AI and ModelOps
with Intelligent
Automation
Bring DevOps and AI Together to Optimize Your
Technology Investments

C O M M I S S I O N E D BY

F E B R UA RY 2 0 2 0
© C O P Y R I G H T 2 0 2 0 4 5 1 R E S E A R C H . A L L R I G H T S R E S E R V E D.

About this paper
A Pathfinder paper navigates decision-makers through the issues
surrounding a specific technology or business case, explores the
business value of adoption, and recommends the range of considerations
and concrete next steps in the decision-making process.

A B O U T T H E AU T H O R

M AT T A S L E T T
RESEARCH VICE PRESIDENT

Matt Aslett is a Research Vice President with
responsibility for 451 Research’s Data, AI and Analytics
Channel – including operational and analytic databases,
Hadoop, grid/cache, stream processing, data integration,
data governance, and data management, as well as data
science and analytics, machine learning and AI. Matt’s
own primary area of focus currently includes distributed
data management, data catalogs, business intelligence
and analytics, data science management, and enterprise
knowledge graphs.

COMMISSIONED BY IBM

2

Executive Summary
The most successful enterprises have embraced modern software as a primary differentiator.
The rapid development and delivery of applications and features at scale is key to succeeding
in the hypercompetitive modern digital environment. That includes the adoption of DevOps
application development and deployment processes, as well as IT automation, and the
development of artificial intelligence (AI) models. Indeed, the most successful companies are
combining all three by ensuring that automation enables the successful deployment of AI and
other models into production as part of the software development and deployment process,
driven by business outcomes.
Successfully doing so is easier said than done. Complexity and cost, as well as concerns about
governance, security and compliance risks, are barriers to the wider adoption of DevOps. In
addition, challenges related to deploying the results of model development and data science
experimentation into operational systems remain a barrier to success with AI, particularly in
multicloud environments.
ModelOps has emerged as a critical enabler for synchronization of the application development
and model development lifecycles. ModelOps can ensure that not only are models successfully
deployed into modern applications but also that the results are fed back into the retraining of
models and development of application updates to drive business outcomes.
Enterprises leading the adoption of ModelOps stand to gain a competitive advantage over
their rivals in terms of the ability to respond to evolving data, data sources and use cases, as
well as changing business requirements and competitive threats as part of the model lifecycle.
Successful adoption of ModelOps powered by automated AI lifecycle management enables
businesses to trust and explain the models they use, which can reduce the time to deploy
models into operational processes.

The Growing Importance of ModelOps
Digital transformation has been one of the leading business imperatives for many years. DevOps,
automation and AI have emerged as three significant pillars that support transformational
change. Indeed, it is clear that the use of models to drive transformation initiatives, along with
adoption of DevOps development and deployment processes and automation can separate the
leaders from the laggards.
According to the results of 451 Research’s Voice of the Enterprise: DevOps, 2H 2019 survey,
56% of digital transformation leaders have fully adopted DevOps across 100% of their IT
organization, compared to 37% of digital transformation laggards. Almost half (45%) of digital
transformation leaders have all or mostly automated IT processes, compared to just 16% of
digital transformation laggards.
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Similarly, 451 Research’s Voice of the Enterprise: AI/ML survey also showed that there is a
clear correlation between the use of machine learning (ML) models and success with digital
transformation as more than half (52%) of digital transformation leaders have adopted ML,
compared to less than a quarter (22%) of digital transformation laggards.

