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Abstract: Crises and disruptive events over new technologies like artificial intelligence,
have transformed supply chains management. This literature review proposes a conceptual
framework to identify the relevance of digitalization and artificial intelligence for decision-
making through S&OP. Selected articles use mathematical models to resolve conflicts
between objectives related to value parameters (revenue, cost, cash, asset and sustainability)
and optimize planning. Half of the articles integrate computational intelligence, but do
not directly address the use of Al in S&OP. One promising stream is the S&OP process as
study object where artificial and generative intelligence will play a key role in collective
and collaborative intelligence.

Keywords: supply chain; supply chain management; performance management; sales &
operations planning; decision-making; digitalization; artificial intelligence

1. Introduction

The development of recent crises, such as COVID 19 and the Near East conflict, and
disruptive technologies with digitalization and artificial Intelligence (AI) have transformed
supply chain management and business in general. This had its effect on the (re)definition
of performance and decision-making processes. Many terms have thus succeeded in
describing this business posture renewal and found a strategic combination: flexibility,
agility, demand-driven, data-driven, real time measure and decision-making and above all
resilience. To understand how this renewal affects the management of the supply chain
and the performance management, we have conducted a structured review of the scientific
literature. Companies try to respond in time to any business opportunity or to react to a risk
or hazard in supply chain (SC) operations. This is achievable if the steering process of the
desired future, sales and operations planning (S&OP), integrates this agility and resilience.
It is in companies’ full interest to define a new set of indicators to reflect the potential of the
current business context transformed by the new game changer digitalization combined
with artificial intelligence.

Authors of systematic reviews on S&OP have studied an integrative vision of the S&OP
process [1], different effects and performances of S&OP practices [2], and the coordination
mechanisms allowing for vertical and horizontal integration of plans through the S&OP
process [3]. Ref. [4] identifies contextual conditions in relation to the implementation and
deployment of the S&OP process. Ref. [5] compares S&OP process practices between
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process and discrete manufacturing industries. Other authors [6-8] have also developed
literature reviews about the purpose, deployment and contributions of S&OP. Ref. [9] has
worked on empirical and theoretical perspectives in the S&OP process. They identify three
main research streams: S&OP and performance, the implementation of the S&OP process
and the contextualization of S&OP design. The present study also refers to the theory
of contingency: the S&OP purpose and deployment depend largely on the context and
business strategy.

These reviews mentioned above explain in different ways the S&OP planning and
its contribution to the development of the company’s performance. However, they do
not give sufficient information on the management of this performance. Our interest is to
study, through the S&OP process, the contribution of the scientific literature to understand
the integration of supply chain management in performance management, specifically in
ex-ante and ex-post decisions to thrive in the era of digitalization and artificial intelligence
within a VUCA world (volatile, uncertain, complex and ambiguous). For that, we have
conducted a review of literature from 2015 to date to answer two questions related to the
S&OP process:

1.  What planning and ex-ante decisions (objectives and actions plan) are determined as
part of the company’s strategy related to an extended supply chain?

2. How does an ex-post evaluation of effectiveness, efficiency and relevance influences
SC operating model and business model?

2. Research Framework

Flow management in the supply chain requires on the one hand, the integration of
the internal actors of the company (marketing, finance, operations) as well as the external
actors (partnership or transactional relations). On the other hand, leading these actors with
different individual objectives towards an overall objective within the supply chain. To lead
the alignment of different players we firstly need a performance model that defines and
frames the flow that satisfies a supply chain management (SCM)-balanced value. Secondly
we need a decision-making model to manage this flow. The link between the two models
is the concept of value: the first model defines and identifies the value created, while the
second model is built around the «optimized» sharing of this created value.

Not everything is decided in the S&OP process but it is the level where all business
decisions are articulated. Activating the learning loop is therefore vital to stimulate the
desired growth and sustainability. Learning begins with an assessment of the causes and
effects of actions planned and executed in relation to strategic objectives. Then a check of
the hypotheses” accuracy previously defined during planning is conducted. This allows
for assessing the relevance of the operating model, hence a business model specifically
for route-to-market and value proposition. The proposed conceptual research framework
for this literature review is based on the concept of value in steering and decision-making
through S&QOP (Figure 1).
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Figure 1. Proposed research framework for literature review.

3. Literature Review Methodology

We adapted Denyer’s method for “Systematic Review” in order to perform this scien-
tific research with rigor in a formal way [10]: formulation of research questions (Section 1),
location of scientific studies, selection and evaluation of studies (Section 3), analysis and
synthesis and finally reporting and use of results (Sections 4 and 5). According to this
method, we develop a conceptual research framework (Section 2) to define a protocol and
a codification of the results from the review.

