Innovation Mission (AIM) was initiated i@y the Government of India to create a space for innovation and

an entrepreneurial ecosystem, and focuses on empowering the youth with twianstycentury skills such as creativity,
innovation, critical thinking, design thinking, soe€iaind crosscultural collaboration and ethical leadership. AIM
established Atal Tinkering Labs (ATLs) across India with a vision of cultivating one million children in India as Neoteric
AYY20FG2NAED® ¢KS ¢AY1SNAY3I [F6aQ YL Aygmairdecaninindvadegscllping f dzR S
ideas through handsn experience and work, and by learning in a flexible environment. ATL also includes topics from Al,
ML, etc.

In 2021, CBSE collaborated with Intel to launch an initiative called the Al Student CoynidUBI€). Following the
framework of the National Education Policy (NEP) 2020, the AISC focused on preparing a workforce for economic
development using Al and the development of technical skills such as data analysis and computational thinking. The AISC
ordl yAasSa S0 A yceriN#d canéheslantiedért @s welLas boot camps and hackathons, for students. In
addition, the AISC provides opportunities for students to access curated-gisdial learning resources related to Al.

In 2022, Intel pagf SNER ¢AGK /.{9 (G2 ftldzyOK GKS WI'L F2NI !1ffQ AYyA
general public. Al for All is a fehour selfpaced course available in eleven Indian languages and accessible to visually
impaired learners. The coursis divided into two sections: (I) Al Awareness (1.5 hours), which includes a basic
understanding of Al and of misconceptions about Al and its application, and (Il) Al Appreciation (2.5 hours), which involves
understanding the key domains of Al, the impat®l across different industries and the principles of responsible Al and

Al ethics.

VCOI\/IPETENCIES & DESIGN CONSIDERATIONS

Al literacy based on a scoping study of existing research has sought to determine emerging themes in (a) what Al experts
believe a no-technical audience should know, and (b) common perceptions and misconceptions among learners. The
scoping study reveals 17 competencies and 13 design considerations, which focuses on pedagogical and learning methods
but also on social and interpersonglements. Overall, they emphasise experiential learning and relevant material, an
appreciation for cognitive demands and child development theory, and the positioning of Al within learner contexts. The
15 specific design considerations that the researclpeesent are:

2 https://d1.awsstatic.com/trainirand-certification/rampup_guides/Ramplp_Guide_Machine_Learning.pdf
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Explainability Ly Of dzZRS 3ANI LIKAOF f @A &adz € A& (A 2 ymaking grdcessks, | G A 2
2NJ AYGSNY OGAGS RSY2yaildN}rGA2ya Ay 2NRSNI G2 FAR tSINYy
Embodied interactions Design interventions in wth individuals can act as or follow the agent, as a way of
YI1TAy3 &aSyasS 2F¥ GKS 3SyidQa NBFrazyAyd LINRPOSaad ¢KA
handson physical experimentation with Al technology.

Contextualising dataEncourage learners to investigate who created the dataset, how the data was collected,
FYR ¢KIG GKS fAYAGFEGAZ2Yya 2F GKS RFEGIFraShd INBd ¢KAA
lives,arelowRA YSy aA 2yl £ | yR | Nibor Nextlg éategoizable) @S y2iG Of Sy
Promote transparencyPromote transparency in all aspects of Al design (i.e. eliminating-btaciunctionality,

sharing creator intentions and funding/ data sources, etc.).

Unveil gradually To prevent cognitive overloadivg users the option to inspect and learn about different system
components; explain only a few components at a time; or introduce scaffolding that fades as the user learns
Y2NB Fo2dzi GKS aéaiGSyQa 2L NI GA2yad

Opportunities to program Provide ways for individuals to program and/or teach Al agents. Keep coding
prerequisites to a minimum by focusing on visual/auditory elements and/or incorporating strategies like Parsons
problems and fitin-the-blank code.

Milestones Consider how peeptions of Al are affected by developmental milestones (e.g. theory of mind
development), age, and prior experience with technology.

Critical Thinking Encourage learners to be critical consumers of Al technologies by questioning the intelligence
and trustworthiness of Al applications.

Identities, values and backgrounds / 2y AARSNJ K2g € SIFNYSNEQ ARSYGAGASE
interest in and preconceptions of Al. Learning interventions that incorporate personal identity or cultural values
may encourage their interest and motivation.

MACHINE LEARNING EDUCATION FRAMEWORK

The Machine Learning Education Framework provides a structured approach to learning and acquiring skills in machine
learning (ML). It outlines the key components asteges involved in building a solid foundation in ML education. The
Machine Learning Education Framework serves as a guideline for designing comprehensive ML education programs.
However, it is important to tailor the curriculum to specific learning gdalget audience, and available resources. The
framework emphasises a holistic understanding of ML concepts, practicalloanglgerience, and awareness of ethical
considerations in the field. While there isn't a specific universally accepted framewakfollowing elements are
commonly considered when designing ML education programs:

|l

Fundamentals of ML: This stage covers the foundational concepts and principles of ML, including supervised
learning, unsupervised learning, reinforcement learning, featungimeering, model evaluation, and bias
variancetrade-off. It provides an understanding of the core algorithms, mathematical concepts, and statistical
techniques used in ML.

Programming and Tools: Proficiency in programming languages commonly used urcivids #ython, R, or Julia,

is essential. This stage focuses on developing programming skills, familiarity with ML libraries and frameworks
(e.g., TensorFlow, PyTorch, sclk&#rn), and data manipulation armgte-processingechniques.

Data Collection andPreparation: ML heavily relies on highality data. This stage covers data collection
methodologies, data cleaning, datae-processingechniques (e.g., feature scaling, handling missing values,
outlier detection), and data visualisation to gain insights the dataset.

Model Development and Training: This stage delves into the process of designing ML models, selecting
appropriate algorithms, model architecture, hyperparameter tuning, and optimization techniques. It also covers
strategies for model traiing, crossvalidation, regularisation, and ensemble methods.
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1 Evaluation and Validation: Understanding how to evaluate ML models is crucial. This stage focuses on
performance metrics (e.g., accuracy, precision, recal§déte), model validation techniqade.qg., trairtest split,
k-fold crossvalidation), and addressing overfitting or underfitting issues.

1 Deployment and Productionisation: This stagrphasisethe practical aspects of deploying ML models into
production environments. It covers considerations like scalability, latency, model serving, versioning, monitoring,
and maintaining model performance over time.

1 Ethical and Responsible Al: ML educationuthiinclude discussions on ethical considerations, bias detection and
mitigation, fairness, transparency, and accountability in ML models. Understanding the social implications and
responsible use of ML is crucial.

9 Continuous Learning and Exploration: Mlairapidly evolving field, and staying updated is essential. Encouraging
a mindset of continuous learning, exploration of new algorithms, research papers, attending conferences, and
engaging in ML communities helps individuals stay current and adapttadeancements.

Table 3. The Machine Learning Education Framework with learning outcomes and definitions

Know what machine learning is (and is not). Understand the entire pipeline of the creation of ML
systems.

Identify when to use a range of ML methods across the breadth of the field (e.g. k-nearest

2. Knowledge of ML methods neighbours, CARTs or decision trees, neural networks, ensemble methods). Understand how
different methods work.

Understand that systems can be biased, and the different levels and ways in which bias can be
introduced.

Understand that ML systems can have widespread positive and negative impacts. Consider the
ethical, cultural and social implications of what they do.

1. General ML knowledge*

3. Bias in ML systems*

4. Societal implications of Al*

1. ML problem scoping Determine which problems can and should be solved by ML.

2. ML project planning Plan a solution which is sensitive to both technical and contextual considerations.

3. Creating ML artefacts Use tools to create appropriate artefacts.

4. Analysis of ML design Describe the explicit and implicit design intentions of an ML system. Critically analyse the
interactions and results* intentions against how the system can and should be used.

5. ML advocacy* Critically discuss ML policies, products and education.

6. Independent out-of-class

learning Students seek learning experiences outside the classroom.

1. Interest Students are engaged and motivated to study the topic.

Students contribute to and learn from a community of peers and/or broader online
communities who are interested in ML.

3. Self-efficacy Students are empowered to build new, meaningful things.
4. Persistence Students continue and expand their engagement with ML.

2. Identity and community

*The starred items are the six requited courses outlined in the framework.

RESPONSIBLE Al / ETHICAL Al

Al has a wide range of applications and many demonstrable benefits. For instance, Al provided important insights and
issued alerts early in the COVID pandemic. However, the use of Al also raises a number of ethical considerations. Bias
can be introducednto Al through the datasets used and the choices of developers, leading to discrimination. Due to
elements such as the hidden layers of some types of Al, the processes and factors in Al-deigigncannot be seen,

checked or redressed by humans, magsissues in terms of explainability and transparency. Other challenges include
balancing the use of personal data with the individual right to privacy; the security of data and potential exposure to
cybercrime; and the reinforcement of prior beliefs byL | f 32 NAGKYA o6 aSR 2y dzaSNJ Ay
SELI&dNE (2 ARSF& FyR AYTF2NNIGAR2Y FYRTI &42YS | NBHdSS AYT¥
et al., 2021). The First Draft of the Recommendation on the Ethics atiattiftelligence (UNESCO, 2020) highlights some

of the key ethical challenges of Al, and sets out ten principles for ethical Al:

Proportionality and no do harm suggest that Al should have legitimate objectives and aims that are appropriate
to the contextand based on rigorous scientific foundations.
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Safety and security suggest that Al should not cause damage and must protect against security risks throughout
its life cycle.

Fairness and nodiscrimination suggest that Al systems should avoid bias, artchtitess to Al and its benefits

should be shared at national, local and international levels, and be equally distributed without preference for
WASET 3ASYRSNI fFy3dzd 3ST NBEAIA2YT LRfAGAOIE @aNJ 2 (K.
2NASY Gl GA2Yy T 3ISYRSNIARSYGAGET LINPLISNIET O0ANIKT RA&L

Sustainability suggests that the social, cultural, economic and environmental impact of Al technologies should be
continuously assessed in the context of shifting goals.

Privacy suggests that data for Al is collected, used, shared, archived and deleted in ways that protect the
AYRAGARdAzZIE F3SyOe 2F RFGF &adzowaSOdas FyR (KFG Wi S3IACL
personal data.

Human oversighand determination suggest that humans or other legal entities bear responsibility for Al ethically
and in law.

Transparency and explainability suggests that people should be aware of when decisions are based on Al
algorithms, and that individuals and sakentities should be able to request and receive explanations for those
RSOAaA2yas AyOfdzZRAy3d AyairdakKia Aydz2 FrOU2NAR YR RSO
the subprocesses leading to outcomes, should be understandableéiaNd OS| 6 f $> | LILINR LINRA I G S

Responsibility and accountability reinforce the principle of human oversight and determination, and suggests
that impact assessment, monitoring, and due diligence mechanisms should be in place to ensure addguntab
for Al systems. Auditability8 must be ensured.

Awareness and literacy refer to the responsibilities of governments as well as the public sector, academia and
civil society to promote open and accessible education and other initiatives focused amehsgections of Al
FYR KdzYly NAIKGEAZ Ay 2NRSNI G2 SyadaNB GKIFIG wrtt YSYo

A a4 oA X 4 oA X

L aeaidsSvya FyR 0SS LINRPGSOGSR FNRY dzyRdzS Ay Ff dzSyO0SQo

Multi-stakeholder and adaptive governance and collaboration suggests dtaes should regulate data
generated within and passing through their territories; that stakeholders from a broad range of civil
organisations, and the public and private sector should be engaged throughout the Al life cycle; and that
measures need to be adopted to allow for meaningful intervention by marginalised groups, communities and
individuals.

[Al FOR ALL

LYRAIFQA bldaGAz2ylf {dNXGS3e F2NI I NOLAFAOALFE LydaSttAas,
approach is to leverage exponential technologies toward inclusive growth, develop poptdatitsmAl slutions
for societal needs and leverage India's unique position to be a global leader for inclusive technologies.

The National Education Policy 2020 acknowledges the importance of Artificial Intelligence (Al) and emphasises
on preparing students for anl Adriven economy. The policy focuses on making education more experiential and
future-oriented, building crucial skills such as data analysis, computational thinking etc. from a young age through
teaching of contemporary subjects such as Artificial Igfetice.

An Al driven economy requires rigorous programs and interventions to address current and future Al skill gaps
and empower a larger netechnical audience with Al social skills and tech skills for real world applications.

Il 2y Q06fS t NAYBRARYAGZKISNI BFNBYRNI a2RAX I dzyOKSR I yS
awareness on Thursday, July 29, 2021. This program is driven by the Central Board of Secondary Education,
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Ministry of Education, Government of India, in collaboratioch WK Ly G St L y RHholrdselfdbiced, C2 NJ
micro-learning program aimed to help demystify Al for the general public. The program is divided into two
sections: Al Aware, and Al Appreciate. Both sections can be completed in about four hourdimneduces

the participant to Al and helps them to realise that Al mimics Human intelligence. Mohépet//ai-for-
all.in/#/home.

ENTERPRISE LEVEL/ SEGRERIFIC NISE CASES

According to a recent McKinsey survBg%of organisations are using Al inlaast one business function. To integrate

Al there is a need to identify how Al can serve the business, including the possible use cases. Some common use cases

covering marketing, sales, customer services, security, data, technology, and other procesasgjreder: Some details
of these are given iAnnexurelV.

Operations ‘\ ﬁ Marketing

Stilas /—Anqutics

100+ Al Use
HR ——e Cases &
Applications

e———Tech

Data > HealthTech

CustomerJ \ Autonomous

Service Things

SUMMARY & RECOMMENDATIONS

AI-BASED PROFILES

The future career prospects in Al are highly promising and diverse. As Al continues to advance and permeate various
industries, the demand fgorofessionals with Al skills is growing rapidly. As in the case of software development involving
different types of languages, software engineering, quality assurance, etc. work in Al also requires different profiles.

Depending on the competences acquiked G KS | OF RSYAO LI GK F2tft26SR YR 2ySQ

adopted.Here are some relevant profiles in Al:

il

Al Researcher/ScientistThis role involves pushing the boundaries of Al by conducting cwgtigg research,
developing nevalgorithms, and creating innovative Al models.

Machine Learning EngineeML engineers develop and deploy machine learning models, optimise algorithms,
and work on data pipelines to ensure efficient and effective machine learning systems.

Data Scientist Data scientists analyse and interpret complex data sets, apply statistical and machine learning
techniques to derive insights, and develop predictive models for business applications.

Al Architect Al architects design and develop scalable and efficiesygtems, including selecting appropriate
algorithms, defining the system architecture, and ensuring seamless integration with existing infrastructure.
Natural Language Processing (NLP) EngindeP engineers focus on developing Al systems that can uaddyst
interpret, and generate human language. They work on tasks like sentiment analysis, language translation,
chatbots, and text generation.

Computer Vision EngineerThese professionals work on developing Al systems capable of analysing and
understandingvisual information, such as image recognition, object detection, and video analysis.

Speech Technologists
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1 Al Product ManagerAl product managers oversee the development and implementation of Al solutions. They
collaborate with crosfunctional teams, deéfe product strategy, and ensure that Al applications align with user
needs and business goals.

1 Al Ethicist With the growing ethical concerns surrounding Al, Al ethicists help organisations navigate the ethical
implications of Al technologies, ensuringpensible and unbiased development and deployment.

1 Al Consultant Al consultants provide guidance to organisations on implementing Al strategies, identifying Al
opportunities, and leveraging Al technologies to optimise business processes and deggion

1 Al Entrepreneur Some individuals choose to start their ownfédused ventures, developing innovative Al
solutions, products, or services to address specific market needs.

Al TALENT FRAMEWORK

TAXONOMY OF KEY AREAS; TARGET GROUPS, AND LEVELS

In order to formulate the curricula for different courses and the depth of knowledge in various subjects, we categorise
various courses/ programmes under the following key focus areas:

Technology fecific (Algorithms, LLMs, etc.)

Infrastructure Specific (GPUs, specialised Accelerators, Cloud, HPC, etc.)

Application Specific (Sectorial, Domain eft)ybrid professionals who are specialists in their domain and Al
Best Practices (Ethical / ResponsiBl)

Al Users (nottechnical manpower trained to understand/use/contribute to the datasets)
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Awareness (Sectoral Opportunities, Threats, etc.)

Curricula design for various specific courses should look at these categories and choos@ ®ogics A RSNA Y 3 (1 KS ¢
prior background, the job profiles intended as outcome, and the competence available to the institution. However, core
topics should not be dropped due to resources and other constraints; efforts should be made to upgradstithiéanal
mechanisms so that this can be achieved.

The following provides a tefevel categorization of subjects under core topics.

Technology Specific Areas Infrastructure Specific Areas
Generative Adversarial Network&ANS) Highperformance Computing (HPC)
Natural LanguagProcessing (NLP) for Cloud Computing Resources
Indian languages Training Datasets and Benchmarking
Explainable Al (XAl) GPU Clusters
Al Ethics and Responsible Al Distributed Computing Frameworks
Al and Robotics Al Development Environment
Deep Reinforcement Learning Edge Computing for Al
Transfer Learning Automated Machine Learning
Swarm Intelligence (AutoML) Platforms
Knowledge Graphs Alpowered Reommendation Systems
Quantum Machine Learning Alpowered Computer Vision Systems
Al in Cybersecurity Aldriven Simulation and Modelling Tools
Al and IoT (Internet offiings) Quantum Computing Resources for
Quantum Al
Al-powered Robotics Platforms
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Core Areas

Hybrid Areas Best Practices

LLMs)
(GPUs,
Accelerators,

Technology
Specific
(Algorithms,
Infrastructure
Specific
Cloud, HPCs)
Application
Specific
(Sectorial
Domain etc)

Sub-Category

Al Awareness

FinTech
Automafive
Healthcare

Education
Governance

Military / \WWeaponry

Beginner Level
Intermediate Level
Beginner Level
Intermediate Level
Transportation
Al Appreciation
Sectoral Opportunities
Al Users (for datasets)

Beginner Level
Intermediate Level
Advance Level

Advance Level
Advance Level

Ethics / Responsible Al
Faculty/ Teacher Training
Finishing Schools

Research PhDs (Multi-disciplinary)

Engineering | Diploma | B.Tech i W.Jech | Diploma | BJech | M.Jech Electives / Minor Degree programs retrofitted
Higher ti

< Non-Engg. Electives Electives Electives Electives (cross-pollinated) retrofitted | e
=1

Vocational Skilling Le-LT LeL7 LE-LT L4 - L7 (incl. Hybrid QPs) retrofitted -8
{NSQF afigned - o
Level6-8) | RelUp-Skilling LeL7 LeL7 LeLT L4 - L7 (incl. Hybrid QPs) retrofitted > | =

o

K12 Clasgs 8-12

o
-

Lawmakers / Govt. Officials

Lawmakers /
All Govt. Officials

Scientists/ Scientists/ Scientists/ Line Ministries/ Departments
Tech Officer Tech Officer Tech Officer

Ilass Awareness

Advocacy; Seminars;
Workshops, etc.

Notes:

The above chart indicates NSQF levels as per the existing NOB@Rszer, considering that Al skilling is to
start from school levels, there is a need to enable lower NSQF lé&ets.for noRSTEM graduates, lower levels
might be more appropriateThose pursuing a specialization other than Al would also need Abskippropriate
levels.

The National Credit Framework creates an equivalence between skilling and academic credentials towards
earning creditsWith a design that is flexible, an alwaypdated list of qualifications and NOSs can be made
available on IndiaAl to enable institutions, organizations and training providers to align to national standards.
The framework should be flexible enough to ingorate industry courses and those recognized as relevant by
industry.

CURRICULUM FRAMEWQR&EY AREAS

Al curriculum can vary depending on specific learning goals, background, and available resources. What is fair for a forum
like IndiaAl to do is to givspecific guidelines, and bring out the relevant topics which are appropriate to be covered. Note
that this needs to be updated periodically, to cater to changes taking place in the field. With that caveat, a comprehensive
Al curriculum typically covers¢ following key areas:

il

Fundamentals of AlThis includes understanding the basic concepts, principles, and techniques of artificial
intelligence, machine learning, and deep learning.

Mathematics and StatisticsA strong foundation in mathematics and s#titts is crucial for understanding the
algorithms and models used in Al. Topics such as linear algebra, calculus, probability, and statistics are important.
Machine Learning Supervised and unsupervised learning techniques, regression, classificatiderirgdyls
dimensionality reduction, and evaluation methods, including popular algorithms like decision trees, support
vector machines, and neural networks.

Deep LearningStudying neural networks in depth, including architectures like convolutional neunabries

(CNNSs), recurrent neural networks (RNNs), and generative adversarial networks (GANSs), including learning about
frameworks such as TensorFlow, Keras and PyTorch.

Natural Language Processing (NLPgchniques for understanding and processing humaguage, including

text classification, sentiment analysis, named entity recognition, and machine translation. This is important,
considering that a large proportion of data one encounters in many domains is in textual form.
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1 Computer Vision Understanding irage and video processing techniques, object detection, image recognition,
and semantic segmentation, including learning about popular libraries like OpenCV.

1 Reinforcement LearningDelving into the area of training agents to make sequentggisions through rewards
and punishments, including the study algorithms such dsathing and policy gradients.

1 Al Ethics and Responsible :AEthical implications of Al technologies, bias in data, and the responsible
development and deployment of Aystems.

COURSES IN Al SHOULD BE COUPLED WITH:

1 Practical ProjectsHandson projects for applying the knowledge gained, including working onwedd Al
problems and building new models and applications.

I Continual Learning Al is a rapidly evolving fieldso staying ujo-date with the latest research papers,
conferences, and developments is also important.