Figure 1: Leaders vs Laggards: adoption of DevOps, automation and ML models
Source: 451 Research: Voice of the Enterprise: DevOps, 2H 2019
Q: Which of the following best describes the level of IT automation in your organization?
Q: What is the current level of DevOps adoption at your organization?
Source: 451 Research’s Voice of the Enterprise: AI and Machine Learning, Infrastructure 2019
Q: Which of the following best describes your organization’s current machine learning adoption status?
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It is clear that the use of models to drive transformation initiatives can separate the leaders from
the laggards. Indeed, as models are becoming increasingly critical to the development of modern
cloud-native applications, enterprises need to consider the use of models beyond machine
learning – such as operational models, optimization models and transformational models – to
gain the full advantages of a model-based approach.
Incorporating the results of model development into the application development and
deployment process requires the development and deployment lifecycles of both applications
and models to be continuous and synchronized. Intelligent automation to align with DevOps’
continuous integration and continuous delivery (CI/CD) pipelines can help streamline the
synchronization of application and model development processes.
What is required is an approach – known as ModelOps – that operationalizes model deployment
and management throughout the application development and deployment lifecycle, with a goal
of operationalizing models in production. Given the global multicloud operational environments
that DevOps has enabled, the flexibility to build and deploy models and integrate them with
DevOps processes anywhere across any cloud is also crucial.
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ModelOps represents the confluence of several industry trends that support transformational
agility. In addition to automation, DevOps and AI, open cloud-native architecture based on loosely
coupled microservices – a critical technology for DevOps implementations – enables the rapid
development and deployment of applications, as well as workload portability as data volumes
grow and data processing needs evolve.
Equally critical is ensuring that the models are governed, trusted and explainable and that they
deliver measurable outcomes. Models must be aligned with business goals, compliant with
regulatory or policy requirements, and able to evolve as the data, data sources, application use
cases and business requirements change. This requires a platform approach that enables end-toend management of data, models and microservices.

The Business Imperative for ModelOps
As an increasing number of enterprises invest in ModelOps, successful execution will evolve
to become a key differentiator in developing and deploying model-driven applications. The key
benefits and outcomes of ModelOps are not limited to small-scale improvements in efficiency
but are potentially transformational.

Figure 2: ModelOps outcomes
Source: 451 Research
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This is enabled through the delivery of measurable outcomes that are focused on three key
business imperatives:
Alignment with business goals
By synchronizing the application development and deployment and model development
processes, ModelOps can ensure that models developed by the organization are not just
technically accurate but also closely aligned to business goals and the operational requirements
that are a foundation of the agile application development process.
Flexibility to evolve with business requirements
The processes that drive the continuous delivery and development of applications can also be
beneficial in driving continual operational feedback into the model development, training and
testing process. The continuous learning, dynamic retraining and optimization of models on the
basis of application performance and changing business requirements and production data also
needs to be integrated into DevOps processes. As training data impacts model performance, it is
also important to build and deploy models against data wherever that data resides.
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Mitigation of model bias and compliance risk
By integrating the development of models with agile application development, enterprises can
ensure not only that the applications are responsive to changing business requirements but
that they are also compliant with evolving regulatory and risk needs. There is a danger that the
introduction of automation can potentially worsen the impact of model bias. As such, real-time
mitigation of model risk is a key consideration along with explainability of models. ModelOps
provides a foundation for the governance of models as part of the continuous application
development and deployment process.

Drivers for ModelOps
As stated, the emergence of ModelOps can be seen as the result of the confluence of key trends
in cloud, application development and AI that are shaping the future of enterprise business
strategies. Enterprises are in a position to more rapidly develop new applications and systems
that are responsive to the evolving needs of employees, customers and partners in the form of
AI models.
Doing so involves increased use of models to predict and optimize outcomes to be applied
to cloud-native applications. The key trends include the maturing adoption of DevOps, the
advanced application of automation to model development/deployment and DevOps processes,
the adoption of cloud-native architecture, and the increased importance of models to drive
transformational change.

Figure 3: The confluence of multiple trends is driving ModelOps
Source: 451 Research
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The Adoption and Evolution of DevOps
DevOps – the joining of software development and IT operations for faster releases, improved
efficiency and to effectively leverage cloud computing infrastructures – has revolutionized
application development and accelerated transformational initiatives that span multiple cloud
environments. Enterprises are increasingly looking to DevOps workflows and releases to
accelerate value capture as they seek to modernize their infrastructure and leverage innovative
technology such as cloud-native software and models, and adoption of DevOps is now
widespread. Only 1% of respondents to 451 Research’s Voice of the Enterprise: DevOps, 2H 2019
survey said they had not implemented DevOps and have no plans to do so.