The literature review was carried out using two scientific databases: Science Direct
and Scopus. Search strings were built with three main keywords groups. The first group
concerns the planning or management activities through the S&OP business process. The
second group deals with performance management and decision-making. The third group
focuses on SCM with a fourth subgroup, which takes up the following qualifications:
«flexibility», «agility» and «resilience» then «digitalization» and «artificial intelligence».
To respect the search method in each database, the exploitation of the search chain was
relaxed firstly without using the fourth subgroup and secondly by maintaining the exact
formulation «Sales and Operations Planning». Our concern is the S&OP process not just
the planning. Under these conditions, we found 90 scientific references: 73 in Scopus and
17 in Science Direct.

According to the selection criteria, eleven publications integrate S&OP, SCM, perfor-
mance management and decision-making supported by a mathematical model (Table 1).

Table 1. Selection criteria for articles and studies retained for this research.

Selection Criteria Scopus Science Direct Total References

Documents found 73 17 90

Research articles 41 13 54
Articles period 2015-2024 26 8 34

With mathematical model 10 6 16
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Table 1. Cont.
Selection Criteria Scopus Science Direct Total References
Duplicates 5
Relevant articles retained [11-22] 11

4. Findings, Analysis, and Discussion

With the current outcome of digitalization and artificial intelligence, companies and
large groups seek to first assess their impacts on the entire supply chain. They develop a
proof of concept (POC) and use cases to assess how transformation is undergone within
both the value creation model (business model) and the delivery model (operating model).
We propose using our research framework in an analytical way based on four axes: business
context, multi-objective optimization and value parameters, ex-ante planning with S&OP
decision-making and ex-post decision from the performance management.

4.1. Answer to the First and Second Question

The five-value equation parameters (revenue, cost, cash, asset and sustainability) are
prioritized according to the company’s strategy. In this study we present the prioritization
using a combination from one to five noted in the same order above. Zero indicates
parameters have to be controlled within limits. The prioritization we propose is based on
the content and case studies presented in each article. The ex-ante actions of the S&OP
decision-making models in the articles are reported in the decision variables, and after
a content analysis combined with previous findings, we determine the ex-post actions
and their scopes operating model or business model (Table 2). For the ex-post actions, we
consider all articles, regardless of their actual applications in practice.

e Abayetal, 2024 [12] (2,3,1,0,0)

This article prioritizes cash, revenue, and then cost. The S&OP process is used to
manage the business (Ethiopian Automotive Industry). Authors develop transaction collab-
oration with customers and suppliers to ensure business growth and use a discrete event
simulation for uncertain parameters to identify an extended dynamic multi-objective sup-
ply chain. Strategy planning consists of saturating assembly-to-stock capabilities following
the forecast and negotiating assembly-to-order with customers and suppliers. Given diffi-
culties in foreign currency availability, negotiation with customers and suppliers is set off
as a process in the operating model and collaboration is integrated into the economic/cash
equation in the business model. It is clear that macroeconomic conditions influence the
formulation of decision-making at the S&OP level.

e Kimetal., 2023 [13] (1,2,0,3,0)

In this article, the goal of the electronic company is to improve supply chain resilience
to ensure customer satisfaction and business continuity in case of a crisis. This article
prioritizes income then the cost followed by the asset. Authors use a two-stage mixed
integer linear programming (MILP) model for a multi-objective decision-making in S&OP.
Firstly, they saturate their own facilities through planning under constraints using available
stocks to ensure efficiency. Secondly, they evaluate choices between using a single versus
several suppliers to satisfy the rest of the demand by optimizing profit and lead-time. Profit
is used here instead of income because prices are changing. The prioritization of value
parameters is not directly included as such in the model of the S&OP decision-making
process. Resilience is based on collaboration thus this ex post decision is brought to the
level of the business model in a kind of partnerships or alliance with suppliers.
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e  Suemitsu et al., 2024 [14] (1,2,0,3,0)

This article prioritizes revenue, cost, and then assets. The Japan Electronic Company
deals with distribution planning as a specific S&OP. It faces challenges with the devel-
opment of e-commerce, which has led to a reduction in delivery batches. The assigned
objective is to satisfy all demand. Decision-making is a three-phase model. The first phase
is a MILP optimization to define the ideal inventory level and distribution quantities. The
second and third phases are simulation optimization phases to define the business rules.
The second phase use a MILP model to define the inventory rules at the beginning in
relation to the ideal quantities. If the simulation of the distribution in the third phase
detects a stock shortage, the ideal quantities are updated and the rules are then recalculated
by the model of the second phase. Both phases take place recursively until the stock short-
age does not occur in the distribution simulation phase. For the operating model at the
distribution stage, inventory management rules are about defining the order-up-to-level
for each product while minimizing total cost of transport and storage that vary over time.