The recommendations of the Committeat to the competencies/ curriculum at various levels, viz, School, Vocational
level, Diploma, Minor Degree, B.Tech, M.Tech, Ph.D. including training for lawmakers, Govt. Officials and mass awareness
are as under:

SCHOOL LEVEL (CLASSES 8

* Al Project cycle, 3 * Include Al Ethics * Reduce the * Collection of projects Existing Curriculum for E_IGS§ES_STD 10-
Domains — Computer frameworks (such as dependence on python  built by students aligned - Atesi//chseacodemic.nic.in/web
L. . . . . . . material/Curriculum20/Al Curricul
vision, Data Science, Bioethics) along with and mathematics with SDGs um Handbook, pdf
Natural Language more relatable Al use- * More emphasis onlow e Asia Pacific and Japan 2. htips://chseacademic.nic.in/skill-
Processing; cases and activities code/ no code Region: https://change education-books.html
Applications and * Elaborate social Impact e Introduce/add cloud- makers.digitalreadiness. . o
. . . . . https://aim_gov.in/images/AloT-
impact, Ethics, privacy, of Al in detail with based tools for org/ Integration-Manual.pdf
and pitfalls; Creation of examples on Al for SDGs Al/ML/DL * Global: https://chseacademic.nic.infweb mate
Social impact projects e Enable youth to create https://changemakers.di ffﬂI/C[iff"‘CUf“mm/Af Integration Man
- a . . - . . ual.pdf
aligned with SDGs social impact projects gitalreadiness.org/2022/ hetps://ehseacademic.nic.in/web mate
s GPUs, CPUs, and VPUs; lobal rialfCurriculum20/Al_Integration Man
cloud computing; Al ¢ Problem Scoping - Problem statement - Data Acquisition - Data Exploration - ual Introduction.pdf
packages — scikit-learn Graphical Representation of data/ building models - Neural networks - 3 domains
etc.; Jupyter of Al — Data, Computer Vision & Natural language Processing - Al Applications
notebooks, neural * Thinking skills - Problem Solving skills - Decision making Skills - Social Skills-
networks Teamwork - Leadership - Effective Communication Skills - Oral & Written

Presentation Skills
* Ability to use Al powered Tools - Identifying linkage of Al Applications with
knowledge systems
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| DIPLOMA (NOEENGINEERING)

Technology Sector-Specific Applications

Fundamentals of Al None required Usage of tools like ChatGPT/Bard  Certificate Course in Artificial

= Usage of Al in the vertical etc. Intelligence (Al)
* Future Trends of Al in by * Usage of data annotation tools, o .
i . . https://futureskillsprime. futureskillsp
et o e rime.in/hw/buy/MP0090189013114
= Fundamentals of Ethicsin Al * Microsoft Office, especially Excel g5, 0o=18/imit=5&tab=info

¢ Understanding of Al across
other technologies

¢ Usage of horizontal tools
across industries

*CDAC Pune Al Model Curriculum for
FutureSkills Prime certification

|MINOR DEGREE/ ELECTIVES

Technology m Sector-Specific Applications

Deep Learning: advanced neural network Workstations with
architectures and algorithms. CPUs

Al in Business: how Al can be applied to business operations, marketing, and
decision-making.

Computer Vision: image and video processing,
object recognition, and computer vision
applications.

Reinforcement Learning: algorithms and
techniques for training intelligent agents to
make decisions in dynamic environments.
Natural Language Processing: techniques for
processing and understanding human
language.

Data Mining: extracting patterns and insights
from large datasets.

Robotics: integration of Al and robotics,
including autonomous systems and robot
control.

Ethical & Legal Implications of Al: ethical,
social, and legal considerations surrounding
the use of Al technologies.

Big Data Analytics: techniques for processing
and analyzing large-scale datasets efficiently.

Alin Finance: applying Al techniques to financial data analysis, risk
assessment, trading strategies, & fraud detection in the finance industry.
Al in Healthcare: Al applications in healthcare, such as medical image
analysis, disease diagnosis, drug discovery, and patient monitoring.

Al in Retail: the use of Al in retail for demand forecasting, customer
segmentation, personalized marketing, and recommendation systems

Al in Manufacturing: Al applications in manufacturing processes, quality
control, predictive maintenance, and supply chain optimization.

Al in Agriculture: the use of Al for crop yield prediction, disease detection,
precision farming, and smart agriculture technologies.

Al in Energy: Al techniques for energy consumption optimization, predictive
maintenance of energy infrastructure, and renewable energy resource
management.

Al in Transportation: Al applications in autonomous vehicles, traffic
management, route optimization, and logistics planning.

Al in Customer Service: Al-powered chatbots, virtual assistants, sentiment
analysis, & customer experience optimization in the service industry.

Al in Cybersecurity: the use of Al for threat detection, anomaly detection,
network security, and data protection in the cybersecurity domain.

|GRADUATE LEVEL (B.TECH)

Linear Algebra

Statistics and Probability

Data Structures
Fundamentals of Al( (+
knowledge of atleast one Data
Sc. programming language

Workstations with CPUs,
Servers with multiple
processors, multiple
accelerators (GPUs, ASICs),
Access to a Cloud (AWS,
Azure, GCP)

(python/R) + one deep Learning
Tool (TensorFlow/PyTorch))
Visualization tools like shiny,
plotly, PowerBI

Usage of Al in the vertical
Future Trends of Al in the
vertical

Integration of Generative Al
applications with User
applications, Regional/Natural
Language Interface, Robotic
Process Automation

Ethics in Al

Core Domain knowledge e.g. Mechanical
Engineering, Electronics Engineering, Law,
Finance

Structured thinking through fundamentals
of mathematics

Data Structures, Data Interpretation, Data
Analytics

Programming Skills

Communication Skills

Awareness of technology and its
applications

Awareness of Ethicsin Al

Cloud Relevant Skills

Machine Learning

Using Al/GenAl tools

AICTE Data

Model Curriculum for UG
courses in CS Engineering

1. Al & Data Science
https://www.aicte-
india.org/sites/default/files/
Model Curriculum/C5%20(Al
DS).pdf

Al & Machine Learning
https://www.aicte-
india.org/sites/default/files/
Model _Curriculum/CS%20(Al
&ML).pdf
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Prabability and Stochastic Workstations with
processes CPUs, Servers with

* Foundations of Machine multiple processors,
Learning accelerators (GPUs,

* Data Structuresand ASICs), HPC lab with
Algorithms several multi-

* Matrix Theory accelerator nodes,

* Advanced Data Structuresand  Access to a Cloud (AWS,
Algorithms Azure, GCP)

¢ Deep Learning

* Kernel methods

* Bayesian Data Analysis

¢ NLP, Computer Vision, Text
Processing, Speech Systems,
Image and Video processing,
Computer Vision for
Autonomous Vehicles, Parallel
and Concurrent Computing,
Distributed Computing

|PG LEVEL & RESEARCH (M.TECH/MS/PHD)

Technology Infrastructure Sector-Specific Applications

Healthcare Industry: models & algorithms for medical image
analysis, clinical decision support systems, drug discovery,
patient monitoring, & personalized medicine.

Finance & Banking Industry: financial forecasting, fraud

detection, algorithmic trading, credit scoring, risk assessment,

customer relationship management.

Manufacturing & Industrial Automation: process
optimization, predictive maintenance, quality control, supply
chain management, robotics.

Retail & E-commerce Industry: personalized marketing,
demand forecasting, inventory management,
recommendation systems, customer sentiment analysis.
Transportation & Logistics Industry: use of Al for route
optimization, demand prediction, fleet management, traffic
control, and autonomous vehicles.

Energy and Utility industry: energy consumption
optimization, predictive maintenance of infrastructure, grid
management, renewable energy integration, and demand-
response systems.

Telecommunications Industry: optimize network
performance, predictive maintenance of infrastructure,
customer churn prediction, and network security.

IIT Hyderabad
(Department of Al)
M.Tech Al Curriculum

https://ai.iith.ac.in/p
rograms/mtech_ta.ht

ml

https://aiiith.ac.in/m
tech-
admissions.html#fmte
chTA

IIT Hyderabad
(Department of Al)
Ph.D. Al Curriculum

https:
rograms,

ai.iith.ac.in,
hd.html

MASS AWARENESSAWS COURSES

Al Appreciation Program

References

‘Al For All' - a self-learning online program designed to raise public awareness about Artificial Intelligence. It
aims to demystify Al for people from all walks of life - a student, a stay-at-home parent, a professional in any

field, a senior citizen - basically, anyone interested in getting acquainted with it and wanting to build a ‘Digital

First Mindset'- https://ai-for-all.in

Al for ALL program for public Al
awareness - https://ai-for-all.in

AWS Courses

*  Machine learning for business challenges

*  AWS foundations: machine learning basics

*  Building a machine learning ready organization

* Introduction to the art of machine learning

*  Exploring the machine learning toolset

* Introduction to machine learning: art of the possible

*  Machine learning essentials for business and technical
decision makers

*Machine learning for leaders

*  Planning a machine learning project

*  The machine learning process

+  Accessibility audit

+ https://explore.skillbuilder.aws/leam/course/external fview/elearnin

References

'349/machine-learning-for-business-challenges

+  https://explore.skillbuilder.aws/leam/course/external fview/elearnin

'118/aws-foundations-machine-leaming-basics

* hitps://explore.skillbuilder.aws/leam/course/external fview/elearnin

organization
* https://explore.skillbuilder.aws/leam/course/interal fview/elearnin

of-the-Possible
* https://explore.skillbuilder.aws/learn/course/internal fview/elearnin

+  https://explore.skillbuilder.aws/leam/course/external fview/elearnin

of-the-possible
*  hitps://explore.skillbuilder.aws/leam/course/external fview/elearnin

business-and-technical-decision-makers

*  https://explore.skillbuilder.aws/leam/course/external fview/elearning/309/machine-learning-for-leaders

* https://explore.skillbuilder.aws/learn/course/internal fview/elearing /6351 fplanning-a-machine-learning-project

*  https://explore.skillbuilder.aws/learn/external-ecommerce;view=none;redirectURL=?ctldoc-catalog-O=se-

%22The%20machine%20learning%20process¥22
+  https://explore.skillbuilder.aws/leam/external-acommerce;view=none;redirectURL=2ctldoc-catalog-O=se-

%22Accessibility%20audit?%22
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|LAWMAKERS /| GOVT. OFFICERS TRAINING

ﬂ Al Appreciation Learning Objectives
Programs/ Courses
1.

Digital India Dialogue + Level 1workshops which are general in nature and open to all levels of Government Leaders https://digitalindiad
+ Level 2 workshops are designed specifically for Senior Government Leaders |a|0gues.negd.|n[
Level 3workshops are highly technical in nature and, hence, are designed for Technical Leaders (Policy, Program,

and Projects - Director, Consultant, and Technical Implementation Teams).

Introduction to Emerging * Gain a conceptual understanding of different Emerging Technologies such as Data Science, Machine Learning,

Artificial Intelligence, Computer Vision, Natural

Language Processing, Drones, Blockchain and Internet of Things

Understand the applications of different Emerging Technology (ET) for Governance

Identify work-problems where use of ET can provide a solution. Wadhwani Institute
Appreciate the limitation of ET and where it may not be prudent to use these technologies. of Technology &
Learn a framework for executing emerging technology projects. Policy

Data Driven Decision Understand the need and applications of data driven decision making. https://witp.wfglob
Making for Government + |dentify work-problems where use of selected emerging technologies can provide a solution. al.org

Series for Leaders

Technologies (ET)

Understand the nuances of data collection and feature engineering to generate better insights.
Appreciate the limitation of emerging technologies and in which areas it may not be prudent to use these
technologies.

Conduct detailed visual analysis on data to find patterns and make data driven decisions.

Understand the applications of different Al for Governance

Identify work-problems where use of Al can provide a solution.

Appreciate the limitation of Al and where it may not be prudentto use these technologies.

Appreciate bias and ethical issues.

Understand a typical workflow in executing an Al project.

Al for Digital
Transformation

An understanding of generative Al & Large Language Models (LLMs), including their applications & significance in today's

technological landscape.

A clear understanding of the similarities and differences between Generative Al and LLMs.

The ability to identify work-related challenges that can be addressed using Generative Al and Large Language Models.

An appreciation of the limitations of Generative Al and LLMs, & the importance of being mindful of ethical considerations.

The ability to evaluate situations & determine whether Generative Al and LLMs are appropriate for addressing specific Wadhwani
challenges. Institute of
An understanding of generative Al and Large Language Models, including their applications and significance in today's Technology &

Prompt Engineering for
Generative Al technological landscape. Policy
A deep understanding of promptengineering & its importance in generating better output from Generative Al & LLMs.

ChatGPT and Other
Generative Al Tools for
Digital Transformation

-

-

An appreciation of the iterative process of prompt engineering and how it can be used to refine and optimize the output.  https://witp.wiglo
The ability to identify & apply the best practices for prompt engineering to generate need-specific solutions for various bal.org
applications.

An understanding of how to effectively identify work-related challenges that can be addressed using Generative Al & LLMs.
Understand the fundamental concepts of Al and the ethical concernsit raises.

Appreciate the complexities and ethical quandaries created by Al, including issues of bias, marginalization, opacity, job
displacement, liability, IP breaches, and data privacy.

Recognize and identify ethical challenges relevant to Al and understand their implications.

Familiarize with principles for the responsible management of Al systems, government perspectives through

papers/reports, and international policies/regulations.

Develop strategies for mitigating risks associated with Al, including transparency, data privacy, audit measures,

strengthening research, dispute resolution, liability management, and risk-based regulation.

-

Ethical Al for Good
Governance

.

CURRICULUM REPOSITORY

In fields like this,curriculum needs rapid upgradation. For reference, sample curriculum being used currently
are shared in the report.

A central curriculum repository could be part of the IndigAttal. Institutions can share their curriculum.
Any valid user can login and share comments/suggestions.

Model curriculums can be selected from this pool, and incentivised.

A curriculum committee may be formed with experts from academia, inydest which may post
recommendations on changes in curricula.
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LEARNING SPECTRUMNHANCEMENTS

Applicationoriented skilling for Indispecific problem solving to be given priority at the higher education level.

Higher education students to bencouraged to carry out projects in Al staps to create a witwin ecosystem
for Indian startups and students.

Entrepreneurship courses in Al to be introduced to undergraduate students to encourage and support a startup
culture.

Organizations like CDARIELIT can conduct short term courses for reskilling those who want to move into Al
and also to contribute to faculty upgradation.

IndiaAl portal can publish list of offerings and schedule regularly.

QUALITY OF FACULTY/ TRAINERS

As mentioned earlier, quigy of faculty involved in Al related subjects is a significant concern. Unless this is
brought under control, large scale development of quality human resources could be a challenge. The following
are some recommendations towards improving and sustaithigy We need t@nsure that the training received

by potential faculty is authentic and coupled with a good amount of industry exposure.

Providing a curated list of certified /recognized training programs as part of IndiaAl is recommended. Such
certifications should have a time validity, to ensure these institutions update their curriculum, pedagogy, tools
and faculty. Itis recommended thaculty teaching Al related courses recalibrate and upgrade themselves every
2 years. It will be the responsibility of the parent institution to do this. Accrediting agencies can be recommended
to consider this suitably for Al related accreditations.

A mechanism to provide industry internships for faculty can be formulated, through a faotésnship-portal.

A 2month internship once every-2 years can help build synergy between industry and academia. Depending
on the work carried out by the faculty such internship, joint IPR and publications can be targeted. This activity
could also be brought under CSR permissible schemes.

LEVERAGING COLLABORATIVE & COMPETITIVE ECOSYSTEM

Post Graduate / Research

“Shared repository” — A
“Play with Al” —A Virtual Al . collaborative repository
o . Al based Coding Bootcamps o T o
labs to facilitate Al Literacy ase g p which is similar to GIT for a
secured research
q il . “Mentor ME” — A platf
National level competitive “Al Fest” — A technical event - prattorm
A 7l . . for aspiring students to
examinations such as “Al to showcase various projects .
Olympiad” by students connect with researchers
and developers in Al
“Inspire with Al“— A “Showcase my Al Skills” — A “Solve Al Problems” — A
program to showcase Al coding and learning platform for industries to
based socially relevant environment for higher share Al based research
projects to students education students problems to aspirants
“Al Connect” — A place for “IPR in Al” a space for
Teacher Training & students to connect with researchers to freely access
Awareness Programs on Al Startups, Researchers etc. on latest publications, patents

Emerging Areas and books in Al
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RESEARCH IN Al

Research fellowships, about 10@@nually. OR 100 institutions get grant to build research capability (Bet 2
institutions)

An international level conference/journal in Al to provide an affordable platform for our researchers
Research mentorship for selected 1000 resealtiiess
All Al related thesis at Masters and PhD level to be made available from India Al portal (motivation, quality, fe:

etc)

All Al scholars encouraged to build good datasets and share with the community

VINDIA SPECIFIC Al RESEARCH COMMUNITY

IndiaAl portal and initiative can become an India specific Al community in similar lineggifhg face$o address various
national chakknges, data sharing and associated constraints, effective infrastructure utilization mechanisms, research
result sharing, etc.

WAY FORWARD

Artificial intelligence has now become an integral part of our everyday lives and a variety of jobs. Recognigiag/this

and projected impact, Al education is being integrated into all offerings, such as engineering, businesses, sciences,
humanities, and even the arts. As it permeates all aspects of modern life, it will be incorporated into all academic
disciplines ad will become an essential component of all education.

The recommendations in this report are intended to better prepare the Indian workforce in general, and students in
particular, for opportunities in Al and related fields. Being different from trad#leengineering in many ways, we have
included the law makers, bureaucrats and common citizens in the scope of Al awareness, to ensure a balanced vision of
this field. By adopting and implementing these strategies, it is expected that all stakeholders vemdfit through the
LINPLI2EASR GCNIYS@g2Nl ¢ GKFG OFGdS3I2NRAaSa O2dzNASak LINEINI Y:

1 Technologyspecificg dealing with algorithms, LLMs, etc.

1 Infrastructurespecificg covering the high computational requirements for Al systémetiding GPUs, specialised
accelerators, Cloud, HPC, etc.

1 Applicationspecificg sectoral and domain specific techniques.

Bestpracticesg ethical Al, responsible Al, etc.

1 Alusers ¢ nontechnical manpower trained to understand/use/contribute to datasetanagement,
configurations, etc.

1 Awarenesg Broad view of opportunities, threats, and challenges.

==

Ly GKA& NBIINRZ AG A& Sy@raarzySR GKIG GKS aaz2RSt [/ dzNNR C
of Al, mathematics and statiss, machine learning, deep learning, NLP, computer vision, reinforcement learning, Al ethics,
practical projects, and continual learning aspects, would be of immense value to all stakeholders, including the MoE; UGC;
AICTE; MoSDE; CBSE/ State Educatiam®dzector Skill Councils (SSCs); Startups/ MSMEs/ Industries, etc.
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Through synergy of capabilities and capacities at HEIs (Higher Education Institution); TVETs (technical and vocational
education and training); TAFEs (technical and furddrcation), EdTech Institutions & Schools, including the network of
ITls and polytechnics across India, it is expected that an institutional mechanism would be established at IndiaAl to

promote a collaborative and competitive ecosystem for Al educationraséarch in India.

Annexurec |: Qualification Packs (QPs) and National Occupational Standards (NOS) for Al & Big Data

Analyst

Level Core NOS Al Best Practices
Level 6 | NOS 810%Import data as per Variety of techniques to import data into datasets or data

specifications frames.

NOS 8102Preprocess data as per Variety of techniquedo preprocess data i.e. clean and

specifications transform the data

NOS 8103 erform exploratory data Variety of techniques to perform exploratory analysis to

analysis as per specifications describe and summarize data for internal and external
clients.

NOS 810®€efine business outcomes an

create visualizations from results of the | Defining business outcomes from results of a statistical

analysis analysis and create visliEations to report them

NOS 811%reate new databases Creating new databases for internal and external clients.

NOS 811éMaintain existing databases | Maintaining existing databases for internal and external
clients.

NOS 811‘Manage dathase access and

configuration Managing access rules and configurations for databases
internal and external clients.

NOS 8118/1anage computing cluster

administration Managingaccess rules and configurations for computing
clusters for internal and external clients.