Figure 4: Adoption of DevOps
Source: 451 Research’s Voice of the Enterprise: DevOps, 2H 2019
Q. What is the current level of DevOps adoption at your organization?
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DevOps adoption is also being driven by advantages that go beyond faster releases, including
flexibility to quickly respond to changes in the market, managing larger-scale infrastructure
with smaller, more agile teams, and enhanced teamwork. DevOps was initially a ‘bottom up’
trend driven primarily by developers. In today’s DevOps market, adoption is driven as much, or
even more so, by company leadership, managers and central IT teams, which are focused on
better serving developers, driving efficiency in IT operations and creating enhanced value for
their organizations. This is particularly true among digital transformation leaders, which are
substantially more likely than digital transformation laggards to have all-sanctioned, centrally
managed DevOps processes (as opposed to unsanctioned or distributed DevOps adoption).
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In addition to being driven by senior management and leadership, adoption of DevOps has grown
thanks to the involvement of a number of other stakeholders. The participation of security,
central IT admins, data analytics and science teams has been critical to successful DevOps
implementations, particularly as they span more broadly across enterprise organizations.
Aligning priorities and objectives and fostering cross-discipline experience are the top two ways
organizations see DevOps as creating cultural synergy, and they believe that involvement of
multiple stakeholders is essential to that.
One-third of
respondents cited
data science and
data analytics
professionals as
key stakeholders
in DevOps
implementation...

In particular, there is growing recognition of the importance of involving data and analytics
personnel, not least since data processing, analytics and business intelligence is the most
popular category of applications that are developed and deployed using a DevOps approach.
One-third of respondents cited data science and data analytics professionals as key stakeholders
in DevOps implementation, followed by database administrators (30%).

The Automation of DevOps Processes
Infrastructure and process automation tools are key elements of any DevOps implementation.
Indeed, one of the reasons why we’ve seen a connection between DevOps and digital
transformation is because DevOps embodies effective use of cloud computing resources and
cloud-native software in addition to faster releases and more efficient IT operations.
As enterprises move from monthly or quarterly software release cycles to weekly, daily or even
hourly, automation is essential to keep up with the pace of innovation. Daily or hourly release
cycles are still the exception for most enterprises, but 451 Research survey data shows that
they are far more common among enterprises that have fully embraced DevOps. More than
30% of respondents that have full DevOps adoption across 100% of the IT organization are
deploying software on a daily or hourly basis, compared to 14% of those that have isolated
adoption of DevOps.
That pace of development cannot be maintained without automation, particularly at scale. It
is not surprising, therefore, that full adoption of DevOps goes hand in hand with automated
processes. Our survey results show that 7% of respondents with full DevOps adoption across
100% of the IT organization have automated all processes, compared with just 1% of those
that have isolated adoption of DevOps.
Additionally, the use of AI to automate and accelerate DevOps workflows and processes can
facilitate model operationalization. Examples include automated infrastructure monitoring and
management (infrastructure as code), AI-driven automated testing and process improvement,
and AI-driven quality assurance control. The use of AI to automate DevOps can create a virtuous
circle that increases the potential for successful AI model deployment into operational systems.
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Cloud-Native Architecture and Loosely Coupled Microservices
Cloud-native approaches based on microservices have had a profound impact on the business
landscape by enabling the rapid development and deployment of modern applications. We see
heavy use of cloud-native software by enterprise DevOps teams, with 90% of respondents to
our Voice of the Enterprise: DevOps 1H 2019 survey reporting cloud-native as very or somewhat
important to DevOps.
DevOps-focused organizations identify microservices and containers as the most important cloudnative technologies. Unlike more traditional monolithic approaches, microservices architecture
supports the decoupling of model development from deployment, allowing for greater business
agility and architectural flexibility and accelerating model and application development times.

Figure 5: Cloud-native technologies and methodologies most critical to DevOps
Source: 451 Research’s Voice of the Enterprise: DevOps, 2H 2019
Q. Which cloud-native technologies and methodologies are most critical to your organization’s DevOps implementation?
(Select all that apply)
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Cloud-native methodology and software are also crossing over with AI and machine learning;
Kubernetes is an increasingly attractive option for data scientists to orchestrate the distributed
architecture required to run multiple machine learning libraries and frameworks in production at
scale. For example, one key use case across several verticals involves multicloud environments
that can be quickly spun up or down to support massive simulations.
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Cloud-native architecture can be used to enable data scientists to create and train models in
self-contained environments and packaged with the necessary data and dependencies that can
then be deployed into production with the advantage of autoscaling, failover, and infrastructure
monitoring and management, as well as execution venue abstraction. As the results of AI model
development are increasingly integrated into the delivery of AI-driven cloud-native applications
to exploit the advantages of microservices architecture, there will inevitably be a significant
interdependency between the model development and DevOps lifecycles.