e  Pereira et al., 2022b [15] (2,3,0,1,0)

This article prioritizes the asset. The income is in the second place then the cost.
To manage a supply chain (electric cable manufacturer) with a wide variety of products
and maintain the level of lead time, ref. [15] presents an S&OP with a hybrid MTS/MTO
strategy planning. In this case, the main function of the multi-objective optimization model
is revenue-based. They develop a two-stage decision-making process based first on a
mixed-integer programming (MIP) model and on an elaborated matrix with the different
possible MTS and MTO strategies. They use e-constraints method to define different
Pareto-optimal solutions with the management mix choice in a hybrid MTS/MTO and
tradeoff between cost minimization and customer service level. The prioritization of value
parameters influences the configuration of the supply chain design through the choice of
the strategy planning. Therefore, strategy planning is set, at the business model level, as a
key process.

e  Albrecht & Steinriicke, 2020 [16] (1,2,0,3,0)

In this article, S&OP decision-making is a planning—scheduling process to make a
sales plan over the course of a few days for a global photovoltaic group in Germany. This
article prioritizes income, cost, and then the asset. Authors take advantage of the “healthy”
complexity of the multiple-products: possible use of two alternative production processes,
products modularity, and a market for semi-finished products. This flexibility is critical due
to the challenging agreements with resellers in regard of continuous decline in sales prices.

Authors develop a two-stage multi-objective MILP model for S&OP, covering the entire
extended supply chain. They used a multi-step heuristic with relax-and-fix decomposition
methods, and they chose the satisfied result to last a half-day computation. The steering
concerned the extended supply chain with various players. Therefore, the S&OP becomes
key process in the business model.

e  Aiassietal., 2020 and Lim et al., 2017 [17,18] (1,2,3,0,0)

These articles study similar situations and prioritize revenue, cost, and then cash.
In [18], the S&OP is based on coordination and responsiveness to satisfy consumers
under industrial constraints. The authors of [17] consider, in addition, unreliable suppliers.
They evaluate two stock management strategies: production flexibility and safety stock.
Then develop a simulation-optimization approach with a built-to-order strategy—planning
process to find a balanced compromise between the cost of logistics and the level of
customer experience. They use a multi-objective simulation optimization method with
g-constraints. The authors of [17,18], faced with an uncertain environment and volatile
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demand, defined dynamic governance rules, in particular inventory management versus
desired flexibility at the level of the operating model.

e Taskm etal., 2015 [11] (1,2,0,3,0)

This article prioritizes income, cost, and then assets. To satisfy its customers, the
supply chain offers a wide variety of products with different configurations. The strategic
rule is to satisfy all orders. The objective function is based on cost because of “Price based
competition in the market”. Decision-making is a mathematical programming model
based on MILP where users can interact with the model and relax some constraints to
resolve infeasibility. The designed mathematical model supports the specific S&OP process
integrated with Vestel Electronic Company’s ERP (Enterprise Resource Planning). In this
case, the S&OP process is a business model’s key process.

e Nemati & Alavidoost, 2019 and Nemati et al., 2017 [19,20] (2,1,0,3,0)

These articles prioritize the cost, the income, and then the asset. In the Dairy Industry,
multi-site supply chain structures with are very developed, which is crucial to monitor
the end-to-end cost. Demand variety makes the supply chain even more complex with
a wide range of product families. In this case, there are two main functions of the multi-
objective optimization model. A function that aims to minimize the overall cost of the
supply chain from supply to delivery. Then a second objective function to maximize the
customer satisfaction. Hence, the maximum possible income. The resolution approach in
the S&OP decision-making process depends on the complexity of the end-to-end supply
chain structure.