NOS 812@evelop tools, processes and

mechanisms for continuous integration | Developing tools, processes and mechanisms to assist

and delivery continuous delivery and integration of developed solutions

101] Al - Data Quality| https://nsdcindia.org/sites/default/files/SSCQ8101 { https://nsdcindia.org/sites/default/files/MC_SSCQ8101- Al

Data Quality Analyst V1 21 01 2019.pdf

Data%20Quality%20Analyst 26.10.2018.pdf

101

Al - Data Quality

https://nsdcindia.org/sites/default/files/SSC_Q8101|

https://nsdcindia.org/sites/default/files/MC_SSCQ8101 Al%Z

Administrator v2

Analyst v2 Al _Data Quality Analyst V2 16 04 2020.pdf %20Data%20Quality%20Analyst -@P0 22092020.pdf

M2 | Al - Business| https://nsdcindia.org/sites/default/files/SSCQ8102 4 https://nsdcindia.org/sites/default/files/MC_SSCQ8102 V1.0|
Intelligence -Business_Intelligence Analyst V1 21 01 2019.p( |-Business%20Intelligence%20Analyst 26.10.18.pdf
Analyst

1021 Al - Business| https:/nsdcindia.org/sites/default/files/SSC_Q8102| https://nsdcindia.org/sites/default/files/MC_SSCQ8102 Al%2
Intelligence Al_Business_Intelligence Anstiw2 16 04 2020.pq %20Busiass%20Intelligence%20Analyst -QP
Analyst v2 f V2.0 22092020.pdf

109 Database https://nsdcindia.org/sites/default/files/SSC_Q8109| https://nsdcindia.org/sites/default/files/MC_SSCQ8109 Al%2

Database Administrator V2 16 04 2020.pdf

%20Database%20Administrator OR.0 22092020.pdf

112

DevOps Enginee
v2

https://nsdcindia.org/sites/default/files/SSC_Q8112]

https://nsdcindia.org/sites/default/files/MC_SSCQ8112 Al%Z

DevOps Engineer V2 16 04 2020.pdf

%20DevOps%20Engineer -PR0O_22092020.pdf
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https://nsdcindia.org/sites/default/files/SSCQ8101_AI_Data_Quality_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8101_AI_Data_Quality_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8101_AI-Data%20Quality%20Analyst_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8101_AI-Data%20Quality%20Analyst_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8101_AI_Data_Quality_Analyst_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8101_AI_Data_Quality_Analyst_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8101_AI%20-%20Data%20Quality%20Analyst_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8101_AI%20-%20Data%20Quality%20Analyst_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/SSCQ8102_AI-Business_Intelligence_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8102_AI-Business_Intelligence_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8102_V1.0_AI-Business%20Intelligence%20Analyst_26.10.18.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8102_V1.0_AI-Business%20Intelligence%20Analyst_26.10.18.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8102_AI_Business_Intelligence_Analyst_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8102_AI_Business_Intelligence_Analyst_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8102_AI_Business_Intelligence_Analyst_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8102_AI%20-%20Business%20Intelligence%20Analyst_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8102_AI%20-%20Business%20Intelligence%20Analyst_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8102_AI%20-%20Business%20Intelligence%20Analyst_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8109_Database_Administrator_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8109_Database_Administrator_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8109_AI%20-%20Database%20Administrator_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8109_AI%20-%20Database%20Administrator_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8112_DevOps_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8112_DevOps_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8112_AI%20-%20DevOps%20Engineer_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8112_AI%20-%20DevOps%20Engineer_QP-V2.0_22092020.pdf

Level

Core NOS

Al Best Practices

Level 7

1 NOS 8108 pply predesigned
algorithmic models to specified us
cases

1 NOS 810&valuate risk of deployin
algorithmic models

1 NOS 810Evaluate busines
performance of algorithmic models

1 NOS 812Collect and define busines
requirements by interacting  with
clients.

TNOS 8llMaintain existing datg
architectures

T NOS 8llimplement data storage
network solutions

1 NOS811Develop dataintegrations as
per specifications

1 NOS 811Maintain existing
architectures for solutions

1 NOS 8l1PDefine data governanc
processes and structures

1 NOS 812Evaluate technica
performance of algorithmic models

1 NOS 812Develop software code tq
support depbyment of algorithmic
models

1 Applying a variety of prelesigned algorithmic models t
specified use cases for internal and external clients.

1 Evaluating the risks in deploying algorithmic models
developing mitigation measures for internal ai
externalclients.

1 evaluating the performance of deployed algorithm
models at meeting expected business outcomes

1 Identifying the requirements of internal and extern
clients.

1 Maintaining existing data architectures for internal a
external clients.

9 Designing, implementing and maintaining a mu
vendor data storage network solution for internal af
external clients.

1 developing integrations for ensuring data availability
analytical or operational uses

1 Maintaining existing architectures for solutis for
internal and external clients.

9 This unit is about defining data utilization ar
governance processes for the team or organization

1 Measuring the technical performance of algorithm
models for deployment.

9 Developing software code to support the depinent of
algorithmic models to meet specific requirements a
constraints.

SSC/| Al

- Data

Q81 | Scientist v2

04

https://nsdcindia.org/sites/default/fil | https://nsdcindia.org/sites/default/files/MC_SSCQ8104 Al%20

es/SE Q8104 Al Data_Scientist V| %20Data%20Scientist 2.0 22092020.pdf

16_04 2020.pdf

SSC/| Al - Applied
Q81 | Scientist

https://nsdcindia.org/sites/default/fil | https://nsdcindia.org/sitesfiefault/files/MC_SSCQ8105 V1.0 Al%20

es/SSCQ8105 Al %20Applied%20Scientist Elective%20%E2%80%93%20Model%20Risk%20A

05 Applied Scientist V1 21 01 2019.[| nt%20%20Model%20Business%20Performance%20%20Visualizations 26.10.3
f df
SSC/|Al - Data | https://nsdcindia.org/sites/default/fil | https://nsdcindia.org/sites/default/filess/MC_SSCQ8106 V1.9 Al

Q81 | Engineer

06

es/SSCQ8106_-Al Data%20Engineer_26.10.2018.pdf

Data Engineer V1 21 01 2019.pdi

SSC/| Al

- Data

Q81 | Engineer v2

https://nsdcindia.org/sites/default/fil | https://nsdcindia.org/sites/default/files/MC_SSCQ8106 Al%20

es/SSC_0Q8106 Al Data Engineer | %20Data%20Engineer @R.0 22092020.pdf

06 16 04 2020.pdf
SSC/| Al - | https://nsdcindia.org/sites/default/fil | https://nsdcindia.org/sites/default/filess/MC_SSCQ8109 V1.9 Al

Q81 | Database
09 Administrat

or

es/SSCQ8109 Al Database%20Administrat_Elective%20%E2%80%93%20Traditional%20Databg

Database Administrator V1 21 01 | %20Clusters 26.10.2018.pdf

SSC| Al-

Security

/Q8 | Analyst

110

2019.pdf
https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/files/MC_SSCQ8110 V1.0 Al
les/SSCQ8110 Al Security%20Analyst 26.10.2018.pdf

Security Analyst V1 21 01 2019,
f
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https://nsdcindia.org/sites/default/files/SSC_Q8104_AI_Data_Scientist_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8104_AI_Data_Scientist_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8104_AI_Data_Scientist_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8104_AI%20-%20Data%20Scientist_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8104_AI%20-%20Data%20Scientist_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/SSCQ8105_AI-Applied_Scientist_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8105_AI-Applied_Scientist_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8105_AI-Applied_Scientist_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8105_AI-Applied_Scientist_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8105_V1.0_AI%20-%20Applied%20Scientist_Elective%20%E2%80%93%20Model%20Risk%20Assessment%20%20Model%20Business%20Performance%20%20Visualizations_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8105_V1.0_AI%20-%20Applied%20Scientist_Elective%20%E2%80%93%20Model%20Risk%20Assessment%20%20Model%20Business%20Performance%20%20Visualizations_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8105_V1.0_AI%20-%20Applied%20Scientist_Elective%20%E2%80%93%20Model%20Risk%20Assessment%20%20Model%20Business%20Performance%20%20Visualizations_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8105_V1.0_AI%20-%20Applied%20Scientist_Elective%20%E2%80%93%20Model%20Risk%20Assessment%20%20Model%20Business%20Performance%20%20Visualizations_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSCQ8106_AI-Data_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8106_AI-Data_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8106_AI-Data_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8106_V1.0_AI-Data%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8106_V1.0_AI-Data%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8106_AI_Data_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8106_AI_Data_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8106_AI_Data_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8106_AI%20-%20Data%20Engineer_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8106_AI%20-%20Data%20Engineer_QP-V2.0_22092020.pdf
https://nsdcindia.org/sites/default/files/SSCQ8109_AI-Database_Administrator_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8109_AI-Database_Administrator_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8109_AI-Database_Administrator_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8109_AI-Database_Administrator_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8109_V1.0_AI-Database%20Administrator_Elective%20%E2%80%93%20Traditional%20Databases%20Clusters_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8109_V1.0_AI-Database%20Administrator_Elective%20%E2%80%93%20Traditional%20Databases%20Clusters_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8109_V1.0_AI-Database%20Administrator_Elective%20%E2%80%93%20Traditional%20Databases%20Clusters_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSCQ8110_AI-Security_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8110_AI-Security_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8110_AI-Security_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8110_AI-Security_Analyst_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8110_V1.0_AI-Security%20Analyst_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8110_V1.0_AI-Security%20Analyst_26.10.2018.pdf

SSC| Al - Data | https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/files/MC _SSCQ8111 V1.0 Al
/Q8 | Steward les/SSCQ8111 Al Data%20Steward 26.10.2018.pdf
111 Data Steward V1 21 01 2019.pdi
SSC| Al - Devops| https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/files/MC SSCQ8112 V1.9 Al
/Q8 | Engineer les/SSCQ8112 Al DevOps%20Engineer 26.10.2018.pdf
112 DevOps Engineer V1 21 01 2014
df
SSC| Al - | https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/filessMC SSCQ8113 Al
/Q8 | Machine les/SSCQ8113 Al Machine%20Learning%20Engineer_26.10.2018.pdf
113 | Learning Machine Learning_Engineer V1 2]
Engineer 01 2019.pdf
SSC| Al - | https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/filessMC SSCQ8113 AN62
/Q8 | Machine les/SSC Q8113 Al Machineatnin | %20Machine%20Learning%20Engineer\@M 22092020.pdf
113 | Learning g_Engineer V2 16 04 2020.pdf
Engineer v2
SSC| Al - | https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/filess/MC_SSCQ8114 V1.9 Al
/Q8 | Hardware les/SSCQ8114 Al Hardware%20Engineer 26.10.2018.pdf
114 | Engineer Hardware Engineer V1 21 01 20]
9.pdf
SSC| Al - | https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/default/filess'MC_SSCQ8115 V1.9 Al
/Q8 | Integration | les/SSCQ8115 Al Integration%20Engineer Model%20Curriculum_29.10.2018.pdf
115 | Engineer Integration Engineer V1 21 01 2(
19.pdf
SSC| Al - Test| https://nsdcindia.org/sites/default/fi | https://nsdcindia.org/sites/defaulfiles/MC_SSCQ8116 -Al
/Q8 | Engineer les/SSCQ8116 Al Test%20Engineer 26.10.18.pdf
116 Test Engineer V1 21 01 2019.pd
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https://nsdcindia.org/sites/default/files/SSCQ8111_AI-Data_Steward_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8111_AI-Data_Steward_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8111_AI-Data_Steward_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8111_V1.0_AI-Data%20Steward_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8111_V1.0_AI-Data%20Steward_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSCQ8112_AI-DevOps_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8112_AI-DevOps_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8112_AI-DevOps_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8112_AI-DevOps_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8112_V1.0_AI-DevOps%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8112_V1.0_AI-DevOps%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSCQ8113_AI-Machine_Learning_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8113_AI-Machine_Learning_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8113_AI-Machine_Learning_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/SSCQ8113_AI-Machine_Learning_Engineer_V1_21_01_2019.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8113_AI-Machine%20Learning%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8113_AI-Machine%20Learning%20Engineer_26.10.2018.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8113_AI_Machine_Learning_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8113_AI_Machine_Learning_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/SSC_Q8113_AI_Machine_Learning_Engineer_V2_16_04_2020.pdf
https://nsdcindia.org/sites/default/files/MC_SSCQ8113_AI%20-%20Machine%20Learning%20Engineer_QP-V2.0_22092020.pdf
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Level Core NOS Al Best Practices
Level 8 T NOS 8104 1 Perform research and design
- Perform research and design of algorithmic models variety of algorithmic models fo
T NOS 8109 internal and external clients
- Design new datarchitectures as per specifications | 1 Design new data architectures fq
T NOSS8113 internal and external cligs.

- Design new solution architectures as per specificati{ 1 Define and describe an architectu
of a system delivered in context of
specific solution
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10 t df
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C/ Data t/files/SSCQ8107 Al %20Data%20Architect Elective%2@%iB0%93%20Data%20Storage%20Network|
Q8 Archite Data_Architect V1 21 01 2019 %20%20Data%20Integrations 26.10.2018 0.pdf

10 ct df

7
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C/ Data t/files/SSC_Q8107 Al _Data Arclf %20Data%20Architect Q2.0 22092020.pdf

Q8 Archite tect V2 16 04 2020.pdf

10 ctv2

7

SS Al - https://nsdcindia.org/sites/defaul https://nsdcindia.org/sites/default/files/MC_SSCQ8108 V1.0 Al

C/ Solutio t/files/SSCQ8108 Al Solution%20Architect 26.10.2018.pdf

Q8 n Solution_Architect V1 21 01 20

10 Archite 19.pdf

8 ct

SS Al - https://nsdcindia.org/sites/defaul https://nsdcindia.org/sites/default/files/MC_SSCQ8108 Al%20

C/ Solutio t/files/SSC_Q8108 Al _Solution 4 %20Solution%20Architect Q2.0 22092020.pdf

Qs n chitect V2 16 04 2020.pdf

10 Archite

8 ctv2
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ANNEXURE Il: A SAMPLE GENAI GRADUATE LEVEL COURSE

A detailed 16week course curriculum for a graduate student to learn how to build generative Al models for various
modalities, along with the prerequisites for the course. Tlisveek course curriculum covers a wide range of topics
related to generative Al models across different modalities, including text, image, audio, VR/AR, and robotics. Students
will gain a solid understanding of the underlying concepts and techniqueséd/ol building generative models and will

have the opportunity to apply this knowledge to reabrld problems.

Prerequisites:

1 Proficiency in Python programming language
1 Good understanding of calculus, linear algebra, and probability theory
1 Experience \th deep learning concepts and frameworks (such as PyTorch or TensorFlow)

Natural Language
Processing with
Generative
Models

Weeks Topics Covered
Week 12: Introduction to generative models, including generative adversarial networks (GANS), varia
Introduction to auto encoders (VAH, and autoregressive models
Generative
Models Fundamentals of probability theory, statistical inference, and optimization
Training basic generative models for text, image, and audio data using PyTorch
Evaluation metrics for generative models
Week 34: Advanced generative models, including deep convolutional GANs (DCGANdjastdeGANS
Advanced (StyleGANS), and BigGANs
Generative
Models Techniques for stabilizing and improving GAN training, such as spectral normalization, hing
and progressive growing
Building generative models for video and VR/AR applications, including temporal GANs an
video prediction models
Building generative models for audio data, including WaveGAN and SampleRNN
Week 56: Introduction to natural language processing (NLP) with generative models

Building language models, including recurrent neural networks (RNNs) and transformers
Text generation using GR2Tand GP-B

Text summarization and language translation using sequémsequence models

Week 78: Image
and Video
Generation

- Building image generation models uswayiational autoencoderéVAES)
- Imageto-image translation using cyet®nsistent adversarial networks (CycleGANS)
- Video generation using GANs aatiational autoencodergVAES)

- Applications of image and video generation, such as stgsmlution, image inpainting, and
video prediction

Week 910: Audio
Generation

Building audio generation models using WaveNet and GANs

Music generation using LSTM and transformers
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Weeks Topics Covered

Speech synthesis using Tacotron and WaveNet

Applications of audio generation, such as audio style transfer and voice conversion

Week 1112: Introduction to virtual reality (VR), augmentedatity (AR), and robotics with generative mode
VR/AR and
Robotics Building generative models for 3D objects and environments

Applications of generative models in VR/AR, such as VR/AR content creation and telepres

Building generative models for robotics, including robtion planning and control

Week 1314: Flowbased models, including RealNVP and Glow
Advanced Topics

in Generative Attention-based models, including Transformer and GPT
Models

Meta-learning with generative models

Recent advances in generative mtgleesearch

Week 1516: Final project involving the application of generative models to aweald problem, such as
Project image or audio generation, text or language modeling, or VR/AR content creation

Students will be required to present their warka final project report and demo

Course on building generative Al models for natural language processing (NLP)
Detailed 16week course curriculum for a graduate student to learn how to build generative Al models for natural language
processing (NLP) tasks, along with the prerequisites for the course:

Prerequisites:

Proficiency in Python programming language

Godl understanding of calculus, linear algebra, and probability theory

Experience with deep learning concepts and frameworks (such as PyTorch or TensorFlow)

Familiarity with NLP basics, such as text-pmecessing, tokenization, padf-speech tagging, nandeentity
recognition, text classification and sentiment analysis

=A =4 =4 =

Weeks Topics Covered

Week 12: Introduction to NLP and deep learning for NLP

Introduction to
NLP with Deep | Building a simple text classifier using neural networks

Learning ) . . L .
Introduction to word embeddings and their applications in NLP tasks
Training word embeddings using Word2Vec and GloVe
Week 34: Introduction to recurrent neural networks (RNNs) and their applications in NLP tasks
Recurrent
Neural Long &ort-term memory (LSTM) and gated recurrent unit (GRU) cells
Networks for . _ I
NLP Training RNNs for language modeling and sequence classification tasks

Sequenceo-sequence models and their applications in machine translation and text
summarization
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Weeks Topics Covered

Week 56: Introduction to attention mechanisms and their applications in NLP tasks
Attention

Mechanisms Attention-based models, including Transformer and BERT

and

Transformer Training Transformebased models for text classification, sentiment analysis, and question
Models answeing tasks

Applications of Transformesased models in NLP, such as language modeling and text generg

Week 78: Introduction to generative language models, includingram models and sequence models
Generative

Language Auto-regressive modelfor text generation, including GRPTand GPB

Models

Conditional language modeling with transformers and GANs

Applications of generative language models, such as text completion, language translation, g
guestionanswering

Week 910: Multi-task learning with NLP models
Advanced
Topics in NLP | Transfer learning in NLP, including {raining and finetuning
Domain adaptation with NLP models

Adversarial attacks and defenses in NLP

Week 1112: Introduction to conversational Al and chatbot design

Building

Chatbots and | Building rulebased chatbots using natural language understanding and generation tools
Conversational . .

Al Endto-end chatbot design using neural networks and sequence models

Evaluation metrics for chatbots and convelisatil Al systems

Week 1314: Introduction to speech recognition and speech synthesis
Speech
Recognition Building automatic speech recognition (ASR) systems using deep neural networks

and Synthesis o .
Building textto-speech (TTS) systems using WaveNetTawbtron

Applications of speech recognition and synthesis in NLP, such as speech translation and voi

assistants
Week 1516: Final project involving the application of generative NLP models to avadd problem, such as
Project language translation,iatbot design, or speech recognition

Students will be required to present their work in a final project report and demo

This 16week course curriculum covers a wide range of topics related to generative Al models for NLP tasks. Students will
gain a soll understanding of the underlying concepts and techniques involved in building generative NLP models and will
have the opportunity to apply this knowledge to reabrld problems.
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ANNEXURE IIl: A SAMPLE CURRICULUM FOR DATA SCIENCE

Curriculum used in one of the engineering colleges in the area of data science is enclosed as a reference. It shows an
indicative list of topics in such courses, and a neat way to categorise the courses to provide the student a perspective of

the various tacks involved. In most engineering colleges, semester 1 and 2 follows, distigiépendent curriculum to

allow movement across disciplines, and hence these semesters have been omitted here. Usually there are very few

domain courses there.

\Web Engineering (2)

Universal Human Value
(3)

Constitution of India

[ ]

]
[ ]

Here isanother curriculum for specialization in AI/ML. Note the number of application streams featuring in the syllabus.
Different institutions may substitute specific verticals, depending on local context, access to data sources, faculty
competence, market reqtements, etc. Here also, colour coded streams are used to indicate the various streams for ease

Data Analytics & Domain Expertise

Computation

i
Research Based - Others
- Data Managemeant - loT

Fundamentals

sem Ill (20) Sem IV (23) Sem V (21) Sem VI (19) Sem VI (18) Sem VIl (18)
g;ﬂ"’:“f?’(:;“""ge“‘ Machine Leaming - 1 (4) [Machine Learning - Il (4) |[Machine Leaning-Ill (4) |Machine Learning -IV (4) ~[Data Ethics (2)
System Fundamentals |Statistics for Data e . High Performance
) Science (4) Artificial Intelligence (4)  |IP&CV-1 (4) IP&CV-II (4) L
Computer . .
Data Structures (4) |(Communication and Information Security (4)  |Computational Linguistics (4) L.APPIN Dat:&:ema
Networks (4) boratory (1)
Python Laboratory Design and Analysis of  |Programming Language . L
(2=1T+2P) Algorithms (4) Principles Laboratory (2) |2'9 Data Engineering (2)
Foundations of Data Professional and Business
DBMS (4) Engineering (3=2T+2P) |1y 0 (y[le= 00 Paf

E3: Parallel Computing (4)

E4: Quantum Computing
(4)

Environmental Studies

of student understanding and planning.

E1: Probabilistic Graph
Models (4)

E2: Cognitive Nuroscience (4)

E3: Advanced
Computational Linguistics
(4)

E3: Adversarial Machine
Learning (4)

Institute Level Elective-l
(3)

E4: Social Network
Analysis (4)

Institute Level Elective-Il
(3)
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ANNEXURE IV: SOME DOMAIN SPECIFIC USE CASES

OPERATIONS

1 Cognitive / Intelligent AutomatianCombinerobotic process automation (RPwjth Al to automate complex
processes with unstructured informatiomigitize your processes in weeks without repladegpcy systems
GKAOK OFy GF1S @SINE® . 2G4 OFy 2LISNIGS 2y €S3F0e ae.
Increase your efficiency and profitability ratios. Increase speed and precision, and many-ealreee tacheck
intelligent automation use casdsr more.

1 Robotic Process Automation (RPA)plementation Implementing RPA solutions requires effort. Suitable
processes need to be identified. If a rulessed robot will be used, the robot needs to be programmed.
9YLX 28SSaQ ljdzSadAz2ya yWwByRmosi 2BompaBes tey someSINB Ridextetnil thélp. A
Generally, outsourcing companies, consultants, and IT integrators are happy to provide temporary labor to
undertake this effort.

1 Process Mimg: Leverage Adlgorithmsto mine your processes and understand your actual processes in
detail. Process mining toolsan provide fastest time to insights about youriagprocesses as demonstrated
in case studiesCheck ouprocess mining use cas&sbenefitsfor more.

1 Predictive MaintenancePredictively maintain your robots and other machinery to minimize disruptions to
operations. Implement big data analytics to estimate the factors that are likely to impact your future cash flow.
Optimize PP&E spending by gaining insighgarding the possible factors.