Models Driving Transformational Change
As DevOps has become mainstream, many enterprises are evolving even further to focus on
the benefits of model-driven approaches powered by automation, prediction and optimization
that can further accelerate transformation initiatives. The use and variety of models is
expanding – involving not just routine ML models but also operational models, optimization
models and transformational models. Indeed, we see that leading organizations are building
custom AI models as well as using routine ML models consumed as a service or via open source
tools. Despite the growing development of models, moving from experimentation to production
deployment remains a challenge. For example, even among those that have already adopted
machine learning, 28% report that deploying the results into operational systems is a barrier.
Developing models is one thing. Deploying models into production and relying on them to drive
transformational change across the business is quite another, and requires a combination of
data, talent and, above all, trust. The latter is particularly important in that if an enterprise is to
scale use of models to drive transformational change, it needs to be able to trust the data on
which those models are based and expand the talent pool that takes advantage of automation
and other toolsets.
That trust provides the foundation on which an enterprise can commit to the adoption of
models to drive transformational change. In addition, the models need to be managed,
scalable and resilient, measurable, and adaptable to enable the models to evolve in response
to changing business requirements, use cases, data sources and data. To succeed, enterprises
must fine-tune investments not only in data science and analytics to create the predictive and
prescriptive models that automate business processes and agile decision-making, but also in
DevOps to incorporate the results of models that reflect the changes in production data into
cloud-native applications.
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The Confluence of DevOps and
Model Development
ModelOps builds on and extends the existing confluence of data processing/analytics and
DevOps. 451 Research’s survey of DevOps practitioners illustrates that data processing, analytics
and business intelligence applications are the most popular focus of a DevOps approach, cited by
62% of respondents.

Figure 6: Applications benefitting from DevOps
Source: 451 Research’s Voice of the Enterprise: DevOps, 2H 2019
Q. For which types of applications does your organization take a DevOps approach? (Select all that apply)
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Once again, digital transformation leaders are setting the pace, with 69% using DevOps for data
processing, analytics and business intelligence, compared to only 49% of digital transformation
laggards. Meanwhile, analytics, automation and AI/ML are among the most important technology
trends (along with cloud) that support DevOps implementations. Nearly half (46%) of DevOps
practitioners rated data analytics as important to their DevOps projects, ahead of public cloud
(32%) and AI/ML (27%).
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Accelerating DevOps with increased AI lifecycle management can facilitate ModelOps,
increasing the potential for successful model development and deployment, while the
synchronization of application development and model development lifecycles can ensure
that models are successfully deployed into cloud-native applications. Additionally, as noted
above, intelligent automation enables the application of AI to automate and accelerate model
development, deployment, monitoring and improvement, as well as DevOps workflows and
processes. As a greater variety of models become ingrained in the development of cloudnative applications, it has become increasingly important to ensure that the development and
deployment of both applications and models is continuous, automated and synchronized.

Figure 7: The synchronization of application and model development and deployment
Source: 451 Research
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The Implications of ModelOps
It was stated above that rapidly developing new applications and systems that are responsive
to the evolving needs of employees, customers and partners requires a transformational
combination of data, technology, people and processes. The adoption of ModelOps involves
not just adoption of new technologies but also cultural change to embrace the opportunities
to overcome traditional silos that have separated line-of-business departments from data and
resources, and application developers from data scientists and data engineers.
In order to take advantage of the opportunities provided by ModelOps, enterprises need to
ensure that they are fostering collaboration among groups. Doing so may require training,
automation and organizational change – or more likely a combination of all three. Scarcity (and
the cost) of talent is a concern for all organizations. Tools that can fully or partially automate data
science tasks can increase productivity of talented data scientists and engineers and empower
developers, DevOps engineers and ModelOps engineers to participate in AI implementation
while enabling a new generation of data scientists and analysts.