In [20], the authors investigate the benefits of using the S&OP process in a Dairy
Company in Iran. For this, they develop three MIP models for three S&OP configurations
covering the scope of this process. In [19], the authors use an interactive fuzzy programming
approach to develop three Fuzzy MILP models for three S&OP configurations. Both studies
demonstrate the superiority of S&OP-integrated model planning over all others. S&OP is a
key process for setting the supply chain configuration that has an economic advantage.

e  Anand Jayakumar et al., 2016 [21] (2,1,3,0,0)

This article prioritizes cost, followed by income and cash. In this case study, the
SME for gardening tools and items has restricted assets, and all its operational capacity
depends on the human resources (HR) engaged in the production campaigns. The aggre-
gated demand is established with the resellers, which gives it more reliability. A two-level
collaboration allows abroad activities and generates revenue with profitability. The ob-
jective function is based on profit optimization because selling prices fluctuate over the
planning period. A simple and insightful S&OP, with promotional and discount scenarios
to prepare the entire sales season, uses efficient optimization tools like LINGO for planning-
scheduling. This business collaboration is a critical key process in the business model.

4.2. Discussion and Synthesis
4.2.1. The First Axis: Business and Context Study

The article-related sectors are, respectively, automotive (three articles), electronics (four
articles), electrical (one article), tools & equipment (one article), and fast-moving consumer
goods (FMCGs) (two articles). All these sectors use the S&OP process as a business decision-
making process not only to balance supply and demand but also to align the SCM with the
strategy. Referring to the Industry clock-speed (IC) [22], represented by product innovation
and life cycle, six articles in our research base are in the fast IC (6 to 24 months), and the
other five articles are in the medium IC (3 to 15 years). Solemnly, no article is in the slow
IC (over 10 years). Companies seek to create value by prioritizing product innovation,
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customer satisfaction, or operations efficiency as a backbone strategy [23]. That sets the
tone for digitalization and Al solutions. Digitalization is essential for business connectivity
with customers, suppliers, and environment. This digital connectivity has to be articulated
with the industry clock-speed. This is directly stated only in the electronics articles.

4.2.2. The Second Axis: Value Parameters Trade Offs

Value parameters tradeoffs are a mandatory business choice [23]. This is to clarify
the value equation for creating and sharing value. In the 11 articles, revenue and cost
are represented in all combinations; assets and cash are represented, respectively, seven
and four times. Six articles give priority to revenue while three articles prioritize the
cost, and a single article prioritizes cash. The asset is present in seven combinations but
six times in position 3. Just one article mentions sustainability in the decision-making
process [13]. Different value parameters’ prioritizations involves different value models to
assess performance. Hence, there are specific learning developments (ex-post decisions) for
each case in the articles.

Even if a project is relevant, effective and efficient, top-management is concerned with
profitability. Thus, it is essential to link project value to the company’s strategy through
the five value parameters. The research framework with the tow loops for effectiveness,
with efficiency and value creation is an enabler for the exploration and exploitation of the
potential of the new game changer. Incorporating digitalization and artificial intelligence
in S&OP or other processes needs a consistent budget (e.g., IoT technology, end-to-end
visibility, computing and storage capacity, data and cloud service, etc.); the Return on
Investment (ROI) is required. More importantly, once the link is identified we have the
ability to track the value created by the project versus the development of the business and
the strategy. We avoid relying on the success of a solution for an old business situation.

4.2.3. The Third Axis: Decision-Making Model

In decision-making, the resolution approach is adapted according to the availability
of data versus modeling. Mixed integer linear programming (MILP) is used in seven
out of eleven articles as the main optimization approach. The simulation is used once.
However, it is more successful when coupled with an optimization model to formulate
the simulation-optimization approach in three articles. In these articles, optimization
methods use mathematical planning models but five studies have directly used computa-
tional intelligence.

In the decision-making model, the value parameters are objectives and constraints
to be respected (e.g., satisfaction of all demand to generate income), decision variables
to be defined (e.g., management rules involving the minimum cost), or else the ex-ante
execution with respect to strategic prioritization (e.g., in first-use company’s structures).
Based on the analysis of all these eleven articles, we find that the prioritization of the value
parameters and supply chain complexity influences the S&OP decision-making model. The
structure and configuration choice of the mathematical solving approach for multi-objective
optimization depends on the company’s operating need and decision maker preferences
versus business context and strategy.

To identify the use of artificial intelligence in S&OP process steps we have to restrict
searches to «areas related to S&OP activities» and «SCM planning». The authors of [24,25]
specify, respectively, that machine learning (ML) is used in S&OP activities and in the SCM.
In addition, the artificial neural network (ANN) is the most used technique for supervised
learning. The ML is used in demand and sales forecasting, production planning, and then
inventory management. Generative artificial intelligence (Gen Al) is also promising for
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S&OP process development [26]. Above all, it allows for using unstructured data and
facilitates access and interactivity with different interfaces.