1 Manufacturing AnalyticsAlso called industrial analytics systems, these systems allow you to analyze yo
manufacturing process from production to logistics to save time, reduce cost, and increase efficiency. Keep your
industry effectiveness at optimal levels.

1 Inventory & Supply Chain Optimization: Leverage machine learning to take your inventory& sugiply ch
optimization to the next level. See the possible scenarios in different customer demands. Reduce your stock,
keeping spending, and maximize your inventory turnover ratios. Increase your impact factor in the value chain.

1 Robotics: Factory floors are atnging with programmable collaborative bots that can work next to employees to
take over more repetitive tasks. Automate physical processes such as manufacturing or logistics with the help of
advanced robotics. Increased your connected systems by centgatizé whole manufacturing process. Lower
your exposures to human errors.

1 Collaborative RobotCobots provide a flexible method of automatiddobots are #xible robots that learn by
YAYAOTAY3A KdzYl'y 62N] SNEQ 0SKI @A 2N

9 Cashierless CheckouSBelfcheckout systems have many namddey are called cashierless, casfiiee, or
automated checkout systems. They allow retail companies to serve customers in their physical stores without
the need for cashiers. Thnologies that allowed users to scan and pay for their products have been used for
almost a decade now, and those systems did not require great advances in Al. However, these days we are
witnessing systems powered by advanced sensors and Al to identifhgeed merchandise and charge
customers automatically.

1 Invoicing Invoicing is a highly repetitive process that many companies perform manually. This causes human
errors in invoicing and high costs in terms of time, especially when a high volume of documents needs to be
processed. Thaj companies can handle these repetitive tasks with Al, automate invoicing procedures, and save
significant time while reducing invoicing errors.
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GENERAL SOLUTIONS

|l

Analytics Platform: Empower your employees with unified data and tools to run advaragdses. Quickly
identify problems and provide meaningful insights.

Analytics Services: Satisfy your custom analytics needs with these e2e solution providers. Vendors are there to
help you with your business objectives by providing turnkey solutions.

Automated Machine Learning (autoMUYlachines helping data scientists optimize machine learning models.
With the rise of data and analytics capabilities, automation is needed in data science. AutoML automates time
consuming machine learning tasks, enablinghpanies to deploy models and automate processes faster.

SPECIALIZED SOLUTIONS

1 GeoAnalytics Platform: Enables analysis of granular satellite imagery for predictions. Leverage spatial data for
your business goals. Capture the changes in any landscabe dly.
I Conversational Analytics: Use conversational interfaces to analyze your business data. Natural Language
Processing is there to help you with voice data and more. Automated analysis of reviews and suggestions.
f RealTime Analytics: Redlime Analyics for yourtimed Sy a A G A @S RSOAaAA2yad ! OO GAYS
Use machine learning to explore unstructured data without any disruptions.
1 Image Recognition and Visual Analytisealyze visual data with advanced image and video recognition systems.
Meaningful insights can be derived from the data piles of images and videos.
1 ECommerce Analytics: Specialized analytics systems designed to tiedhevexplosion of &éommerce data.
Optimize your funnel and customer traffic to maximize your profits.
. ! v ' v ! v | _w [ |
Engineering Mathematics- | Statistics for Engineers Digital Signal and Image Processing Computer Vision Reinforcement Learning Language models
Eaginesving Mathemativs i Laborstory)  Statistics for Englneers Lah Digital Signal and Image Processing Lab Computer Vision Lab Reinforcement Learning lab FEL)
Data Structures and Algorithms Artificlal Intelligence Machine Learning-li{Deep Learning) Lab Natural Language Processing MLops Probabilistic Graph model
CDE R B DD 2D prE L Sl Machine Learning-ll{Deep Learning) Lab Natural Language Processing Lab MLops Lab Probabilistic Graph model lab
Database Management Systems Machine Learning-1 i e mar e et sage! rogect tagel
Database Management Systems Lab Machine Learning- Lab DevOps Lab Time series analysis Lab
Programming Laboratory-Ill{Full stack
. Computer Networks and Security development using python) Bigdata Lab Robotics-1| Robotics-ll
L DR T I Computer Networks and Security Lab Environmental Studies f::m comminicstion Eneinesrne Robotics-|l Lab Robotics-lll Lab
pros DR ;gif::ﬂzsﬂfg?;:?."Iﬂgfimm"\s) L Tl ) ikl G statistics-Il Computational statistics-IIl
Operating Systems Lah Uinkeesal | Hism an Valtes) Cloud Computing Robotics-1 Computational statistics-Ii Lab Computational statistics-lll Lab
Programming  Laboratory | [Python O A oy
Programming) Cloud Computing Lab Robotics-I Lab AIML in Healthcare-1l AIML in Healthcare-lll
Innovative Product Development | (A) Innovative Product Development Il (A] 420004 Data Structures and algorithms  Computational statistics-| AIML in Healthcare-1i Lab AIMLin Healthcare-lll Lab
S D Advanced Data Structures and algorithms Lab  Computational statistics-| Lab _—
Recommendation systems Lab AIML in Healthcare-| Lab
Humanities ‘ |AIML ‘ |Ele|:tives | |Cnmputer | |ProiEct | ‘ Mathematics ‘_
| MARKETING
1 Marketing analyticsAl systems learn from, analyze, and measure marketing efforts. These solutions track media

activity and provide insights into PR efforts to highlight what is driving engagement, traffic, and revenue. As a
result, companies can provide better and more accuraterkating services to their customers. Besides PR
efforts, Alpowered marketing analytics can lead companies to identify their customer groups more accurately.
By discovering their loyal customers, companies can develop accurate marketing strategiesoaredaadget
customers who have expressed interest in products or services before. Feel free to read more about marketing
analytics with Al fronthis article
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Personalized Marketind:he more companies understand their customers, the better they serve them. Al can
assist companies in this task and support them in giving personalized experiences for customers. As an example,
suppose YowA aAGSR +y 2yftAyS ad02NB yR £221SR Fd | LINERc
product in digital ads. More than that, companies can send personalized emails or special offers and recommend
yS6 LINPRdAzOG& GKIG 3F2skf2y3d gAGK OdzaG2YSNBRQ Gl ads
ContextAware Marketing: You can leveragmchine visiomndnatural language mcessing (NLR)
understand the context where your ads will be serv@dith contextaware advertising, you can protect your

brand and increase marketing efficiency by ensuring your message fits its context, makingrstgés on the

web come alive with your messages.

PRESALES / SALES

1

Sales Forecastingl allows automatic and accurate sales forecasts based on all customer contacts and previous
sales outcomes. Automatically forecast sales accurately based on all @rstumtacts and previous sales
outcomes. Give your sales personnel more sales time while increasing forecast acdemsieit Packard
EnterpriseindicatesthatA i Kl & SELISNASYOSR | pE AYyONBI&S Ay TF2NB(
sales forecasting tools.

Lead generationUse a comprehensive data profile of your visitors to identify which companies your sales reps
need to connect. Generate leads for your sales reps leveraging databases and social networks

Sales Data Input Automatiobata from various sources will be efflessly and intelligently copied into your

CRM. Automatically sync calendar, address book, emails, phone calls, and messages of your salesforce to your
CRM system. Enjoy better sales visibility and analytics while giving your sales personnel momaesales t

Predictive sales/lead scoringse Al to enable predictive sal&core leads to prioritize sales rep actions based

2y tSIR a02NBa FyR O2ydl O4 FIrOG2NA® {FfSa TFT2NBOF&;
granular access to lead@es and sales rep performance. For scoring leads, these systems leverage anonymized
transaction data from their customers, sales data of this specific customer. For assessing contact factors, these
systems leverage anonymized data and analyze all custoomtacts such as email and calls.

Albased agent coachin@oth Al andemotion Alcan be leveraged to coach sales reps and customer service
SYLX 288Sa o0& NBalLlRyaSa RdNAy3a fAGS O2yO@SNEFGA2ya 2N
calls suggesting best practiaaswers to improve sales effectiveness.

{+fS48 wSLI bSEG ' OlAaz2zy {dzaA3SadAaz2yay , 2dzNJ &l f Sa NBLHMC
action. This situation wise solution will help your representatives to find the right way to deatheitissue.

Historical data and profile of the agent will help you to achieve higher results. All are leading to more customer
satisfaction.

Sales Content Personalization and Analyfesferences and browsing behavior of high priority leads are
analyzedo match them with the right content, aimed to answer their most important questions. Personalize

your sales content and analyze its effectiveness allgwipntinuous improvement.

Retail SalesBwt | aS o620a 2y @2dzNJ NBGFAfT Ff22NJ 2 FyasSN Odza
the right custoner by analyzing the profil&omputer visiomwill help you to provide the right action depending

on the characteristics and mimics of the customer.

Meeting ®tup Automation (Digital Assistant)eave a digital assistant to set up meetings freeing your sales reps
GAYS® 5SOARS 2y GKS GFNBSGA (2 LINA2NRGATS FyR 188U
Prescriptive Sales: Most sales processes exist in the mind of your sales repsefslinteract with customers

based on their different habits and observations. Prescriptive sales systems prescribe the content, interaction
channel, frequency, price based on data on similar customers.

Sales ChatbotChatbotsare ideal to answer first customer gstons. If the chatbot decides that it cannot
adequately serve the customer, it can pass those customers to human agents. Let 24/7 functioning, intelligent,
seltimproving bots handle making initial contacts to leads. High value, responsive leads villdoehy live

agents, increasing sales effectiveness.
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SALES ANALYTICS

|l

Customer Sales Contact Analytigsialyze all customer contacts, including phone calls or emails, to understand
what behaviors and actions drive sales. Advanced analytics on all shldataao uncover insights to increase

sales effectiveness

Sales Call Analytics: Advanced analytics on call data to uncover insights to increase sales effectiveness. See how
well your conversation flow performs. Integrating data on calls will help yadetatify the performance of each
component in your sales funnels.

Sales attributionLeverage big data to attribute sales to marketing and sales efforts accurately. See which step
of your sales funnel performs better. Pinpoint the low performing parth®yinsights provided by analysis.

Sales Compensatiobetermine the right compensation levels for your sales personnel. Decide on the right
incentive mechanism for the sales representatives. By using the sales data, provide objective measures, and
continuodza f @ Ay ONBIF &S @&2dzNJ alfSa NBLINBaSyiGldA2SaQ LISNF?2

CUSTOMER SERVICE

1

Social Listening & Ticketing: Leverage Natural Language Processing and machine vision to identify customers to
contact and respond to them automatically or assign themelevant agents, increasing customer satisfaction.

Use the data available in social networks to uncover whom to sell and what to sell.

Intelligent Call RoutingRroute calls to the most capable agents availdblelligent routing systems incorporate

data from all customer interactions to optimize the customer satisfaction. Based on the customer profile and
@2dzNJ | 3Sy (i Q& LIS NSharNDeélrighOserice dvithdthe @ight agent and achieve superior net
promoter scores. Feel free to read case studies about matching customer to right agentémotional Al

examples article

Call Classification: Leveragatural language processing (Nit#)understand what the customer ws to

achieve so your agents can focus on higher valilged activities. Before channeling the call, identify the nature

2F @2dzNJ Odzai2YSNEQ ySSRA FyR €SG GKS NAIKG RSLI NIY
satisfaction rates.

Voice Athentication: Authenticate customers without passwords leveraging biometry to improve customer
satisfaction and reduce issues related to forgotten passwords. Their unique voice id will be their most secure key
for accessing confidential information. Insteaf the last four digits of SSN, customers will gain access by using
their voice.

Call Intent Discovery: Leverage Natural Language Processing and machine learning to estimate and manage
Odza i2YSNDRa AydSyd o6Sd3dx OK dzNybusine§s2metlicy. LIndingest ar@lgsis ( 2 Y ¢
0KNRdzZZ3K GKS Odzaid2 YSNDa o2 redbtiorts & &ite tHe deRisidniakingfodesss S G S O
Explore how chatbotdetect custaner intent in our indepth article on intent recognition

[ dzaG2YSN) { SNIBAOS wSalLkRyasS {dzaA3SadArzyay .26a oAtt {37
improve customer satisfaction and standardize casto experience. Increase upsells and cresks by giving

the right suggestion. Responses will be standardized, and the best possible approach will serve the benefit of the
customer.

Chatbda: Chatbots can understand more complicated queries as Al algorithms improve. Thus, businesses
understand their customers better since chatbots collect information from customers while interacting with
them and spot thei weaknesses. There are other benefits like 24/7 availability and reduced costs, as bots can
handle more tasks as they learn more. All these benefits significantly improve the customer satisfaction of
businesses.

Customer Service Chatbot (SelBervice Sation): Build your own 24/7 functioning, intelligent, sétfiproving

chatbots to handle most queries and transfer customers to live agents when needed. Reduce customer service
costs and increase customer satisfaction. Reduce the traffic on your exisstanter representatives and make

them focus on the more specific needs of your customkérgou want to have more insights on chatbots in
customer service, you can find mdreour aticle on the topic

122


https://research.aimultiple.com/intelligent-call-routing/
https://research.aimultiple.com/emotional-ai-examples/
https://research.aimultiple.com/emotional-ai-examples/
https://research.aimultiple.com/nlp/
https://research.aimultiple.com/chatbot-intent/
https://aimultiple.com/chatbot-platform
https://research.aimultiple.com/customer-service-chatbot/

Call Analytics: Advanced analytics on call data to uncover insights to improve customer satisfaction and increase
efficiency. Find patterns and optimize your results. Analyze customer rettgasgh voice data and pinpoint,

where there is room for improvemengestek indicates thdNG Bank observedlb%increase in sales quality

score and a 3% decrease in overall silence rates after they integrated Al into their call systems.

Survey & Review Analytics: Leverage Natural Language Processing to analyze text fields in surveys and reviews to
uncover insights to iprove customer satisfaction and increase efficiency. Automate the process by mapping the
right keywords with the right scores. Make it possible to lower the time for generating reports. Protobrand states
that they used to do review analytics manually thgbuthe handcoding of the data, but now it automates much

of the analytical work with Gavagai. This helps the company to collect larger quantitative volumes of qualitative
data and still complete the analytical work in a timely and efficient man¥ieu ca read more about survey
analytics fronour related article

Customer Contact Analytics: Advanced analytics on all customer contact data teeumesights to improve
customer satisfaction and increase efficiency. Utilize Natural Language Processing for higher customer
satisfaction rates.

Chatbot AnalyticsAnalyze how customers are interacting with your chatbot. See the overall performance of your
chatbot. Pinpoint its shortcomings and improve your chatbot. Detect the overall satisfaction rate of your
customer with the chatbot.

Chatbot testing Semiautomated and automated testing frameworks facilitate bot testing. See the performance

of your chatbot before deploying. Save your businesmfcatastrophic chatbot failures. Detect the shortcomings

of your conversational flow.
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Data VisualizatianVisualize your data for better analytics and decisitaking. Let the dashboards speak.
Convey your message more easily and more esthetically.

Data Management & MonitoringKeep your data high quality for advanced analytics. Adjust the quality by
filtering the incoming data. Save time by automating manual and repetitive tasks.

Data Integration Combine your data from different sources into meaningful and valuable information. Data
traffic depends on multiple platforms. Therefore, managing this hugdi¢raind structuring the data into a
meaningful format will be importaneep youdata lakeavailable for further analysis.

Data Preparation PlatfornPrepare your data from raw formats with data quality problems to a clean, ready
analyze formatUseextract, transform, and load (ETL) platfortosfine-tune your data before placing it into a

data warehouse.

Data Cleaning & Validation PlatforrAvoid garbage in, garbage out by ensuring the quafityonr data with
appropriate data cleaning processes and tools. Automate the validation process by using external data sources.
Regular maintenance cleaning can be scheduled, and the quality of the data can be increased.

Data Transformation: Transform yodata to prepare it for advanced analytics. If it is unstructured, adjust it for

the required format.

AppDev: App development platforms for your custom projects. Yoinoirse development team can create
original projects for your specific business neédsese platforms will help your team with the necessary tools.

Data LabelingUnless you use unsupervised learning systems, you need high quality labeled data. Label your data
to train your supervised learning systems. Hunmathe-loop systems auto label your data and crowd source
labeling datgpoints that cannot be autéabeled with confidence.

Synthetic DataComputers can artificially create synthetic data to perform certain operations. The simtiaéa

is usually used to test new products and tools, validate models, and satisfy Al needs. Companies can simulate not
yet encountered conditions and take precautions accordingly with the help of synthetic data. They also overcome
the privacy limitato@ | & A0 R2Say Qi SELIZ&aS Fyé NBFE RIFEGED ¢ Kdzas
to simulate future events and consider future possibiliti¥#eu can have more information on synthetic data

from our related article

|I
Py

Hiring Hiring is a prediction game: Which candidate, staytat a specific position, will contribute more to the
company? Machine anecruiting chatbot o6 SG G SNJ RI G LINR OS aRiémplayee®in LI 6 A
various parts of hiring such as finding qualified candidates, interviewing them with bots to understand their fit

or evaluating their assessment results to decide if they should receive an offer.

Performance Managemelt al y I} 3S @2dzNJ SYLJX 285384 Q LISNF2NX¥IyOS S¥
Y2U0AQF A2y d C2ftt2¢ GKSANI Yt reatine fRedback. ZTHENWvoRd: idckedse | NR
SYLX 288S alrdAaaFtlIOGAz2y FYyR t26SN)I @2dz2NJ 2NBFYATFGiAZ2YQ
professional potential with the right tools.

HR Retention Management: Predict which employees are likely tmamd improve their job satisfaction to

retain them. Detect the underlying reasons for their motive for seeking new opportunities. By keeping them at
your organization, lower your human capital loss.

HR AnalyticsHR analytics services are like the voice of employee analysis. Look at your workforce analytics
and make better HR decisions. Gain actionable insights and impactful suggédstionigher employee
satisfaction.

Digital Assistant: Digital assistants are mature enough to replace real assistants in email communication.
Include them in your emails to schedule meetings. They have already scheduled hundreds of thousands of
meetings. Us the power of artificial intelligence in your day to day activities. Your owdesnand powerful
Al-backed assistant is helping you 24/7.
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Employee Monitoring: Monitor your employees for better productivity measurement. Provide objective
metrics to see howwell they function. Forecast their overall performance with the availability of massive
amounts of data.

Building Management: Sensors and advanced analytics improve building management. Integrate 10T systems
in your building for lower energy consumptiondamany more. Increase the available data by implementing

the right data collection tools for effective building management.

Analytics & Predictive Intelligence for Security: Analyze data feeds about the broad cyber activity as well as
behavioraldatsh Yy 8 A RS 'y 2NBFYAT A2y Qa ySié2N] G2 02YS dzLJ
and thwart impending attacks. Integrate external data sources the watch out for global cyber threats and act
timely. Keep your tech infrastructure intact or mimke losses.

Knowledge ManagementEnterprise knowledge management enables effective and effortless storage and
retrieval of enterprise dataensuring organizational memory. Increased collaboration by ensuring the right
people are working with the right data. Seamless organizational integration through knowledge management
platforms.

Natural Language Processing Library/ SDK/ l&Rerage Natural Language Processing libraries/SDKs/APIs to
quickly and coseffectively build your custom NLP powered systems or to add NLP &Gaeald your existing
systems. An iouse team will gain experience and knowledge regarding the tools. Increased development
and deployment capabilities for your enterprise.

Image Recogriitn Library/ SDK/ APleverage image recognition libraries/SDKs/APIs to quickly and cost
effectively build your custom image processing systems or to add image processing capabilities to your existing
systems.

Secure Communications: Protect employee communications like emails or phone conversations with advanced
multilayered cryptography & ephemerality. Keep your industry secrets safe from corporate espionage.
Deception SecurityDeploy decoyassets in a network as bait for attackers to identify, track, and disrupt
security threats such as advanced automated malware attacks before they inflict dakee your data and

traffic safe by keeping them engaged in decoys. Enhance your cyber security capabilities against various forms
of cyber attacks

Autonomous Cyber security Systems: Utilize learning systems to efficiently and instantaneously respond to
security threats, often augmenting the work of security analysts. Lower your risk of human errors by providing
greater autonomy for your cyber security -Bdcked systems can check compliance with standards.

Smart Security Systems:-pdwered autonomous sairity systems. Functioning 24/7 for achieving maximum
protection. Computer vision for detecting even the tiniest anomalies in your environment. Automate
emergency response procedures by instant notification capabilities.

Machine Learning Library/ SDK/ ARkverage machine learning libraries/SDKs/APIs to quickly and cost
effectively build your custom learning systems or to add learning capabilities to yotingxdgstems.

Al Developer Develop your custom Al solutions with companies experienced in Al development. Create
turnkey projects and deploy them to the spicibusiness function. Best for companies with limitechause
capabilities for artificial intelligence.

Deep Learning Library/ SDK/ ABéveragedeep learning libraries/SDKs/APIs to quickly and-effstctively

build your custom learning systems or to add learning capabilities to your existing systems.

Developer Assistance: Assist your developers using Al to help them intelligently access thekoodiledge

on the web and learn from suggested code samples. See the best practices for specific development tasks and
formulate your custom solution. Retine feedback provided by the huge history of developer mistakes and
best practices.

Al ConsultancyProvides consultancy services to support younanise Al development, including machine
learning and data science projects. See which units bmrefit most from Al deployment. Optimize your
artificial intelligence spending for the best results from the insight provided by a consultant.
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AUTONOMOUS THINGS

1 SelfDriving Cars: From mining to manufacturing, -selfing cars/vehicles arancreasing the efficiency and
effectiveness of operations. Integrate them into your business for greater efficiency. Leverage the power of
artificial intelligence for complex tasks.

1 Vehicle Cyber security: Secure connected and autonomous cars and othieleselith intelligent cyber
security solutions. Guarantee your safety by hpokof mechanisms. Protect your intelligent systems from
attacks.

