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Abstract. Existing Artificial Intelligence (AI) driven automation solu-
tions in enterprises employ machine learning, natural language process-
ing, and chatbots. There is an opportunity for AI Planning to be applied,
which offers reasoning about action trajectories to help build automation
blueprints. AI Planning is a problem-solving technique, where knowledge
about available actions and their consequences is used to identify a se-
quence of actions, which, when applied in a given initial state, satisfy a
desired goal. AI Planning has successfully been applied in a number of
domains ranging from space applications, logistics and transportation,
manufacturing, robotics, scheduling, e-learning, enterprise risk manage-
ment, and service composition. In this paper, we discuss experience in
building automation solutions that employ AI planning for use in enter-
prise IT and business services, such as change and event management,
migration and transformation and RPA composition. We discuss chal-
lenges in adoption of AI planning across the enterprise from implemen-
tation and deployment perspectives.
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1 Introduction

For the past several years there has been a focus on AI driven automation in
services business, with successful solutions that employ Machine Learning (ML),
Natural Language Processing (NLP), and chatbots. We believe there is also
an opportunity to apply AI Planning in multiple domains e.g., to accelerate
migration processes and IT service management (ITSM), speed up creation of
RPA solutions and to further enhance chatbots.

AI Planning offers a capability to reason about possible action trajectories
to help build automation blueprints. We discuss use cases in services business,
proposed framework and challenges to adoption of AI planning.
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2 Use Cases

AI Planning offers automated means to schedule, re-plan when needed and man-
age the design phase of migration processes [8], and can be further used to
dynamically assemble (and reassemble) sequences of actions that drive the mi-
gration execution process. We also see an opportunity for AI planning in IT
Service Management, such as event management, change management, and ser-
vice management. Similarly, one catalyst for exploring the use of AI Planning in
the process specification area is the field of Robotic Process Automation (RPA),
and more broadly workflow management.

The general idea of using AI Planning to orchestrate services was explored
in the Web Services area [10]. Hoffmann et al. [6] provides a first exploration of
how planning can be applied in connection with SAP-based business processes.
In task-oriented conversation scenarios, bots are designed to follow a pre-defined
dialog flow to respond to user’s intents, collect information, take actions and
fulfill the user predefined task. But in many business scenarios, tasks are complex
and difficult to define as a logical flow, and this opens an opportunity for AI
planning.

3 Framework for AI Planning in Enterprise

There are two phases in the application of AI Planning to business domains.
At design time: the domain is explored, the problem is specified, stakeholders
validate the expected value, the solution is designed, and the implementation is
built. Typically at run time, the implementation is executed, plans are created
on-demand, and are recreated as unforeseen events occur plan actions are exe-
cuted, and the implementation is refined as necessary. The design time vs. run
time distinction is somewhat variable. Specifically, if the domain is both stable
(unchanging) and well understood, it is possible that plans can be generated
once during design time and then used repeatedly throughout run time. In this
case, a Subject Matter Experts (SME) might review and refine the plan before it
is used for repeated execution. Also, in this approach the plans typically include
conditionals, so that a single plan can accommodate variations that will arise as
the plan is applied to different real-world cases.

Figure 1 illustrates how a Planning capability can be situated in an overall
process automation scenario. Starting from the bottom center, the figure shows
a library of re-usable configurable items, including micro-robots, decisioning ca-
pabilities, and manual tasks. The engines for the configurable items are shown
at the bottom, including the ML-based decisioning components, the Robot En-
gines (from various vendors), and the rules engine. The configurable items are
callable using REST APIs, gRPC APIs, or similar. The meta-data about the
configurable items is based on a World Model that supports generic business
processes (e.g., supporting notions of process flows and conditionals) and also
the application at hand (e.g., including data structures for the different business
entity types that progress through the process). There is also meta-data about
the client environment (e.g., system configuration information).
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When applying AI Planning for process specification there is a design-time
variant, where the plan is created in advance and includes conditionals, and
a run-time variant, where planning is preformed dynamically, at the beginning
and/or in the middle of process execution. The design-time variant is appropriate
when developing a process that will be run many times (e.g., invoice processing,
supply chain management, report generation) or where a manual validation and
refinement of the automatically generated plan is desired. The run-time variant
is useful for handling exceptional situations. Figure 1 shows Planning Engines
in two places, corresponding to the use of design-time or run-time planning.
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Fig. 1. High-level framework

Finally, the top layer of the figure shows the main user interface capabilities
of the framework. These include, for design-time planning, a UI for specifying
the goals to be achieved, and also for reviewing and refining the generated plans
and process schemas. For both design-time and run-time planning there are UIs
for end-user task performance and for monitoring and reporting.

4 Challenges in AI Planning for Enterprise

Non-experts rarely are familiar with the existing planning tools and their for-
malisms. For example, tools that provide a provably optimal solution might be
of interest for some tasks, while tools that provide a solution of increased quality
in an anytime manner can be desired in other cases. Thus, there is a clear benefit
in removing the burden of choosing the right tool from the non-expert user.

The work on planning portfolios, where multiple planners for the same com-
putational problem are exploited to derive a meta-planner for that computational
problem is one step in that direction [4, 9, 12]. Across computational problems,
aside of educating the user, not much has been done so far. One possible step in
that direction is creating a single entry point that receives a planning task and re-
turns solutions for multiple computational problems, emphasizing the differences
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in solution quality, consumed resources, and solution guarantees. That way, the
user will be able to make an intelligent decision about the actual computational
problem and the respective (meta-)planner to use.

Per computational problem, the performance issues may be tackled by in-
troducing additional planners, and making the choice of the actual planner task
dependent. Performance can improve gradually, with every additional planner
added to the meta-planner.

Since planning domains often ignore large parts of the actual problem at
hand, all too often, the obtained solutions are not fully applicable in the real
world. Further, since planning tools are not easily maintained by generalists, it
might be beneficial to minimize the actual planning at the critical path of an
application.

To ease the entry into planning for the general crowd, it might be beneficial
to focus on a small set of domains of specific interest, such as IT service manage-
ment. In these domains, specific tools can be created to extract the knowledge
needed in order to create the planning model. Creating such tools will reduce
the barrier to using planners for these applications.

Difficulty of modeling planning tasks is one of the major obstacles to using
planners, there are research efforts on developing tools that help with generic,
domain-independent modeling, such as itSIMPLE [14]. Other possibilities may
include the use of Mind Maps, a graphical representation of concepts and rela-
tions, to address the knowledge engineering challenge. The domain knowledge
can be encoded by one or more Mind Maps connected by the same concept used
in multiple Mind Maps. The system can then translates the Mind Maps into an
AI planning problem automatically [13]. It is also possible to learn the causal
relation between the concepts in order to build the Mind Maps automatically
from scratch or augment or validate existing ones [5].

Another area for research is how to develop systems that automatically learn
the actions that comprise the domain descriptions. The goal would be to learn
both the actions themselves coupled with preconditions and effects. Predicates
would need to be consistent across all the atomic actions. Some early work is
being done on learning the actions from SMEs (e.g. generating high level descrip-
tions and approximated preconditions and effects, prompting the SME to refine
them); business process information is extracted from text-based descriptions
using natural language processing [11, 7, 3].

5 Conclusion

We presented use cases of AI planning as means of automating IT and Business
services. We introduced key elements of an overarching framework, which brings
together planning at design and runtime phases. We then outline key research
challenges to full adoption of AI planning for automation in the Enterprise,
including lack of tooling that enables seamless and automated development of
world models, coupled with generic planning models. Future work will focus on
integration of planning and learning.
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