4.2.4. The Fourth Axis: Performance Management

The references studied focus on the internal impacts of operations and, in a few cases,
on the external ones through the value chain. Almost all articles related the benefits of
optimized planning to cost and customer satisfaction. Production and distribution planning,
quantity and lead time are the most important ex-ante decisions followed closely by the
stock level. The backlog is a decision to ensure the smoothing of production, but it is mainly
used to accept latest orders instead of rejecting them to avoid customer dissatisfaction.

Ten out of eleven articles do not refer to operating or business models. No articles
address the consequences of decisions arising after executing planning, namely, regulation
and feedback on operating and business models. The link between the business model
and/or the operating model and the choice of the optimization method is essential to
resolve conflicts between value parameters. “Al is often too logical to robustly solve prob-
lems that have not been well-posed” [27]. To prevent such a misadventure, our conceptual
framework, the basis of this research, constitutes a reflective diagram enabling analytical
thinking. It is an original articulated way to link the choice of digitalization projects and ar-
tificial intelligence solutions and other projects with the company’s performance according
to its strategy on time scales. Moreover, it allows for tracking levers for performance and
value created through business and operating models.

4.2.5. S&OP: Digitalization and Al to Leverage Collective Intelligence

During the S&OP process phase meetings, various actors decide on the numbers,
scenarios, and action protocols to achieve an integrated business reconciliation. These
decisions are made in relation to options subject to events in different modalities (e.g.,
market restriction: low, moderate, strong). Therefore, decision-making needs collective
intelligence. In the research chain of scientific articles, covered by this literature review,
no article deals with artificial intelligence as an enabler of S&OP process deployment. It
neither facilitates its progress as a process nor addresses conflicting actors” perceptions
in order to bring them close to the “one set numbers”. In addition, no article extends to
the value network and competitors. To fill this gap, it is essential to develop an artificial
intelligence-based model for collective intelligence in S&OP over the extended SC.

One of the main principles of SCM is collaboration. When developed with different
value network players, it allows companies to reconfigure SC according to an event or
a new business situation. Digitalization for sensing coupled with Al for rationality and
optimization, will enable choosing, between alternative objectives within constraints and
with respect to value parameters prioritization. Acquiring this ability to choose on time is a
requirement for agility and resilience. In the S&OP decision-making process, it consists of
an interactive approach with “HR Inside” to resolve multi-objective optimization planning
and balance supply and demand considering partners and competitors. Our research
framework can provide consistency to decision-maker preferences (e.g., classification of
objectives) information and inputs. Otherwise, HR interaction styles may lead to a weak
solution. As a lever, Al allows for variance reduction in the supply chain subsystem. It
enhances prediction” accuracy in demand forecast, supply chain operations’ reliability, and
suppliers’ capability. As an enabler, computational intelligence worthily combine searching
and learning to develop the Pareto optimal solutions set. Through the four articulated axes
in the research framework, collaboration, agility, and resilience can be intelligible. Then,
with the concept of value we can express them in the mathematical model using value
parameter trade-offs.
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5. Conclusions and Future Research

This scientific literature review aims to help identify and indicate the relevant link,
through the S&OP decision-making process, between business management and digital-
ization projects with artificial intelligence solutions. They are project lever and enabler.
Analytical reasoning is needed to link mathematical models with the five value parameters
prioritized on time scales according to the company’s strategy. The conceptual framework
offers a foundation to integrate, at the same time, the business context and strategy, value
parameters tradeoffs, multi-objective decision-making model and performance manage-
ment. One can use it for different value assessments, specifically to quantify the ROI and
track the impact and the relevance of a new activity or investment. This is crucial for
projects that intend to develop collaboration and resilience within value creation.

Articles do not directly address the use of artificial intelligence in the S&OP process, but
practically half of these articles use computational intelligence. Simulation-optimization
models that have Al as a driver and integrate the interactions of actors and the environment
will represent the most interesting direction for future research. The way of combining ap-
proaches is promising. Based on simulation-optimization models and multi-agent systems
in particular, it will be possible to (re)configure the decision-making model. Digitalization
with AI will enable us to develop in time, “design, plan & operate”, which is a require-
ment for agility and resilience. Certainly, this study has limitations. The one that is more
restrictive is the small number of articles forming the research base on the use of digiti-
zation and artificial intelligence in the S&OP process. The construction of other research
chains through the articulation of the components of the proposed research framework
is a research perspective. A promising opportunity is the study of the sales & operations
planning process where digitalization and artificial intelligence play a key role in collective
and collaborative intelligence.
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