1 Vision Systems: Vision systems for-geifing cars. Integrate vision sensing and processing in your vehicle.
Achieve your goals with the help of computer vision.

1 GNA@GAY3I ! daraidlyay wSldzANBR 02YLRySyia FyR AyaStt.
Implement AlPowered vehicle perception solutions for the ultimate driving experience.

HEALTHTECH

1 Patient Data Analytics: Analyze patient and/or 3rd party data to discover insights and suggest actions. Greater
accuracy by assisted diagnostics. Lower the mortality rates and increase patient satisfaction by using all the
diagnostic data available to datt the underlying reasons for the symptoms.

1 Personalized Medications and Care: Find the best treatment plans according to patient data. Provide custom
tailored solutions for your patients. By using their medical history, genetic profile, you can creastoan
medication or care plan.

1 Drug DiscoveryFind new drugs based on previous data and medical intelligence. Lower your R&D cost and
increase the outputt all leading to greater efficiency. Integrate FDA data, and you can transform your drug
discovery by locating market mismatches and FDA approval or rejection rates.

1 RealTime Prioritization and Triage: Prescriptive analytics on patietd daabling accurate redgime case
prioritization and triage. Manage your patient flow by automatization. Integrate your call center and use
language processing tools to extract the information, priorate patients that need urgent care, and lower your
error rates. Eliminate erroprone decisions by optimizing patient care.

1 Early Diagnosis: Analyze chronic conditions leveraging lab data and other medical data to enable early
diagnosis. Provide a detailed report on the likelihood of the development of ceatisdases with genetic data.
Integrate the right care plan for eliminating or reducing the risk factors.

1 Assisted or Automated Diagnosis & Prescripti®uggest the best treatment based on the patient complaint
and other data. Put in place control mechanisthat detect and prevent possible diagnosis errors. Find out
which active compound is most effective against that specific patient. Get the right statistics for superior care
management.

1 Pregnancy Management: Monitor mother and fetus health to reduceMm®tNBE Q G2 NNA Sa | yR
diagnosis. Use machine learning to uncover potential risks and complications quickly. Lower the rates of
miscarriage and pregnaneglated diseases.

1 Medical Imaging InsightsAdvanced medical imaging to analyze and transform images and model possible
situations. Use diagnostic platforms equipped with high image processing capabilities to detect possible
diseases.

1 Healthcare Market Research: Prepare hospital competitive intelligence by tracking market prices. See the
available insurance plans, drug prices, and manyerpoblic data to optimize your services. Leverage NLP tools
to analyze the vast size of unstructured data.

1 Healthcare Brand Management and Marketing: Create an optimal marketing strategy for the brand based on
market perception and target segment. Toolstloffer high granularity will allow you to reach the specific
target and increase your sales.

1 Gene Analytics and Editing: Understand genes and their components and predict the impact of gene edits.
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Device and Drug Comparative Effectiveness: Analyze dignadical device effectiveness. Rather than just
dzaAy3 aAvdzZ FdAz2zyas GSad 2y 20KSNJ LI GASydGQa RFEGE G2
with benchmark drugs to make an impact with the drug.

Healthcare chatbotUse a chatbot to schedule patient appointments, give information about certain diseases

or regulations, fill in patient infonation, handle insurance inquiries, and provide mental health assistafoee.

can also usntelligent automationwith chatbotcapabilities.

FINANCE & FINTECH

1

Fraud DetectionLeverage machine learning detect fraudulentand abnormal financial behavior, and/or use

Al to improve general regulatory compliance matters and workflows. Lower your operational costs by limiting
your exposure to fraudulent documents.

Insurance & InsurTech: Leverage machine learningrdoess underwriting submissioefficiently and
profitably, quoteoptimal prices manageclaimseffectively, and improve customer satisfaction while reducing
Ozadad 5SGSO0G 22dzNJ Odzadi 2 YSNRA NARA] LINRTFAES | yR LINE
Financial Analytics Platform: Leverage machine learning, Natural Language Processing, and other Al techniques
for financial analysis, algorithmic trading, and other investment strategigools.

Travel & expense managemeritse deep learning to improwata extractionfrom receipts of all types
including hotel, gas station, taxi, grocery receigtise anomaly detection and other approaches to identify
fraud, noncompliant spending. Reduce approval workflows and processigty per unit.

Credit Lending & ScoringJse Al for robust credit lending applicatiotdse predictive models to uncover
potentially nonperforming loans and act. See the potential credit scores of your customers before they apply
for a loan and provide custoailored plans.

Billing: Leverage accessible billing services that remind your customers to pay. Increase your loan recovery
ratios. Ug automated invoice systems for your business.

RobgoAdvisory: Usdl finance chatbot and mobile app assistant application®onitor personal financesSet

your target savings or spending rates for your own goals. Your finance assistant will handle the rest and provide
you with insights to reach financial targets.

Regulatory Compliance: Use Natural Language Processing ¢klygsican legal and regulatory text for
compliancessues andio so at scale. Handle thousands of paperwork without any human interaction.

Data Gathering: Use Al to efficiently gather external data such as sentiment and other 1redalted data.
Wrangle a@ta for your financial models and trading approaches.

Debt Collection: Leverage Al to ensure a compliant and efficient debt collection process. Effectively handle any
dispute and see your success right in debt collection.

Conversational banking-inancial institutions engage with their customers on a variety of communication
platforms WhatsApp mobile app website etc.) via conversational Al tools to increase customer satisfaction
andautomate many tasks like customer onboarding
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INTRODUCTION N ,
oAl computing resourc

Artificial intelligence (Al) has become an increasingeVeSNeIyISReI M oI(=RCTE o e BT NETERE T
important technology for individuals, organizations, arEeliiZ:1g=R0L=1Te BN ISTU]o]ofo)s S o[=YeiF=1 V4=Te VAN
governments around the world. Al enables machines [ERWT¢d(ol-ts R=1als| applications in an efficient

learn from data and experiences, identify patterns, arj I

make decisions with minimal human intervention.
applications are increasingly being used in vario
industries, such as healthcare, finance, transportation, and agriculture, to name a few. In India, Al is being seen as a
potential solution to some of th® 2 dzy 1 NBE Q& Y2aid LINBaaiAy3d OKIftSyasSa Ay KSt

Governance & citizen services, financial services,
disaster management & climate change, public
safety & security, and smart cities & urbanization. oWe need to make Arti

l ndia and Artificial I n

However, the effective implementation of Al in India
requires a strong and robust Al compute capacity. Al
compute capacity referto

OPr i me Mi ni ster Shri N 4
oAl FOR ALLGOG

the infrastructure, hardware, and software needed to process, analyze, and store data required for Al applications. This
includes higkperformance computing (HPC) clusters, specialized accelerators (such as Graphics Procéssirgnsion
Processing Units), data storage systears] networking infrastructure. Al compute capacity also includes the software
tools and frameworks necessary to develop and run Al models efficiently, including programming languages such as
Python and secialized software libraries such &snsorFlowand PyTorch In other words, Al compute capacity is the
backbone of any Al system, and without sufficient compute capacity, it becomes impossible to build and deploy complex
Al models.

Although India has made significant progress in developing its computational capacity, Netioasl Supercomputing

Mission (NSMI GG KSNB Q& aidAftft YdzOK ¢62N)] (2 6S R2ySd ¢KS OSyiNT
have taken inititives to support the growth of Al community in the country. However, challenges such as the need for
more investment in research and development, a shortage of skilled talent, and the lack of infrastructure remain.

Al has the potential to transform multiplsectors of the Indian economy, from healthcare and education to agriculture

and transportation. In healthcare, Al can be used to analyse vast amounts of medical data, making it possible to identify
disease patterns and develop personalized treatmentsnddels can be used to analyse soil samples and weather data

to determine the best time to plant crops, optimize irrigation, and predict crop yisdd. Y RA I Qa OAGA S& 3INEP
cities become more sustainable and habitable by analysing data oictpafiterns, energy usage, and air quality, among
others.

The Government of India, in recent years, has amplified its efforts to improve its Al infrastructure. In June 2018, 1the India
I32OSNYYSyd NBfSIFaSR GKS 02 dzy dliysha avhicyl tlaarky 2gntifiepriodity edtois$od &  F 2 |
Al deployment as healthcare, agriculture, education, smart cities, and mobility. Indizebasactive participanin many

of the new multilateral efforts around Al such as Global Partnership for Artificial Intelligence (GPAI) and is likely to play a
significant role in setting Al standarfld. As the Indian Government moves forward with its plans to invigorate Al based
AYY20lL GA2Y YR 0dzAfR !'L NBIFIRE& AYTNI &G NUzO( dghaBay antl iededNB O A |
future ¢ becomes increasingly important. Without adexfe Al compute capacity, India will struggle to leverage the
potential of Al, and it may fall behind other countries in terms of innovation and competitiveness.

The purpose of this report is to provide a comprehensive overview of the current state ofutatiomal resources and
limitations in India, the challenges and opportunities associated with expanding Al compute capacity and research, and
GKS LRGSYGAFE AYLIOG 2F !'L LW AOFGA2Y A Ay NEBsikerestddy 3 Ly
Ay adzLIR2NIAYy3a GKS INRGgOIK 2F 'L 02YLIziS OF LI OAGe ke LYR)]
report seeks to serve as a guide for stakeholders interested in supporting the growth of Al compute capadityandn
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GLOBALLY Al COMPUTE LANDSCAPE

Al compute infrastructure plays a crucial role in the advancement and deployment of artificial intelligence (Al)
technologies worldwide. It encompasses the hardwa@ftware, and cloud resources necessary to support Al workloads
efficiently. The availability of robust and scalable Al compute infrastructure is vital for enabling complex Al computations,
such as training deep learning models and running Al algorithmesal time.

There has been a huge acceleration in the Al infrastructure over the last few years driven largely by the rise of GPUs and
cloud scale infrastructure. Specialized hardware and software stacks are being built to support training and irdference
large language models or LLMs.

Availability of Al compute infrastructure varies across the globe. For instance, the United States is at the forefront with
numerous supercomputers and higperformance computing (HPC) facilities, including those operate government
institutions, academic research centers, and private entitiésina has also made significant strides in Al compute
infrastructure, boasting several supercomputers and staift¢the-art facilities. According to the November 2028p500

list, there are 34 economies that possess a "top supercomputer" based on the Top500 methodology (Figure 1).
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Figure 1: Top supercomputers by economy according to the Top500 November 2022

Source: OECD (2023), "A blueprint for building national compute capacity for aitifellajence”, OECD Digital

Economy Papers
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United States holds 25%, Germany 7%, Japan 6%, France 5%, and the United Kingdom 3% of the top super computers.

In terms of market share of compute infrastructure and Al, companies like NVIDIA, Intel, AMD, IBM, and Google are leading
this domain. These industrgiants invest heavily in research and development to create-pégformance processors,

graphics processing units (GPUs), Application Specific Integrated Circuit (ASIC) Al chips, and software frameworks. In
addition to onpremises installations, the hdware is available through cloud service providers (CSPs) like Amazon Web
Services, Microsoft Azure, and Google Cloud Platform. These CSPs enable users to access scalable Al compute resource
on- demand, reducing the need for extensive infrastructure inwests and facilitating widespread adoption of Al
technologies. These advancements forecast to bring more than fivefold increase in global Al infra market (Figure 2).
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Global Al Infrastructure Market
Size by 2023 to 2030 (USD Billion)

222.42(BN)
200
MARKET SIZE
CAGR
25.5%
100
50 3614
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 w

_mL SNS INSIDER

Serategy B Jtals

spurce: www.snsinsider com

Figure: Global Al compute infrastructure market size
SourceAl Infrastructure Market (https:ihww.snsinsider.com/reports/anfrastructuremarket2591)

The projected Al infrastructure market size is valued at USD 36.14 billion in 2022 and expected to reach USD 222.42
billion by 2030, and grow at a CAGR of 25.5% over the forecast period-2028[3]

CURRENT STATE OF NATIONAL Al COMPUTE LANDSCAPE

India has a large and young population, a strong digital footprint, a remarkably large startup ecosystem, a robust
telecommunications network, and a growjreconomy. These factors make India a promising market for Al systems and
compute infrastructure. The Indian government has also taken steps to promote the development of Al. It has published
a national strategy for Al, created policies and regulationgHerproliferation of Al and its usage, with the objective to
YI1S LYRAF F 3t26lf tSFRSNIAY 'L 6& uHnond {2YS &altASyi
literacy etc. are mentioned below.

National Al strategy and private séar Al investments:The Indian government has published the National
Strategy for Artificial Intelligence (#AIFOR ALL.) in June 2018. The strategy aims to make India a global leader in
Al by 2030. It includes a number of initiatives to support the develmunof Al talent, research, and
infrastructure. The private sector in India is also investing in Al. In 2022, Indian companies invested $1.5 billion
Ay 'L adlNIldzlJa® D2 @SNYYSy i[4] Hich B a redosiinfyCoK/Sticialirielligence y |
(Al) based initiatives in the country at a single place.

Telecommunications network maturitytndia has a mature telecommunications network. The country has a high
penetration of mobile phones and fixdihe broadband. In 2022, there were 1.15 billion active mobile phone
subscribers in Indif6], and there were 31.7 million fixelihe broadband subscribers.

Level of digital adoption:The country has large and growing digital economy. In 2022, the Indian digital
economy was worth $1.5 trillion. The high level of digital adoption in India provides a strong foundation for the
development and use of Al.

Data and Workforce Al literacyThe country has karge and diverse population, with a growing economy. This
RAGSNEAGE YR INRGgUGK FNBE 3ISYSNIGAYy3I | tFNBS | Y2dzyi
applications. The workforce Al literacy in India is growing as well. The country has margitiesvand colleges

that offer courses in Al. In addition, the Indian government is providing training programs to help workers develop

Al skills.

Geography and access to supply chaifbe country is a member of varioumernational groups, which consists
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and institutional memberships provide it with access to global markets and supply chains.

OVERVIEW OF EXISGINI COMPUTE INFRASTRUCTURE & Al APPLICATIONS

India has witnessed significant growth in its Al compute infrastructure in recent years. Several leading technology
companies, research institutions, and startups have established data centers and computing clusters equipped-with high
performance computingesources. Major cloud service providers, such as Amazon Web Services (AWS), Microsoft Azure,
and Google Cloud Platform, offer-gpecific services and computing instances tailored for machine learning and deep
learning workloads. Additionally, India hakso withessed the emergence of specialized Al startups and research labs
focused on developing Al compute solutions.

The National Supercomputing Missiod b { a0 X fF dzy OKSR o0& (KS D2@SNyyvySyia 27
compute capabilities bystablishing a network of 24 supercomputers and Rugitfformance computing facilitie].

Under this mission, several supercomputing facilities have been deployed acrossupgiasting scientific research and
Alrelated applications.

AIRAWAT, an Abecific cloud computing infrastructure approach paf8r outlines a strategy to build a robust, scalable

'L SO02aeaidiSY Ay LYRAIFI® t!w!la {ARRKAZI 2y G(G(KS 2GKSNJ KI yR:>
Al applications. At the time of writing, this facility is ranked 75th in the top 500 list of Supercomputers in thg3iorld

With this background, we propose a Natiaide Al infrastructure in the subsequent chapter.

PARAM Siddhi __IA| Storage RDMA Network
210 Al PF Cloud

AIRAWAT-PSAI
410 Al PF Cloud

AIRAWAT-PSAI Systems
will be integrated with
SU-3 == = = SU-09 Su-10 PARAM Siddhi-Al Cloud

SU-2
i ‘ toreach upto
BEOa & A7
n (1000 Al PF)
Cloud Infrastructure
SU-Scalable Unit

Figure: Existing Al compute infrastructure

1 AIRAWATPSAIAs a410 Al Petaflopél-specific cloud computing infrastructure. It emphasizes on the need for
scalablecompute and storage resources, efficient data handling, robust privacy and security protocols, and
extensive software libraries for Al.

i PARAM SiddhAl: PARAM Siddhi is210 Al Petaflopsighperformance computing resource that can handle
complex Alworkloads It has a multitude of cores and a massive amount of memory, making it ideal for training
large, complex Al models.
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CHALLENGES AND LIMITATIONS FACED IN CURRENT Al COMPUTE CAPACITY

Despite the progress in Al compute infrastructure, there are several challenges and limitations that need to be addressed:

Infrastructure AccessibilityRural areas and smaller cities facalbdnges imccessing advanced computing

resources, limiting their ability to participate fully in-diven initiatives.

Cost and Affordability: Highperformance
computing resources can be expensive,

making it challenging for startups and small *
businesses to invest in Alcompute
infrastructure.

Skilled Workforce:There is a shortage of Al
experts and data scientists with the required
knowledge and expertise to optimize Al
workloads on compute infrastructure.

Data Privacy and SecurityEnsuring rbust
data privacy and security measures is essenti
to build trust and comply with regulations.

Scalability and Future ReadinessAs Al
workloads and data volumes continue to grow
exponentially, there is a need to develop
scalable and futurgeady Al compte

infrastructure. {
f

Addressing these challenges and limitations will be |
crucial to maximize the potential of Al compute

, |
OF LI OAle YR RNAGS LYyRAIFIQa !'L SO2aeaisSYy F2Nyl V\,RCD

FUTURELAB Al ARCHITECTURE

Setting up FutureLab Al compute infrastructure through pubticate partnerships (PPPs) can be a strategic
approach to leverage the expertise and resources of both the government and private sector.

|. L wEYEIEWOFFUTURELARIDISTRIBUTEDOMPUTING INFRASTRUREU

The overarching infrastructureomprises of the thredayered systems, higand computeinfrastructure, inferencearm,

FyR SR3IS 02YLMziS GKIFG | NBE adNI GS3A O lefdirémeni Aeflidientl. oTts! S R
distributed architecture ensures that users can seanflessnsition between these resources while harnessing their

distinct capabilities.

To facilitate smooth data exchange and collaboration across these distributed components, the secure distributed data
grid plays a pivotal role. The data grid acts aslkasb and secure framework, enablingers to upload, download, and

exchange large datasets and Al models seamlessly.

The Al infrastructure can be established with current/latest generation of X86 processing, Latest generation accelerators
or Chipto-Chip CPUGPU with CP{GPU and GRGPU > 400 Gbh/s bandwidth), High Throughput Storage, High Speed

Network, Cloud enabled software infrastructure and secure Data Centre ecosystem.

FutureLab#\l Compute Infrastructure is essentially-tied architecture where, we can divide the infrastructure into three
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distinct layers, each with its specific roles and responsibilities. This approach allows for efficient scaling, managedment, a
maintenance bthe Al infrastructure.

TIER1: HIGEEND COMPUTE

1 Purpose:Highend compute infrastructure refers to powerful and higherformance systems equipped with
top-of-the-line hardware and software components designed to handle computationally intensive tasks like Al
model mixed precision training piteaining & finetuning, largescale model training. This central compute
platform is designed to handle largeale model training, such as Language Models (LLMs), Generative Al with
multi-billion parameters, and GPTs.

1 PerformanceThe Tier 1 facility boasts an impressi@eRkaflops of Al computing power, equipped with 10,000
GPUs in a single cluster.

1 HighPerformance Storage200 PB

1 Function:It serves as the primary resource for training resotirtensive models, capable of accommodating
thousands of GPUs for paralleljgessing.
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Figure: Al Compute Architecture

TIER2: MIERANGE COMPUTE

1 Purpose:These Al Compute platforms are strategically distributed across four geographical denledsa,
namely North, South, East, and West.

1 Performance:Each Tier 2 center has a capacity of 3 Exaflops of Al computing power, equipped with 750 GPUs
for Al Training and an additional 1,000 GPUs for Inferencing tasks.

1 HighPerformance Storaget00 PB

1 Function:Tier 2 centers support both Al training and inferencing tasks for their respective regions, reducing
latency and improving accessibility to Al resources.
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Figure: 3 Tier Al Compute and Inference Infrastructure

| TIER3: EDGE COMPUTE

1 Purpose:For users with limited compute resources and smaller datasets, the edge compute resource proves
invaluable. It allows users to test their hypotheses on-vd machines and their own data initially. Further
expand the reach of Al compute facilities, Tiecéhters are established across 12 geographically diverse
locations in India.

1 PerformanceEach Tier 3 center is equipped with 500 Petaflops of Al computing power, with 750 GPUs allocated
for Al Training and an additional 500 GPUs for Inferencing tasks.

1 High-Performance Storage240 PB

1 Function: These centers cater to Al training and inferencing requirements in their specific regions, ensuring
widespread access to Al capabilities.

Inferencing GPU Computing Platforms

Design:Complementing the higlend compute infrastructure, the inference platform consists of a cohesive ensemble

of servers. Collaboratively, these servers deploy Al services and execute Al models, facilitating applications. These
servers are designed to handlercurrent inference requests, enabling the efficient execution of Al models at scale.

A collective configuration of GPUs from Tier 2 and Tier 3 centers, optimized foimeahferencing tasks.

Capacity:The combined inferencing platform is engineeredhtmdleconcurrent inferencing requests from up to one
lakh (1,00,000) users in retine.

Function:The inferencing platform serves Al applications that require quick responses, catering to a large user base
across the country.