Recommendations
ModelOps as a framework for the automation of models as part of the DevOps lifecycle
will become a key discipline that will enable the synchronization and continual coevolution
of model and application development lifecycles. Enterprises that are successfully able to
combine microservices architecture with agile and automated approaches to the development
and deployment of both applications and models will be at an advantage in accelerating the
development of AI-infused applications and driving transformational change.
In order to benefit from the advantages of ModelOps and drive transformational leadership,
enterprises should ensure they are doing the following:
People:
• Model readiness for DevOps: Adopt DevOps application development and deployment
processes across all or most of the IT organization and ensure that adoption is ‘top down’ –
driven by company leadership, managers and central IT teams to better serve developers and
deliver efficient IT operations. Design DevOps practices with a view to integrating seamlessly
with ModelOps.
• Organize for DevOps and ModelOps: Reconsider organizational structures with a view
to fostering collaboration between individuals involved in DevOps and ModelOps to drive
transformational change, including potentially embedding ModelOps practitioners within
DevOps teams. In addition, skills development and training across data, application and IT
disciplines are crucial in evolving your organization.
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Process:
• Intelligent use of AI and DevOps automation: Adopt automation of AI lifecycle management
to streamline the process of managing applications and models. Review or redesign an end-toend process to drive continuous learning and manage models with special emphasis on training
and production data. In addition, make use of AI to automate key DevOps processes, such
as automated infrastructure monitoring and management, AI-driven automated testing and
process improvement, and AI-driven quality assurance control.
• DevOps and ModelOps synchronization: Synchronize application development and model
development lifecycles to ensure that models are successfully deployed into operational
applications and that the results are fed back into the retraining of models and development of
application updates.
Technology:
• Multicloud data and AI architecture: Invest in data-driven, cloud-native architecture and
microservices to support the rapid development and deployment of applications, as well as
workload and model portability across multiple clouds. Consider the ability to take advantage
of data wherever it resides across the enterprise as both a source of insight and model training.
• Think beyond machine learning models: Make use of AI models beyond machine learning,
such as operational models, optimization models and transformational models, to gain the full
advantages of a model-based approach.
• AI governance at scale: Ensure that models are governed, trusted and explainable and result
in the development of applications that are aligned with business goals, compliance-related
regulations, and are flexible to evolve with changing business requirements at scale.
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As organizations accelerate their digital transformations to better predict and shape future outcomes,
empower higher-value work and automate experiences, the need to embrace AI is growing ever
more critical. IBM Cloud Pak™ for Data is a fully-integrated data and AI platform that modernizes how
businesses collect, organize and analyze data and infuse AI throughout their organizations. Built on
Red Hat® OpenShift® and deployable in just hours and easily extendable with a growing array of IBM
and third-party microservices, IBM Cloud Pak for Data runs across any cloud, enabling organizations to
more easily integrate their analytics and applications to speed innovation. IBM Cloud Pak for Data fully
supports multicloud environments such as Amazon Web Services (AWS), Azure, Google Cloud, IBM
Cloud™ and private clouds.
IBM Cloud Pak for Data integrates IBM Watson®
AI technology, Watson Knowledge Catalog,
Watson Studio, Watson Machine Learning
and Watson OpenScale – virtually everything
organizations need to build and scale AI models
with trust and transparency.

CONTENT
P R O V I D E D B Y:

IBM Watson Studio Premium for Cloud Pak
for Data is a consumption-based, valueadded offering that includes IBM Decision
Optimization, SPSS Modeler and Hadoop
Execution Engine. Watson Studio Premium
helps businesses speed time to value with
automated AI lifecycle management, ideal
for ModelOps.
With Watson Studio Premium, businesses can
capitalize on the combined power of predictive
and prescriptive analytics using machine
learning and decision optimization. This unique offering can help you apply AI techniques to simplify
the optimization modeling process, and as a result, reduce the time needed to make smarter decisions.
Data science teams can solve complex problems using optimization technology and AI within a unified
environment. It’s also one of the most unique enterprise AI offerings that can help you predict and
optimize business outcomes in a unified data and AI platform.
Watson Studio Premium also empowers data science teams to choose between visual modeling tools
such as SPSS Modeler and open source tools like Python, R and Scala. Businesses can use intuitive
design methods to build their algorithms or models without the need for coding skills – or they could
use open source tools or a mixture of both, based on available skills. Also included as part of the
Watson Studio Premium is the Hadoop Execution Engine, which helps organizations drive insights by
bringing AI models to Hadoop and the big data ecosystem securely. This approach obviates the need
to move data to where high performance AI processing takes place. Learn more at https://www.ibm.
com/analytics/data-science.
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