By implementing this &ier Distributed Grid Model, India can establish a robust and scalable Al Compute
Infrastructure to support various Al applications and cater to the country's growing demand for advanced Al
capabilities

135



|OVERALL Al COMPUTE INFRASTRECI®HRJP

Table 1: FutureLabs Al Compute Infrastructure Setup
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WHY Al INFRASTRUCTURE NEEDS BOTH TRAINING AND INFERENCE

While Al is referred to as a solution in a general sense, there are two distinct functions within any Al spthton
GONF AYyAYy3IE 2F Iy INIAFAOAFIET ySdzNI f ySiGg2N] YR aAyTFSNBy
model by pre@essing of large amounts of relevant raw data (example: pictures of cows) through a particular neural
network algorithm, which creates the weighted layers of a neural network model, and, finally, fine tuning the model by
paring and optimization of the modleThe inference part of Al is the deployment of the trained neural network model
for use in reatime (<10ms) or near redime (10ms to 100ms) evaluation of new data (example: determining if a new
picture is of a cow). Because inference is the deploynoerdctual use of a neural network model. Both training and
inference are required for the deployment of an Al solution and both require extensive resources. However, the resource
requirements of each are quite different and there is a need for dedicatsdurces for each.

Table 2: Task wise Compute usage

System Domain Task Organization(s) Year Parameters Training
(Billions) compute
PaLM 2 Language Language Google 2023 | 340 85000
modelling Research
GPT3 Multimodal Language OpenAl 2023 | 175 3640
modelling
LLaMA Language Language Meta 2023 65 6300
modelling
BERT Language Language Google 2018 3.3 9
modelling Research
GLaM Generalist Language Google 2021 1200 5600
Language Research
modelling
Model
Falcon Language Language TH 2023 40 2800
modelling

Source: https://epochai.org/blog/estimatingaining-compute#examplennistm-fcn-model

WORKLOADS

Training a neural network model can be one of the most challenging data cemtdtoads. It requires dedicated
networks, storage, memory, and servers to process in parallel a single large data set, to produce the neural network
model. Then the neural network model must be optimized for deployment as an inference model. Howeawnérgtra

not a onetime act. The model is often continuously retrained and modified as new and different data is added to the
raw data set. As a result, training typically requires dedicated resources that cannot easily be shared with other functions
within a data center. The neural network training performance is determined by the quality of the raw data set, training
time, and required level of accuracy. Like trainimjerence requires dedicated resources, but the workload processes
multiple inputs thraugh a trained model to produce a result. Inference requires multiple instances, just like productivity
applications or web services, to handle the constant flow of new data in a timely manner. Neural network inference
performance is determined by throughpat the desired level of accuracy and response time to the input data.
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Training Inference
Each Al workload requires a Each instance or group of
dedicated complex NN model instances requires a pared and
optimized NN model

Hidden layers

Source: TIRIAS Research

Note that neural network performance is also the result of the overall network configuration and performance, not just
the neural network model, which must be considered in $lgstem design.

PRECISION

Another difference between training and inference is the level of mathematical precision required to achieve the same
level of accuracy. Because training involves the development of the complex neural network model, it requires the
processing of a large data set to achieve a high level of accuracy. As a result, Al training platforms typicalbituse 32
floating point (singlgprecision) or 64it floating point (double precision) data formats in the matrix multiplication
operationsto maintain a high level of accuracy. Since the outcome of inference processing can only result in a limited
number of outcomes, lower and more efficient precision data formats can be used to accelerate inference without
significant drop in accuracy ofétprediction. Current inference platforms typically uskiBor 16-bit integer data formats,

but many companies are evaluating using € Additional
lower precision data formats, such asi integer Iayer'sf_\
when the reduction does not result in a signific
loss of accracy. This reduction in the data forn
also reduces the processing and po
requirements. While the same processing core
be used for both training and inference, using ct
optimized for the different precision levels
matrix multiplication can iorease the throughpu

Hidden layers

reduce power, and increase the overall efficienc B
the platform. . .
( )
N/ Mg nodes
SCALING CHALLENGES Source: TIRIAS Research

The greatest challenge for Al solutions is scaling.

For training, the resources required, such as memory, storage, and compute, increasbstiithe size of the data set

and the complexity of the neural network model. There are two key measures in trgitimg and accuracy. If there was

no impact on the resulting neural network model, just doubling the data size would double the operedprised to

process the data. This requires increasing the resources by a relative factor to piloeesdra data in a fixed time.
However, more data also increases the accuracy, which translates to addition layers or nodes per layer and additional
resouces. As a result, the doubling of model data can increase the operations required to process the data in a fixed time
by up to the original number of operations squared or n*2. The result is an exponential increase in the resources required
relative to the size of the data sets. With extremely large data sets, this can require hundreds or thousands of servers to
process the data in a timely manner (typically a few hours to a few days is acceptable depending on the application).
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In contrast, the resource griirements for inference are typically not as great for a single instance of a model. However,
the deployment of a model may require hundreds or thousands of instances of the neural network model to support
multiple incoming data sources or to be closethe data source. Each instance will require the same platform resources,
which increases the operations by up to the number of inputs. As an example, millions of smartphone users issue voice
commands to their smartphones every minute. While a single gafigervers executing a natural language processing
inference model can handle several users, the humber it can processes per minute is limited by the latency limitations of
the application, which in this case is only a few seconds. As a result, the aofaath or number of users an inference
platform can support is limited to the performance of the platform and the application requirements. The same is true
for other applications, such as event detection by security cameras, anomaly detection in mannfaor any other
industrial or consumer application processed usingpoemisesor cloud resources.

Additional
NN instances

Source: TIRIAS Research

Scaling of Inference Resource Based on the Number of Instances

Vast majority of Al training computation is currently perforn@dGraphics Processitgnits (GPUs) and most inference
processing is performed on traditional Central Processing Units (CPUs) with support from other architectures, including
GPUs, Field Programmable Gate Arrays (FPGAs), and Digital Signal Processors (DSPs). These achitdstures
evolving with additional feature, such as matrix multiplication engines and new instructions to improve Al processing.
Traditional processor architectures also continue to evolve around semiconductor design, semiconductor manufacturing
technology,and Al software frameworks.

DATA CENTER

In addition to the processors used for training and deploying a neural network model, the different workloads also place
unique requirements on the rest of the data center resources. Everything from the 1/0O, network, storage, and memory
subsystem should bdesigned around the intended function. As mentioned above, training is performed using large
amounts of data, typically historical data, and processing it in a highly parallel fashion. This requires large amounts of
storage and memory close to the procaggcores to limit the latency associated with reading data from storage. It also
requires a configurable higépeed network between processing cores. Because inference is processing new data through
a trained model, it requires high I/O bandwidth combineith memory large enough to hold the models and data
without calls to storage. It also requires a configurable network to support each neural network instance. Essentially, the
difference between the two is raw execution (training) vs. throughput (infeegnBecause of the unique processing
unigue requirements for both Al training and inference, there is a need for dedicated resources for each form of
processing within an Al platform or data center.

SECURE DISTRIBUTED DATA GRID FOR FUTURELAB Al

Artificial Intelligence is essentially a DATA DRIVEN science wherein the quality and large quantities of data play a major
role in training models to achieve near 100% accurate surrogates. Henceoedinary care needs to be taken to curate
raw data, annotate thelata and make it available to the processing infrastructure to train models.
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Figure 6: Secure Distributed Data Grid Architecture

It is indeed a welkstablished fact that large quantities of quality data when used in training of models will resehyin

highly accurate models. By and large, this model building needs very huge compute infrastructure complemented by
large volumes of high quality, annotated data. The idea of distributed data griddstablishright infrastructure to
facilitate all apects of establishing a secure, robust ecosystem in which, it becomes easy to develop economical and very
accurate Al based products and businesses.

Thus, we arrive at the first requirement that, we need to have mechanisms to transfer large quantitea.dbithce the

data sizes are different for training, for inferencing and for providing various Al based services, right network
infrastructure with optimal bandwidth allocation is needed. It is equally important to appreciate that the compute
requirementsfor Training models, for inferencing and for providing services are different. Hence, we need to have rightly
sized compute and storage infrastructure.

Transferring Huge Data setslugeamounts of data are being transferred for many applications even today. Typical
FLILIX AOFGA2ya GKFG O02YS (G2 2ySQa YAYR IINB G(KS Kdz@S RIF Gl
transferring all over the world to esoteric use and the mgeneric Netflix movies. Then, what is the challenge? The
point to be appreciated is that the data, however big, is NOT changing very often in its entirety. Henlzahianbe
distributed and given access to by Data Mirrors. The minimal incremental changes can be transferred through minimal
bandwidth requirements. Further, the emqabint applications are fairly simple, such as an parallel application or a simple
rendering apfication which can be very effectively distributed to obtain very high throughput. This essentially means
that the computation needs are rather modest in nature for getting one instance of throughput. However, for the Al
infrastructure that is being conséded, we need to appreciate that the data required for training a model may change
very often, depending on the domain and the models themselves may be different. Hence, we need to have very high
data transfer capabilities. Also, huge compute infrastruetuthat may run into a few Al exaflops with adequate storage
capabilities. Only then, our entrepreneurs can develop well trained, very accurate models that give them competitive
advantage. It is also a fact that there can be only a few such computingidadioth from economic perspective and

from the perspective of establishing Electrical and cooling infrastructure in the country. Considering the vast expanse of
our country, it is essential that we establish very higieed, optimal connectivity betweell developer and the compute
infrastructure to facilitate him/her, at all stages of Al based product development.

Technology Perspective:

In any large computing centeipfiniBand connectivity is used for interconnecting processors and storage as the
bandwidth and the latency offered are very good. Another advantaginhiBandO2 yy SOGAGAGe A& GKS
protocol that facilitates direct data transfer into the remote memory without the intervention of CPU and multiple
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copying operations needed di¢ Network Interface Card (NIC) Host Channel Adapter buffers (HCA) buffer and the Kernel
Buffers. However, the distances to which InfiniBand connectivity can transfer data is limited to about 80 Kms (Say long
haulInfiniBand. Looking at the positive sidthe data transfers can happen at about 400 Gbps and one can do a direct
mount of the storage device that is about 80 Kms away. Hence, there would be no significant performance degradation
between a directly attached storage disk and the storage devideishabout 80 Kms away. This is a good solution when

one is located in the vicinity of a large computing resource. This can act as NearAstineDisaster Recovery Site as

well.

However, for distances larger than 80 Kms a modified version of the wepjesand popular Ethernet protocol, referred

02 a WwwSY2:iS 5ANBOG I 0O0Sada LINRPG202t 20SN) O2y@SNHSR 90
over distances of 80 KMs would entail a repeater of signals. However, this is juiea ehaising right technology and
developing right software to effect data transfers at 400 Gbps. Many factors like availability of dark fiber, availability of
wavelengths, choosing right protocol stack need to be considered. However, this is a matehwital design and
implementation. All major countries are experimenting with this kind of implementing faster data transfer modes.
Transferring raw data bits is one thing and transferring files/ records/ Objects/ Databases is another ball game all
together. We need to develop right ecosystem with correct protocols depending on our needs. Depicted below is the
data transfer scheme and the protocol stack that will have to be utilized for developing the transfer mechanisms.

Secure High -Speed Data Transfer Between the Sites
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Figure 7: Secure Higbpeed Data Transfer Architecture

Thus, we have efficient and faster way of transferring data between two entities at about 400 Gbps. Further, the
technologies for 10 Gbps and 1 Gbps are well established. Hence, we have connectivity of different baridwisihs
right bandwidth between components of interest (refer Figure 10).

Further, it is important to ensure the privacy and security of data of individual entrepreneurs and companies. We need
to ensure that the control about presenting their datadacipherable form only when they decide to do so. Interesting,
secure algorithms can be designed including-lesg encryption methodologies that are quantiatiack immune.

As discussed earlier on in this chapter, the compute and storage requirements too are different for training models, for
inferencing and for providing Al services. Depicted below is the typical architecture which caters to majority of workflows
of designimg, developing, deploying and commercially exploiting typical Al models.
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LET US CONSIDER A TYPICAL WORKFLOW:
Use case 1.

An Al developer would need authentic, tagged data from his/her source and data from large repositories
developed by various Agenciglsd (Ministry of Health, Education, Commerce, Environment etc.). He/ She can
access thesame repositoriesHe/ she can access the same data from mirror locations as well.

He can upload the model he proposes to train to the repository.

He caninitiate a script on the large system that contains the paths to the location of data on the repository and
model he wishes to train on the repository. The script will get executed only when all desired data is present on
the local storage of the large ggm, the trained model will be ploughed back on to the repmsi.

Inferencing too needs reasonable but modest resources. Hence, we neestablish a farnof servers with
modest computing and storage capacities. The Al developer can upload the depingsitina farmof servers

and get the results to test his trained model/ product. Depending on the complexity of the model/ product being
developed, this step can be optional. If he has sufficient computing capacity of his own, he can utilapttpe

or Desktop as an edge device.

He can download the model for his use and/or may upload the same for commercial exploitation to the Al
Market-Place which is a cloud based platform.
Use caseZ:

1.Al developer can get the data from the mirrors and curate and tagstime.

2.He can commercially exploit the same by uploading on to thmaketplace.

Other Use casesThere can be many marketing services, Al services, Legal Services, Payment Services, Maintenance
warrantee services etc. Only imagination will be the limit to the kind of services that may come up on the Al market
place.

Secure Distributed Data Gri@omponents Let us define the functionality of the components that have been listed in
Architecture diagram.

Large Systemit will have compute capability of 500 to 3000 Al Petaflops, Large storage to the tune of about
50 to 100 Petabytes and adequate nuentof inference engines. It shall also have a DR site with similar
storage and midange compute capability

0 Functionality:The storage attached to this large system will access/ copy data from the repositories and the
models to be trained from the repositories and shall plough back the trained models on to the repository.
Thus, needs to be very fast between Large Machine, &pyg and the DR.

0 Connectivity:400 Gbps (both input and output)

DR site:The DR site will be actiative one with the main emphasis being on the safety of data and this shall

be of same capacity as that of Large system with less compute capability.

0 Functionality:As specified earlier, this shall be active-active DR and will have near réahe state of the
storage as that of the Large System.

0 Connectivity 100 Gbps (DR/ NDR) both input and output

Repository:Repository will have 25 to 50 PB of storage along migdiumrange compute (250 Al PF) capability.
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0 Functionality: The repository shall contain curated, tagged and anonymized data from different agencies/
ministries. Furtherjt may also host temporarilyhe data from a consumer, do a quality check and keep it
curated. It will also temporarily host the model that a consumer wishes to train.

The repository will also receive the trained models from ldrgecomputer and host it temporarily to be
copied baclby the consumer. The consumer may be connected to the repository at about 10Gbits/ 1 Ghit
speed. The data and model that a consumer provides shall be under the total control of the consumer. The
security of the data will be guaranteed.

o Connectivity:Both input and output 400 Gbps

Mirror Site: Mirror site will have curated, anonymizeshd tagged data provided by contributors such as

Government Agencies and Voluntary organizations.

0 Functionality: This will contain the data from thepository,and it does not contain the model information
uploaded by a consumer but may contain traineddel that Government wises to share.

0 Connectivity:This site will be connected to the repository at 100/ 10 Gbps. Both input and output: 100/ 10
Gbps.

Inferencing FarmThis will comprise of a collection of modest capacity servers witkelodGPGPUSs.
0 Functionality: The inferencing farm will facilitate Inferencing/ Al Product development/Testing activities.
0 Connectivity:The Input and output connectivity can both be pegged at 100 Gbps.

Al Developer:The Al Developer shall have totantrol over the data he wishes to upload and the model he
wishes to train. He can do the uploads only to the repository. He can be connected to the repository at 10/ 1
Gbps.

0 Functionality: He can retrieve the trained models after processing at the largehime only from the
repository. He can access the data from the mirrors for his research work. The connectivity to the mirrors
can be at 10/ 1 Gbpsle shall have very limited access to the Large Computer. The jobs there can use data
and models from theapository and the output/ trained model can be staged back to the repository and
kept for a finite amount of time to be downloaded by the Al Developer. The Al Developer, thus will have
very limited access to the large system and can only run some sadviptsial 1 to 10 G connectivity will
suffice.

0 Connectivity:Normal 1 to 10 Gbps.

ConsumerConsumer can avail the Al services from the Al Market place cloud as if he is accessing a typical web
service on the device.
0 Connectivity:The connectivity can biarough any of the media like wired/ Wireless/ Satellite at the speeds

he wishes.

| FUTURELABE COMPUTELOUDONDIANSOVEREIGBLOURQ PREREQUISITES, FRAMEWORK,
|GOVERNANCE AND MANAGEMENT

Sovereign cloud refers to a cloud computimfrastructure that is owned, managed, amgperated within thelegal
jurisdiction of a specific country. This type of cloud computing setup often adheres to the regulations, standards, and
legal requirements of that country. An Indian sovereign cloud ¢efacus on its potential structure and management,
GAGKAY (GKS O2yGSEG 2F LYRAI Q& NB3IdzZ I 2NE SYBANRYYSyY
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Figure 8: Al Cloud Market Place

PREREQUISITES

To start with, there would be several kpye-requisites for setting up an Indian sovereign cloud:

1 Legal Frameworkit would be important to have a comprehensive legal and regulatory framework for data
protection and cybersecurity in place. As of latest, India is in the process of implementing samework. The
DIGITAL PERSONAL DATA PROTECTION BILL, 2022 for example, was one such proposed legislation which is ree
to be passed in parliament.

1 Infrastructure: Robust physical and digital infrastructure would be crucial. This would include daterse
located within India, as well as higlpeed internet connectivity and reliable power supply.

I Technological CapabilitieSetting up a sovereign cloud would require significant technical expertise. This would
include expertise in cloudomputing technologies, cybersecurity, and data management, among others.

1 Funding: The establishment and maintenance of a sovereign cloud could be a ergtBavour Securing
adequate funding would therefore be crucial.

1 Framework:The sovereign cloud could be set up as a ruldtid architecture. This would involugilising a
combination of different cloud services, potentially from different providers, in a way that they can be managed
as a single, unified system.

1 PublicPrivate Rirtnerships: The establishment of a sovereign cloud might involve partnerships between the
Indian government and private companies, particularly cloud service providers. These partnerships could help to
leverage the technical expertise and resources offitieate sector.

9 Data LocalizationOne of the key aspects of a sovereign cloud would be data localization. This means that all
data stored in the cloud would have to be physically located within India. This could be a requirement both for
government data and for private sector data.

1 Security: Security would be a key concern for the sovereign cloud. This would involve implementing strong
cybersecurity measures, as well as regular audits and checks to ensure the security and integritiatd.the

1 Accessibility:Accessibility should be a key consideration in the design and implementation of the sovereign
cloud. This aspect involves ensuring the infrastructure can be accessed by various stakeholders from different
parts of the country and at fierent times, considering the geographic diversity and time zone differences in
India. Accessibility also extends to the user interface, which should befiessally and designed in a way that
users with varying levels of technical expertise can utilieeservices provided

GOVERNANCE AND MANAGEMENT

Governance and management of the sovereign cloud on galayay basis would involve several key tasks:
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1 Monitoring: Regular monitoring of the cloud infrastructure would be crucial to ensure that fitristioning
properly, and that data is being managed appropriately.

1 Maintenance: Regular maintenance of the physical and digital infrastructure would be crucial to ensure the
reliability and performance of the cloud.

1 Security ManagementRegular securityheecks and updates would be necessary to protect against cyber threats.
This could also involve monitoring for potential security breaches and responding to them promptly.

1 ComplianceEnsuring compliance with the relevant regulations and standaxmdd be a key aspect of the day
to-day management of the sovereign cloud. This could involve regular audits and checks.

1 Resource Managementanaging the resources of the cloud, such as storage and processing power, would be
a key task. This could invohadlocating resources to different users and applications and adjusting these
allocations as necessary.

1 Disaster Recovery and Continuity PlannirJanning for potential disasters, such as natural disasters or ¢yber
attacks, would be a crucial aspect of maging the sovereign cloud. This could involve developing and
implementing disaster recovery plans, as well as strategies for maintaining continuity of service in the event of a
disaster.

To conclude, while the establishment and management of an Indian sovereign cloud would be a complex and potentially
costly endeavor, it could also offer significant benefits in terms of data protection, cybersecurity, and digital sovereignty
It would be cucial to have a strong legal framework.

| CLOUD MANAGEMENT PLATFORM

The HP@I cloud will be created and operated in laaS, PaaS or SaaS modes using the Cloud Management Platform
(CMP). The functionality of the CMP is as follows:

HPC-AI Cloud Management Platform

Cloud Platform User Self Service Self Service Tenant
Management Interaction Portal APIs Management
Service Service Level Incident Change Capacity
Agreement & M t
Management Metrics Management Management anagemen

Inference / NGC Platform

Orchestration HPC-AI Cluster Conventional Container

. Integration
Management Compute Orchestration
Management o Orchestration Management

Cluster Security/ Dedicated
Utilization Vulnerability Resource/Priority
Metrics Management Management

Performance Cluster/ Container/
Management Platform Monitoring

HPC-AI Infra
Dynamic HPC-AI Stack
Allocation Management

Management

Conventional/ HPC-AI
HPC-AI Asset Ninference Asset
Management Discovery

Configuration
Management

Figure 9: Cloudlanagement Platform

Centralized access point for Users, Cloud administrators, Tenants to carry out functions for cloud management
and provisioning.

Provisioning and orchestration of HRAC Clusters, Conventional compute for inference and hosting in form of
containers and VMs.

Orchestration capability for priorithased resource allocation, workload scheduling andgmption if needed;

and prespecified segregation of workloads arising from security/privacy mandates.

Provides capabilities for audit s€curity vulnerabilities and compliance requirements.
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Unlike traditional cloud platform, telemetry in HPC has to be able to capture utilization metrics for virtual GPUs,
IB fabric, HPC Storage.

Enable tenants to dynamically provision and seglédown HPGAI clusters in terms of nodes/GPUs, HPC
storage, compute communication fabric.

The proposed cloud environment can be established with OpenStack basedopere cloud suite.

Al CLOUD DELIVERY MODES

Al cloud delivery modes such asl#frastructure as a Service (IaaS), Platform as a Service (PaaS), and Al Services offer
varying levels of customization and control for businesses, allowing them to choose an option that best meets their
needs.

Al Infrastructure as a Service (Al laaS)

Al laaS is a clotlthsed service that provides the necessary infrastructure for developing and running Al
applications. It includes compute power, storage, and networking resources, along with acopexialised
hardware such as GPUs and TPUs for madegrning tasks.

0 Consuming UserFor the end user, Al laaS offers flexibility and scalability, enabling them to scale
resources up or down based on their needs. Users are responsible for managing the Al tools,
applications, data, and middleware, which tes a certain level of technical expertise.

0 Implementing Agency:The implementing agency is responsible for managing the underlying
infrastructure, including servers, storage, and networking. They ensure the availability, security, and
performance of thenfrastructure, freeing the user to focus on their Al workloads.

Al Platform as a Service (Al PaaS)

Al PaaS is a clodmhsed platform that provides a suite of Al development tools and services, allowing users to
develop, train, and deploy Al modelsthout having to worry about the underlying infrastructure.

0 Consuming UsetJsers benefit from a higher level of abstraction with Al PaasS, allowing them to focus
on building Al models and applications without the need to manage the infrastructure. Hovibiger
comes with less control over the underlying resources.

0 Implementing Agencyt KS | 3Sy 0eQa NB&LRYyaArAoAfAGASE SEGSYR
development tools & services. They offer a platform with-poafigured Al tools ankibraries, ensuring
that users have access to the latest Al technologies.

Al Services

Al Services (or Al as a ServiégaaS) are prbuilt Al solutions that can be integrated into applications without
the need to build models fromacratch. Examples inde natural language processing, image recognition, and
chatbots.

0 Consuming UsetJsers can readily incorporate Al functionality into their applications with Al Services.
This model requires the least technical expertise, as it eliminates the need fiooddl development
and training.

0 Implementing AgencyThe agency not only manages the infrastructure and platform but also builds,
trains, and maintains the Al models. They provide APIs or SDKs for users to integrate the Al services
into their applications.

SLA REQUIREMENTS FOR GPU CLOUD SETUP

Service Level Agreements (SLAS) are contracts between a service provider and a customer that specify the level of service
expected during the term of the contract.
Here are some common elements found in SLAdafd providers:
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Availability: This is often referred to as "uptime" and is usually presented as a percentage. For example, a
provider may guarantee that services will be available 99.9% of the time. This means that the services may be
down or unavailabldor the remaining 0.1% of the time.

Performance: The SLA may specify performance metrics that the services are expected to meet, such as
response times or throughput.

Security: The SLA should outline the security measures that the provider plasénto protect your data. This
could include details about data encryption, firewalls, and compliance with security standards.

Data Protection and Backup: The SLA should explain how the provider will protect your data, including details
about data backupmnd recovery procedures.

Support: The SLA should specify the level of support provided, including response times for support requests
and hours of availability.

Penalties for NorCompliance: If the provider fails to meet the terms of the SLA, there maebalties to be
defined.

Disaster Recovery: The SLA should outline the provider's disaster recovery plan, including how quickly services
can be restored after a disaster.

CHALLENGES AND COUNTERMEASURES TO SETUP FUTURELAB Al
Challengeinfrastructure and Compute resources

A significant challenge is providing the necessary infrastructure and compute resources to support Al applications and
large-scale data processing.

1 Countermeasures:

0 Establish publiprivate partnerships to share the assand resources needed for building data centers and Al
compute infrastructure.

0 Leverage cloudbased Al services and platforms to distribute compute resources and minimize the upfront
investment in hardware.

0 Invest in the development of domest&emiconductor and hardware industries to reduce dependency on
AYLEZNIAa yR SyKIy0OS (KS O2dzyiNEBQa 'L OFLIOoAfAGASEAD

Challenge: Data Privacy and Security

Ensuring data privacy and security is crucial when dealing with sensitive information in secthesltkeare, finance,
and government.

 Countermeasures:

0 Implement strong data protection regulations and guidelines to ensure data privacy and security.

0 Develop secure data storage and processing facilities with robust access control mechanisms.
0 Encourage the use of privagyeserving Al techniques, such as federated learning or differential privacy, to
minimize the risk of data breaches and protect sensitive information.

Challenge: Talent and Expertise

A lack of skilled Aprofessionals and researchers can hinder the development and adoption of Al technologies in the
country.
1 Countermeasures:

147



0 Strengthen Al education and training programs at universities and technical institutes.

0 Collaborate with internationatesearch institutions and organizations to promote knowledge exchange and
capacity building.

0 Establish dedicated Al research labs and innovation centers to attract top talent and foster a culture of
innovation.

Challenge: Interoperability and Standardizati

Integrating Al solutions across different sectors and organizations requires seamless interoperability and adherence to
common standards.

T Countermeasures:

0 Develop and promote the adoption of open standards and APIs for Al applications arshddtsy.

0 Encourage the use of opesource Al frameworks and platforms to ensure compatibility and ease of
integration.

0 Create crossector working groups to identify common challenges and collaboratively develop Al solutions.

Challenge: Ethical andegal Considerations
Addressing ethical and legal concerns around Al technologies is vital to ensure their responsible and fair use.

 Countermeasures:

0 Develop a national Al strategy and ethical guidelines to govern the development, deployment, and use of
Altechnologies.

0 Establish regulatory bodies and oversight mechanisms to monitor Al applications and ensure compliance
with ethical principles and legal requirements.

0 Encourage public dialogue and stakeholder engagement to create awareness abthitdbnd promote
responsible Al development.

HPGAI-BD SYSTEM SOFTWARE STACK FOR FUTURELAB Al

The idea of a single, universal API for GPU computing that spans across different véhd@rk\, Intel, and AMBs an

enticing concept. It would theoretitlt enable developers to write code once and have it run efficiently across GPUs
FNRY RAFTFSNBY:IG YIydzFlI OGdzNENB® 2 KAES GKSNB INB aArA3ayarTaol
like OpenCL and Vulkan propose a future where this coeldossible.

Current Landscape

1 Intel: Intel introduced OneAPla unified programming model intended to simplify development across
RAOGSNES | NOKAGSOGdz2NBad ¢KS J21f Aa (2 &adzZJIIR2NIL y2i
other vendors. However, its adoption and efficiency on +hotel hardwareremainsto be seen.

f NVIDIAb+LL! Qa /!5! Aa I LINBLNARSGFNEBZ LI NFfftSt O2 YLz
popular framework for GPAdccelerated applications, but it only supports NVIDIA GPUs.

f  AMD: AMD supports the opesource ROCm platformA YSR Fd It/ FyR ! L F LLX A Ol
supporter of OpenCL, a framework for writing programs that execute across heterogeneous platforms.

The Single APl GPU Framework

The development of a universal GPU API would require agreemertioaperation between these leading vendors. Such
an API would need to:
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1 Be Hardware Agnosticthe API should allow developers to write code that can run on GPUs from NVIDIA, Intel,
AMD, and potentially others without requiring significant modifications.

1 Maintain High Performance©One of the challenges is ensuring the API can extract high performance from all
supported GPUs, which each have different architectures and features.

1 Support Advanced Feature3he API should support the latest features aagabilities of modern GPUs, such
as ray tracing or tensor cores, which can vary significantly between vendors.

HPC and Al Frameworks: Leveraging Al Libraries and SDKs

HighPerformance Computing (HPC) and Artificial Intelligence (Al) are convergingvideopmwerful solutions for
complex applications, data analysis, and decigi@mking processes. To harness the full potential of this convergence,
developers rely on Al frameworks, libraries, and Software Development Kits (SDKs) to build and depluy’dffrmeels

on HPC infrastructure.

Al FrameworksAl frameworks are software libraries that provide developers with an environment to create, train, and
deploy Al models. These frameworks simplify the development process by offerisyitreomponents, abstracting
complex mathematical operations, and topizing model performance on HPC infrastructure. Examples of popular Al
frameworks include TensorFlow, PyTorch, and Apache MXNet.

Al LibrariesAl libraries are specialized collections of algorithms and functions that developers can use to implement Al
functionality in their applications. These libraries often focus on specific domains, such as machine learning, deep
learning, computer vision, or natural language processing. By leveraging these libraries, developers can accelerate the
development processral ensure compatibility with HPC systems. Examples of Al libraries includdestikjtOpenCV,

and NLTK.

Software Development Kits (SDK§DKs are comprehensive packages that Include libraries, tools, and documentation
needed to developapplications for a specific platform or service. In the context of -AP€ystems, SDKs provide
developers with the resources to build and optimize Al applications for HPC environments, taking advantage of the
underlying hardware and software infrastruceurExamples of Atelated SDKs include CUDA, Intel Al Analytics Toolkit,
and OpenCL. Leveraging Opsource SDKs instead of using proprietary software should be utmost important due to
transparency, community collaboration and continuous improvements.

Challenges and Considerations

A single APl GPU framework would face significant challenges, including:

1 Vendor CooperationNVIDIA, Intel, and AMD are direct competitors, and each has invested heavily in their
proprietary or favored technologies. Coordinating between them to support a single API could be difficult.

1 Scalability:Instantly scaling up or down to accommodate woddachanges, Incompatibility between different
hardware architectures can also make the framework less dynamic.

1 Performance Optimization:Creating a truly "write once, run anywhere" API that also delivers optimal
performance on all platforms is a compleskadue to the architectural differences between GPUs.

1 Adoption: Even if a single API could be developed, it would need to be adopted by developers, which could be
I af2¢ LINRPOSaa AT GKS yS¢g !'tL R2SayQi 2FFSN) Of SI NJ |

DRIVINGAI TRANSFORMATION: MECHANISMS, METRICS, MEASURES AND ESTIMATION FOF Al COMP
CAPACITY

Mechanisms for Al adoption among relevant stakeholders like staps, research labs, and academic instituticrighe

widespread adoption of Al comput@&frastructure is essential for driving innovation and progress in various fields.
Various mechanisms conceptualize to ensure the adoption of compute infrastructure.
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Mechanism

Access to infrasticture and

tools

Data sets

Financial incentives

Marketplace

Regulatory and policy
support

Competitions and
challenges

Collaborative
partnerships

Innovation hubs and
centers of excellence

Table 3: Al adoption for Stakeholders

Stakeholder

Startups, research
labs, academic

institutions

Startups, research
labs, academic

institutions

Startups, research
labs, academic

institutions

Startups, research
labs, academic

institutions

Government

Startups, research
labs,

Academic
institutions

Startups, research
labs, academic
institutions

Startups, research
labs, academic
institutions

Description

Providing access to compute infrastructure and tools can he
to reduce the cost of developing and deploying Al models.

Ensure availability and providing access to higlality,
labelled data sets are essential for the development and
training of Al models.

Providing financial incentives, suchgrants and tax breaks,
can help to reduce the cost of adopting Al and make it more
feasible for

businesses and organizations to invest in Al.

Creating a marketplace for Al compute infrastructared
services can help to reduce costs and make it easier for
stakeholders to find

the resources they need.

Governments can play a role in supporting the adoption of A
compute infrastructure by providing regulatoand policy
support. This could include things like providing tax breaks f
businesses that invest in Al, or creating regulations that
promote the use of Al in specific

sectors.

Hosting competitions and challenges can help to stimulate
innovation in the field of Al, and can

also help to identify and promote promising né\
Technologies

Collaorating with other stakeholders, such as other
businesses, academic institutions, and government agencie
can help to share resources and expertise, and can also hel
accelerate the development of new Al

technologies and applications.
Creating innovation hubs and centers of excellence can helj
bring together stakeholders from different disciplines to

collaborate on Al projects. This can helptxelerate the
development of new Al

technologies and applications.
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Mechanism Stakeholder Description

Awareness and educatiol Startups, research = Raising awareness of the potential benefits of Al, and provic
labs, academic education and training on how to use Al, can helgncourage

more businesses
institutions

and organizations to adopt Al.

Training and capacity Startups, research | Providing training and capacity building on how to develop &
building labs, academic deploy Al models can help to ensure tisédkeholders have

the skills and
institutions

knowledge they need to use Al effectively.
These mechanisms are essential for ensuring the adoption of Al compute infrastructure by relevant stakeholders. By
ensuring that these mechanisms are in plamganizations can increase the likelihood of success with their Al initiatives.

Metrics to establish and evaluation frameworks to measure the impact of the Al compute infrastructure on -stpst
andinnovation.

There are a number of metrics and evaluatifvtameworks that can be used to measuttee impact of compute
infrastructure onstart-upsand innovation. Some of the most common metrics include:

SPMIND: Solution Provider Maturity Index

SPMIND is solution provider maturity index for Al. It helps stattips and SMEs identify trusted Al solution providers
who can help them implement Al solutiofi?].

SPMIND index consists of 6 pillars with each pillaring requirements to assess whether the solution provider has
achieved a satisfying level of Al maturity.

Organizational maturity and corporate governance

Commercial maturity

Data maturity Organisational
Maturity

Ethics maturity

Infrastructure maturity Commercial

Endto-Endmaturity Maturity

O O O O O o

In each topic, it has several dimensions and each
dimension is assessed at four levels of solution provider
maturity:

. Infrastructure Data
Not Qualifiedg Progresso be made (< 2.5) Maturity Maturity

Qualifiedc Exploratory Level (2.5 to 3.4)
Qualifiedc Intermediate Level (3.5 to 4.5)
Qualifiedg Advanced Level (> 4.5)

O O O O

Figure 10: SPMIND Pillars

Sourcehttps://gpaidemo2.kinsta.cloud/spmind/
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AIMIND: Artificial Intelligence Maturity Employee acceptance of Al
Index Experimentation culture

o/

AIMIND is a measure of Al readiness AAH‘EIW?
alen
assessment for SMEs. It helps SMEs assess
. . . . Al Governance
their current Al maturity and identify areas Al Risk Controll

where they can improv§l3]. I \

AIMINDconsistof 5 pillarsandare ML I

o nfrastructure
Interdependent and synergistic. Data Infrastructure
- OrganisationaReadiness
- Businesd/alue Readiness

Business Use
Cases

- Ethicsand Governanc&®eadiness

- Data Readiness Data Quality
Reference data

- Infrastructue Readiness

Figure 11: AIMIND Pillars
Collectively, the 5 main pillars of AIMIND provide

I K2t AaGAO0 | aasSaayvySyd Sogrcentips/npaidg g kingia. dopdiepsayog-gamis/
readiness to adopt Al. In each pillar, it has several

dimensions and each dimension is assessed at

four levels of Al Readiness:

Al Unaware (< 2.5)
Al Awareg(2.5 to 3.4)
Al Ready (3.5t0 4.5)
Al Competent (> 4.5)

=A =4 =4 =
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Measuresfor utilizing Al compute for scalingup and commercialization of Adolutions.

Table 4: Measures for Utilizing Abmpute.

Consideration Description

Cloudbased Alnfrastructure Leverage cloudbased Al compute infrastructure for scalable resources
without upfront hardware investments.

Benefit from flexible payasyou-go pricing models.

Distributed and parallel computin¢ Implement distributed and parallelomputing to accelerate Al model trainin
and deployment.

Utilize Al compute platforms supporting frameworks like Hadoop, Spark,
Kubernetes.

Hardware acceleration Leverage specialized Al hardware like GPUs, TPUs, or FPGAs for faster
and inferencing.

Select Al compute platforms offering access to various hardware acceler:

Pretrained models and transfer = Utilize pretrained models and transfer learning to reduce training time anc
learning computational resources.

Choose Al compute platfornpgoviding extensive model libraries and

frameworks.
AutoML and hyperparameter Employ AutoML tools and hyperparameter optimization techniques for
optimization improved model performance and resource efficiency.

Select Al compute platforms supporting poauAutoML
tools and frameworks.

Containerization and Adopt containerization and microservices for enhanced scalability and
microservices maintainability of Al solutions.

Leverage Al compute platforms supporting container orchestration tools |
Kubernetes or Docker Swarm.

APHdriven integration Develop ARdriven Al solutions for seamless integration with existing syst
and faster commercialization.

Choose Al compute platforms with robust API support and Aaiitjuage

SDKs.
Monitoring and Utilize monitoring and management tools provided by Al compute platforr
management tools to track resource usage, performance, and costs.

Implement alerts and automated scaling policies for optimized resource
allocation.

Collaboration  andpartnerships Foster collaborations and partnerships with industry players and researct
institutions to drive Al commercialization.

Leverage partner expertise, resources, and networks to

reach a broader audience.
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MONETIZATION & COMMERCIALIZATION MODEAI ORMPUTE INFRASTRUCTURE

Setting up an Al compute infrastructure to establish a secure distributed data grid requires significant resources, both in
terms of capital expenditure and operational costs. However, once established, there are severa wayeetize and
commercialize this infrastructure.

INFRASTRUCTURE AS A SERVICE (IAAS)

One of the most direct ways to monetize an Al compute infrastructure is by offering Infrastructure as a Service. This
model allows users to rent the computing power thaged for their Al applications, which can be more esiftctive

and scalable than maintaining their own infrastructure. Pricing can be based on usage, with different tiers for different
levels of compute power, storage, and bandwidth.

VPLATFORM AS A SERV(BAAS)

Beyond just offering raw infrastructure, a platform for developing, testing, and deploying Al applications can be provided.
This could include preonfigured machine learning environments, data processing tools, and other software needed to
build and run Al applications.

DATA AS A SERVICE (DAAS)

In a secure distributed data grid, data can be a valuable resource. If your infrastructure collects or generates valuable
data, you could offer Data as a Service, providing customers with access ttath for their own analysis and decision
making. This cabe particularly valuable in fields like market research, financial analysis, and predictive analytics.

Al AS A SERVICE (AIAAS)

Al as a Service (AlgaB a clouebased service that provides businesses with access to artificial intelligence (Al)
capabilities without the need to invest in or maintain their own Al infrastructure. AlaaS can be used for a variety of
purposes, including NLP, Computer visimmg speech recognition etc.

|PARTNERSHIPS AND COLLABORATIONS

Partnerships and collaborations with other businesses and institutions can also be a source of revenue. For example,
revenue sharing with businesses that develop Al solutions, leveraging tlenfilite infrastructure and expertise.

|LICENSING AND IP COMMERCIALIZATION

Any unique technology or intellectual property developed utilizing the Al compute infrastructure can be commercialized
through licensing agreements. This could include algorithmsyso&, hardware designs, or even the data generated by
the Al compute infrastructure.

In terms of commercialization, positioning the Al compute infrastructure as a key driver of digital transformation can
attract a wide range of industries. Furtheshowcasing the security features of the distributed data grid can be a key
selling point, given the increasing concerns about data privacy and security.

[PRICING MODEL

The pricing model for the National Al Compute Grid should consider the cost of inftastrumaintenance, support,
and upgrades. Different pricing models can be adopted:

Payasyou-go: Users pay only for the compute resources they use. This model is flexible and can accommodate
users with varying needs.
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Subscriptionbased:Users pay afixell Y2 dzy i LISNA2RAOFffe& G2 | O0O0Saa GKS 3N
a steady income stream and is suitable for users with consistent usage patterns.

Tiered pricingDifferent levels of service are provided at different price points. This mmamlekater to a broad
range of users, from smadktale to largescale users.

Subsidies

Subsidies can encourage the use of the Al compute grid, particularly for startups, research institutions, and small
businesses. These could include:
0 Reduced PricingDffering discounted prices for eligible users can make the grid more accessible.

0 Grants:Providing grants for specific projects can encourage innovative uses of the grid.
0 Free Trial PeriodAllowing users to try the grid for free for a lted period can attract new users.

RECOMMENDATIONS OF WORKING GROUP

After thorough research, analysis, and collaboration among the working group members, we have identified key insights
and propose the following actionable recommendations:

| INFRASTRUCTUREDACOMPUTE CAPACITY

We recommend the implementation of atir Model to establish India's Al Compute Infrastructure, comprising the
following components

| HIGHEND COMPUTE
0 Al Training: 1 Centre with 10,000 GPUs with 40 Exaflops performance.
0 HighPerformance Storage: 200 PB.

| MID-RANGE COMPUTE
0 Al Training: 4 Centres with 750 GPUs etatialling 3,000GPUs with 12 Exaflops performance.
0 Al Inferencing: 4 Centres with 1,000 GPUs etmthlling 4,000 GPUs with 8.8 Exaflgpsrformance.
0 HighPerformance Storage: 400 PB.

[EDGE COMPUTE
0 Al Training: 12 Centres with 125 GPUs etath|ling 1,500 GPUwith 6 Exaflops performance.
0 Al lInferencing: 12 Centres with 500 GPUs etathl|ling 6,000 GPUwith 13.2 Exaflops performance.
0 High-Performance Storage: 240 PB

[TOTAL
0 Al Training Performance: 14,500 GPUs with 58 Exaflops.
0 Al Inferencing Performance: 10000 GPUs with 22 Exaflops.
0 HighPerformance Storage: 840 PB.
0 Power Requirement: 45 MW

1 Ensure scalable and robusfrastructure to handle high compute requirements for Al workloads.
1 Establish Secure Distributed Data Grid with a speed of 200/400 Gbps, operated under strict SLAs using a PPP model.
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Establish Al innovation hubs in various parts of the countmgudure Al startups, encourage Al innovations, and
promote collaborations between researchers, entrepreneurs, and businesses.

Improve the underlying digital infrastructure, such as broadband connectivity, to support the use of Al technologies,
especiallyn remote and rural areas.

Attract private sector investment in Alased infrastructure. This could be achieved through incentives such as tax
breaks, subsidies, or publarivate partnership models.

PRIORITIZING Al USE CASES

Recommended trioritize Al use cases for Governance, Agricultdieslth, Education, and Finance in that order.

Support Al adaptation by stakeholders such as government (ministries and departments), academia, research labs
and startups in these domains.

Inclusive Al: Bvelop strategies to ensure that Al technologies are accessible and beneficial to all sections of society,
including those withdisabilities or those living in remote areas.

EVALUATION AND IMPACT MEASUREMENT

Implementation of SPMIND and AIMINExmeworks for Matrix Evaluation. Develop metrics and evaluation
framework to measure the impact of infrastructure on startups and innovation.

Establish Model benchmarking to compare the performance of Al models.

Reaitime Data Monitoring: Implement redime monitoring systems to track the performance and impact of Al
systems on different sectors. This will provide valuable insights for improving Al systems and strategies.

VMARKETPLACES AND OBBENNJRCE Al

Leverage Al Marketplaces for AlaaS, laaS and Paa$S prodaaipeel models or Al as a Service.

Utilize opensource Al frameworks and libraries supported by a wide range of vendors and communities, promoting
vendoragnostic Al development.

VAI MEMBERSHIRJBSCRIPTION AND REPOSITORY

Launch a natiotwide Al membership subscription program for government employees and civil servants.
Establish a platform to store piteained models, avoiding redundant training costs.

Provide model repository for others tese and fingune under free or commercial licenses.

SECURITY AND Ul CHALLENGES

Properly vet Al developers to avoid data leakage and misuse.
Address Ul challenges in building Al tools and platforms.
Ensure usefriendly and accessible Al solutions

Regulatoy guidelines for data privacy, Al ethics, and interoperability standards

APl MANAGEMENT

Address the issue of differing costs of APIs and management of per API costs for users in Al marketplaces.

Implement transparent pricing models and clear guidelinestst management.
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CAPACITY BUILDING AND COLLABORATION

Facilitate Al Education and Training: Promote Al learning and development programs to cultineddyAtalent.
Engage with educational institutions to incorporate Al studies in their curriculumbl&staraining programs to
upskill the existing workforce.

CrossSector Collaboration: Foster collaborations between different sectors, such as healthcare, agriculture, and
transportation, to leverage Al technologies across various applications. Thisachtolthe development of cross
sector Al solutions.

Public Awareness and Trust: Implement initiatives to increase public awareness and understanding of Al
technologies, promoting a more -Atcepting culture. This could involve information campaigns, vinars, and
seminars.

INVITEDVNORKING GROUP MEMBERS

Sh B.S. Jagadeesh, Advisor and former Distinguished Scientist, BARC
Sh Abhishek Das, HPC Tech, Joint Direct@@yAC Pune
Sh Mahesh Bhargava, Joint Director, Applied Al Grot[pAC Pune

Sh Pavan Dhote, Joint Director, Applied Al GroupAT Pune
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PREAMBLE

Artificial Intelligence (Al) is profoundly shaping society, revolutionizing industries and daily -liievell automation
enhances productivity but raises concerns about job displacement. In healthcare, Al improves diaganst
personalized treatment, though ethical issues like data privacy persist. Communication is redefineghdwerdd
language translation and recommendation systems, but authenticity concerns emerge. Al's role in autonomous vehicles
offers safer tranportation, yet regulatory adjustments are vital. Ethical considerations, such as algorithmic bias,
necessitate responsible Al development. Overall, Al's€faching impact underscores the need for balanced integration

to ensure a prosperous and equitabilgure for society.

Al compute, the computational power harnessed by artificial intelligence systems, is a driving force behind the rapid
advancements in Al technology. It refers to the capacity of hardware, such as processors and GPUs, to perform the
compex calculations required for Al tasks. The evolution of Al compute has brought about transformative changes,

enabling Al models to process massive amounts of data and perform intricate tasks that were previously unimaginable.

The importance of Atompute cannot be overstated. It has propelled Al research and development, allowing for the
training of deep neural networks and the creation of sophisticated Al models. More Al compute power has led to

breakthroughs in natural language processing, imagegnition, autonomous vehicles, drug discovery, and more.

Al compute has also democratized Al innovation by making powerful hardware more accessible, enabling researchers,
startups, and organizations of varying sizes to contribute to the field. Addiforthe increase in Al compute has
facilitated the scaling of Al applications, leading to broader adoption in industries ranging from healthcare and finance to

entertainment and manufacturing.

As Al tasks become more complex and datasets grow largenrgeing advancement of Al compute remains crucial.
Continued improvements in hardware and computing architectures will fuel further innovation, drive Al capabilities to

new heights, and unlock novel applications that have the potential to reshape induatrgk societies.

Al chipsets, often referred to as Al accelerators or neural processing units (NPUSs), are specialized hardware components
designed to efficiently perform the complex computations required for artificial intelligence tasks. These chigsets ar
engineered to handle the uniqgue demands of Al workloads, such as deep learning, machine learning, and neural network

processing.

The significance of Al chipsets lies in their ability to significantly enhance the performance and efficiency of Abagplicati
Unlike traditional CPUs and GPUSs, Al chipsets are optimized for parallel processing and matrix calculations, which are
fundamental to Al computations. This specialization results in faster inference and training times, enablimgeeal

decisionmaking and accelerating the development of Al models.

Al chipsets have fareaching implications across various sectors. In healthcare, it provides image analysis and diagnostic
tools. In autonomous vehicles, it enables rapid and accurate perception of theoement. In financial services, Al
chipsets facilitate fraud detection and algorithmic trading. Moreover, they contribute to advancements in natural

language processing, recommendation systems, and robotics.
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The evolution of Al chipsets drives innovatimmmaking Al technology more accessible and efficient. As the demand for
Al applications continues to grow, Al chipsets play a pivotal role in enabling the deployment of Al solutions at scale. Their
ongoing development and integration into a wide rangéevices and systems promise to reshape industries and improve

our daily lives.

India today is witnessing a surge in Al startups working on innovative solutions across different industries. These startups
are developing Apowered products and services, iging from chatbots, virtual assistants, Chipsets to almost every

sector.

The purpose of this report is to provide a comprehensive overview of the Chipsets for Al and the sectors of opportunities

for Indian startups in this area.

BACKGROUND

The historicapatterns of scaling in semiconductor process technology innovation are experiencing a notable deceleration.
Following numerous decades of impressive adherence to Moore's law, which advocates that the number of transistors on
a semiconductor wafer appraxiately doubles every two years, the rate of transistor scaling has decreased in recent

times.

Moreover, the concept of Dennard scaling, which anticipated a consistent power consumption per unit chip area with

rising transistor density, is also faltering.

During their 2018 Turing lecture, renowned computer architects John Hennessy and David Patterson noted that
slowdowns in process technology innovation would steadily increase the incentive for architectural innovétianis,

the way in which integrateaircuits are designed to perform computational tasks. These innovations pertain to the
strategies employed in designing integrated circuits to execute computational functions. They posited that the inherent
inefficiencies of broagpectrum compute archite¢ares, such as central processing units (CPUs), would gradually give way
to, or harmonize with, the enhanced computational potency and -effgctiveness offered by architectures fitened

for particular computational tasks. These specialized architestueferred to as domaispecific architectures (DSAS),

are optimized to efficiently handle specific computational workloads. Hennessy and Patterson's observations underscore
the evolving landscape of computer design, where the focus shifts towards agegatiposebuilt solutions tailored to

distinct tasks, thus potentially unlocking higher performance and efficiency for specific applications.

Simultaneously, the widespread adoption of computing and digital transformation is permeating numerous sectors,
encompassing cloud computing (encompassing Al andipégformance tasks), networking, edge computing, the Internet

of Things (IoT), and sadfiving systems. In this context, finelyned computational tasks specific to each domain are on
the rise, presentig domainspecific architectures (DSAs) with ample opportunities to deliver substantial performance

enhancements.

Consider the significant impact of extensive language models, which serve as pivotal components in generative Al. These

models, like ChatGPbring about heightened specialization within Al workloads, operating at a remarkably large scale.
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This trend could potentially drive a deeper level of hardware customization and specialization, further refining the

hardware components to cater to the unig demands of these specialized Al tasks.

The result is a dynamic landscape where DSAs stand to become even more vital, offering the potential to unlock

remarkable levels of efficiency and effectiveness in various computational contexts.

DSA complements or substitute General-purpose Compute . General Purpose Domain Specific Architecture (D5A)
by offering workload and application-specific features

All use cases Performance Requirement Processing Unit Solution

Compute General Purpose -
Compute

) Parallel . . Dy Graphics
A ’ Compute } - _'_ Processing Unit
. Build your own
High- [y Energy . or Energy-
Performance ' Efficiency ' efficient ASIC
oT - _ Network i Dat‘_’ Proct_assi ng
T — Offloads - Unit or Sl-PhO
based Chips
. R . . Neuromorphic-
. | _ Ultra-complex A Quantum-

The substantial commercial promise of Dom@&ipecific Accelerators (DSAs), encompassing both hardware and software
tailored for particular application domains, cannot be overstated. Notably, Graphics Processing Units (GPUs) have
captured a significant poidn of the market from edge to data centres with most of the techniques explained in the
previous chapter covered on their platform with majority contributions by Opearce developers (i.e. same GPU or its
feature scaled up or down versions can now bedifor Al, HPC, IOT/Edge, Analytics, Autonomous vehicles/Robotics &
Quantum simulations as well). And, so is the case with tensor core processors (TPU) which scale good Al but limited to
one platform available only to consume on one cloud service proVideir dominance stems from their ability to surpass

CPUs in scenarios demanding extensive parallelization, as observed in Al workloads involving learning and inferencing.
The enhancements in performance are nothing short of remarkable, often resultingrikloadspecific accelerations

ranging from 15 to 500 times the norm. In the automotive sector, preeminent providers offer tailored solutions that
furnish the essential loviatency, highperformance inference capabilities essential for the safe advancenoént

autonomous driving capabilities.

Observing the proliferation of DSAs into diverse application domains, the projections indicate that the revenue attributed
to DSAs is poised to reach around $90 billion by 2026. This impressive figure representsraiphpxio to 15 percent

of the global semiconductor market, a notable ascent from the roughly $40 billion recorded in 2022. Consequently, the
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notable surge in venture capital investments directed towards dorsaiecific design staiips is hardly unexpecte A
staggering $18 billion in funding has provided sustenance to approximately 15@ipgacbllectively over the past decade.
This stands in stark contrast to the preceding ten years, during which hardware investments were overshadowed by a

preference 6ér softwarefocused ventures.

Over the past decade, the landscape of Al has been significantly shaped by the integration of machine learning, particularly
through the utilization of intricate deep neural networks. The successful deployment of deep netwalrks took root

in the early 2010s, made possible by the escalated computational prowess of contemporary computing hardware.
Pioneering this path, Al hardware has emerged as a groundbreaking iteration of edetigmed hardware tailored

exclusively to raet the demands of machine learning tasks.

With the continued proliferation of artificial intelligence and its myriad applications, the trajectory becomes evident: a
heightened competition is poised to intensify among industry behemoths, each vying teeengnore coseffective and
swifter chips. This pursuit of innovation in chip technology is an inevitable consequence of Al's expanding reach across

various domains.

Al chips, often referred to as Al hardware or Al accelerators, constitute a distingfocptef purposebuilt accelerators
meticulously crafted to cater to the requirements of applications centered around artificial neural networks (ANNSs). The
focal point of these Al chips predominantly aligns with the realm of deep learning applicatiors, edrwhelmingly

dominates the landscape of commercial ANN implementations.

General purpose hardware uses arithmetic blocks for basimamory calculations. The serial processing does not give
sufficient performance for deep learning techniques, foramste- Neural networks need many parallel/simple arithmetic
operations and Powerful generplrpose chips cannot support a high number of simple, simultaneous operations. Al

optimized HW includes numerous less powerful chips which enables parallel pragessi

The Al accelerators bring the following advantages over using general purpose hamh{ard-aster computation:
Artificial intelligence applications typically require parallel computational capabilities in order tesophisticated

training models ad algorithms. Al hardware provides more parallel processing capabiityis estimated to have up to

10 times more competing power in ANN applications compared to traditional semiconductor devices at similar price
points, (b) High bandwidth memory: Spalized Al hardware is estimated to allocaté 4imes more bandwidth than
traditional chips. This is necessary because due to the need for parallel processing, Al applications require significantly

more bandwidth between processors for efficient perfornean

Al chips represent a class of highly specialized silicon chips meticuloudlyrfateto excel in the realm of Al workloads.

Their architecture is finely attuned to swiftly handle substantial volumes of data, rendering them exceptionaiyiteel

for intricate tasks like machine learning, deep learning, and the processing of neural networks. Unlike their- general
purpose counterparts, the conventional CPUs, Al chips are meticulously crafted to tackle the distinctive intricacies of Al
computations. TIs strategic specialization empowers them to exhibit unparalleled performance in the arena of Al

applications, frequently outshining CPUs by a substantial degree.

Beyond their role in optimizing computing system performance, Al chips also play a pivetal enhancing energy
efficiency. Traditional CPUs are notorious for their powengry nature, leading to elevated operational expenses and

environmental repercussions stemming from increased power consumption. In stark contrast, Al chips are meticulousl
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crafted with energy efficiency in mind, curbing power usage while maintaining robust performance. This distinctive

feature positions them as a sustainable alternative for kpghformance computing needs.

Despite the array of benefits they offer, Al chido encounter certain obstacles. A significant hurdle pertains to the

substantial expenses linked with their development and manufacturing, rendering them potentially unaffordable for

certain applications. Nonetheless, with the onward march of technokogy the eventual realization of economies of

scale, the cost associated with Al chips is projected to decrease. This anticipated reduction in cost will ultimately render

Al chips more attainable, catering to a broader spectrum of users.

DESIGN APPROACHBR Al CHIPSETS

Al chips employ innovative architectures to enhance their performance, which has been categorized from the most

prevalent to the emerging methodologies as below:

GPUs Graphical Processing Units were originally designed for acceleratingicabprocessing via parallel
computing. The same approach is also effective at training & Inferencing deep learning applications and is
currently one of the most common hardware used by Deep learning and Machine learning software developers.
Most currentand popular globally referred Al benchmarks such as MLPerfftb@ommongave demonstrated

record settings on varieties of Al workload Benchmarks on large numbers of GPU dosteested through

high-speed lower latency networks.

Reconfigurable neural processing unit (NPUhe architecture provides parallel computing and pooling to
increase overall performance. It is specialized in Convolution Neural Network (CNN) applicdticmsare a

popular architecture for Artificial Neural Networks (ANNS) in image recognition. San Diego and Taipei based low
power edge Al startuKneronlicences the architecture on wdt their chips are based; a reconfigurable neural
processing unit (NPU). The fact that this architecture can be reconfigured to switch between models in real time
allows creating an optimized hardware depending on the needs of the applicai®nNationalnstitute of
{GFYyRIFNRa |yR ¢SOKy2t238 o6bL{¢0 NBXO23ayAT SR YYSNRYyQ:
under 100 MB.

Neuromorphic chip architecturesThese are an attempt to mimic brain cells using novel approaches from
adjacent fields suchs materials science and neuroscience. These chips can have an advantage in terms of speed

and efficiency on training neural networks. Intel has been producing such chips for the research community since

2017 under the namekoihiand Pohoiki.

Analog memorybased technologiess A A (il f aeaidisSvya odzAfd 2y nQa | yR M
However, analog techniques contain signals that are constantly variable and have no specific iBkbes.
research teandemonstrated that large arrays of analog memory devices achieve similar levels of accuracy as

GPUs in deep learning applications.

Wafer chips:For exampleCerebrass building wafer chips by producing a 46,225 square millimeter (~72 square

inch) silicon wafers containing 1.2 trillion transistors on a single chip. Thanks to its higheythe chip has
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400,000 processing cores on it. Such large chips exhibit economies of scale but present novel materials science

and physics challenges.

APPLICATION AREAS FOR Al CHIPSETS

Al chipsets are used across a wide range of industries and appiigatidhere they bring significant performance

improvements and efficiency gains to various tasks. Here are some of the key areas where Al chipsets are used:

1.

10.

11.

12.

Data Centers and Cloud Computindit chipsets are extensively used in data centers to acceleratewkloads,
including training and inference for deep learning models. They enable faster and more efficient processing of

large datasets, making clodzhsed Al services more powerful and responsive.

Edge ComputingAl chipsets are deployed in edge devisash as smartphones, smart cameras, drones, and loT
devices. This allows retime processing of Al tasks directly on the device, reducing latency and enhancing privacy

by minimizing the need for data transmission to centralized servers.

Autonomous Vehicls: Al chipsets play a crucial role in enabling advanced driver assistance systems (ADAS) and
seltdriving cars. They process sensor data in real time, makingssglind decisions for navigation, collision

avoidance, and situational awareness.

Healthcare: Al chipsets are used in medical imaging for tasks like image analysis, diagnosis, and anomaly
detection. They also enable personalized medicine by analyzing patient data to predict and recommend

treatments.

Natural Language Processing (NLR):chipsets pwer language processing tasks such as speech recognition,
sentiment analysis, language translation, and chatbots, making interactions with computers and devices more

natural and intuitive.

Finance:Al chipsets are employed in algorithmic trading, fraudedgon, credit scoring, and risk assessment.

They analyze vast amounts of financial data to make informed decisions and predictions.

Manufacturing and Industry 4.0Al chipsets enhance automation and predictive maintenance in manufacturing,

optimizing praluction processes and minimizing downtime through #&ak data analysis.

Agriculture: Al chipsets are used for precision agriculture, where they analyze data from sensors, drones, and

satellites to optimize crop management, irrigation, and yield prediicti

Energy ManagementAl chipsets contribute to smart energy grids by analyzing data from sensors to optimize

energy distribution, monitor usage, and predict maintenance needs.

Retail: Al chipsets power recommendation systems, inventory management, castanalytics, and cashierless

checkout systems in retail environments.

Security and Surveillancél chipsets enable intelligent video analytics for security and surveillance, identifying

suspicious activities and objects in real time.

Environmental Monitaing: Al chipsets process data from sensors to monitor and manage pollution levels,

weather patterns, and natural disasters.
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13.

14,

15.

16.

Scientific ResearchAl chipsets aid in data analysis and simulations in scientific research, contributing to fields

like astronomy physics, and drug discovery.

Entertainment and GamingAl chipsets enhance graphics rendering, enable realistic virtual environments, and

improve character animations in video games and virtual reality applications.

Education: Al chipsets support personalized learning experiences, adapt educational content to individual
student needs, and provide tools for interactive learning platforms. The new trend of outsourcing labeling/

annotating work is all done using Al chipset anchtemlogies around it.

HPC:AI chipsets have found significant applications in various -Raformance Computing (HPC) areas,
enhancing computational capabilities, accelerating data processing, and enabling advanced simulations. Some of
the key HPC areas wte Al chipsets are used includscientific Simulations, Genomics and Bioinformatics,
Material Science, Seismic Imaging, Astrophysics and Astronomy, Particle Physics, Drug Discovery,

Neuroscience, Quantum Chemistry, Cryptography, Environmental Modeling, e

CRITERIA FOR ASSESSING THE Al HARDWARE

Some of the important criteria for assessing the performance of the Al Hardware include but are not limited to the

following:

VI.

Processing speedAl hardware enables faster training and inference using neural netw(akd-aster training
enables the machine learning engineers to try different deep learning approaches or on optimizing the structure
of their neural network (hyperparameter optimizati); (b) Faster inferences (e.g., predictions) are critical for

applications like autonomous driving

Development platforms:Building applications on a standalone chip is challenging as the chip needs to be
supported by other hardware and software for démgers to build applications on them using high level
programming languages. An Al accelerator which lacks a development board would make this device challenging

to use in the beginning and difficult to benchmark.

Power requirementsChips that will functin on battery need to be able to work with limited power consumption

to maximize device lifetime.
Size:n IoT applications, device size may be important in applications like mobile pboeewll devices.
Cost:As always, Total Cost of Ownership of tlewice is critical for any procurement decision.

Scale up and Scale ouln-node communication and Intemode communication is a key criteria today for Al
Training workloads and determines how best and fast you can train the model and go to market deploy.

latency Interconnect are increasingly becoming integral part of theéoihpute Infrastructure today.

Al CHIPS REQUIREMENT IN HPC SYSTEMS

Because of their unique features, Al chips are tens or even thousands of times faster and more efficient thdor CPU

training and inference of Al algorithms. Staikthe-art Al chips are also dramatically more ceffective than stateof-
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the-art CPUs as a result of their greater efficiency for Al algorithms. Al chips include three classes: graphics processing

units (GPUs), fielgrogrammable gate arrays (FPGAS), and applicatpatific integrated circuits (ASICs).

GPUs were originally designed for imggecessing applications that benefited from parallel computation. In 2012, GPUs

started seeing increased userftraining Al systems and by 2017, were dominant. GPUs are also used for inference.

[Evolution of models/frameworks and computing trends from 2012 breakthrough of AlexNet]

GLOBAL LANDSCAPE OF Al CHIPSETS

There are several global leaders as weltast-ups involved in designing & innovating the Al Chipsets including but not

limited to the following:

Big Enterprises

NVIDIA:s a pioneer in the field of Al hardware with its GPUs, which have been widely adopted for Al and deep
learning tasks. They irdduced specialized Al hardware like the Tensor cores first in P100s and then throughout

as well into their latest, % generation in NVIDIA HOO GPU. Tailored for Jpigtiormance Al workloads, NVIDIA

H100 GPUs today supports Transformer engines as welLBE L ! Qa OKALJASGa NS RSaa
problems in various industries (claims 4M+ developers with over 500+ SDKs/Libraries and over 1000+ opensource
containers for Al applications on their website). Orifor example, is the basis for an autonoosodriving

solution, while Hopper and®GX H100 (flagship GPU System of NVIDIA) are for data centers & L40s is for
Inferencing varkloads. The DGX H100 System a Supercomjiugebox integrates 8 GPUs and up to 640GB GPU
memory. Nvidia Grace CPU is the new Al chip model that the company released for the HPC mazkéBiand
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