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Abstract

Prescriptive analytics is a key area of business intelligence
that helps organizations move beyond just forecasting future
outcomes to suggesting the best possible actions. Unlike
descriptive analytics, which looks at past data, and predictive
analytics, which forecasts future trends, prescriptive analytics
uses advanced methods like mathematical programming,
machine learning, and artificial intelligence to help make
complex decisions more efficiently. This paper explains the
main parts of prescriptive analytics systems, looks at the key
methods such as optimization, reinforcement learning, and
causal analysis, and also shows how these are used in different
industries like healthcare, finance, and supply chain. The
paper also points out some of the ongoing challenges in this
field, such as making systems work in real time, involving
people in the process, and ensuring ethical use. Prescriptive
analytics is a branch of business analytics that is used to find
the best solutions for daily problems. It is closely connected to
descriptive and predictive analytics. Prescriptive analytics
uses data and algorithms to help make better decisions, both in
the short and long term. It provides advice on different
possible situations based on data and past experiences.

Keywords: Prescriptive Analytics, Predictive Analytics,
Descriptive Analytics, Machine Learning, Reinforcement
Learning.

Real World Example
A good example of prescriptive analytics is Google's self-
driving car, Waymo. It uses millions of calculations during
each trip. The car makes decisions like when to turn, how to
change speed, and when to switch lanes, just like a human
would do while driving.

1. Introduction

In today's fast-paced and data-driven business world,
companies need advanced analytical tools to stay efficient and
resilient. The development of business intelligence has gone
through four key stages:

* Descriptive analytics: What happened?

* Diagnostic analytics: Why did it happen?

* Predictive analytics: What will happen?

* Prescriptive analytics: What should we do about it?

While predictive models can give useful insights, they often
leave the actual decision-making to people. Prescriptive
analytics helps by actively offering or even automatically
carrying out actions that are best for achieving a goal, while
following rules and constraints.

2. Theoretical Architecture of Prescriptive Analytics

Systems

New approaches define a Prescriptive Analytics
System (PAS) as a complex system that balances strong
algorithmic techniques with how well they fit into a

company's workflow.

Data Ingestion Layer
(Historical Data, Real Time Streaming, Sensors)

Predictive Analytics Layer
(Machine Learning, Time Series, Pattern Forecasting)

Forecasted Scenarios & Probabilities

Prescriptive Analytics Layer
(Mathematical Programming, Reinforcement Learning, FIS)
(Constraints, Objective Functions, Rules)

Action & Execution Layer
(Advisory Archetype & Self Governing Archetype)

Based on current research, a complete PAS is made up of
different parts that handle data in various ways:

2.1. Sequential versus Simultaneous Workflow Patterns
The integration of data science and choice optimization
usually follows one of two main structures:

* Sequential Workflows: The predictive model processes
data to give a forecast, like expected product sales

or how long a patient will stay. This result is then fed into an
optimization model as a fixed value.

* Simultaneous Workflows: Both optimization and learning
happen together in a system like deep reinforcement learning
or an end-to-end system that combines estimation and
optimization. This helps avoid errors from small forecast
mistakes that could lead to bigger problems in operations.

© 2026, IJSREM | https://ijsrem.com

DOI:

| Page 1


https://ijsrem.com/

#‘gj \35!%

%g:@ International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 10 Issue: 07 | July - 2026

SJIF Rating: 8.659 ISSN: 2582-3930

2.2. System Archetypes and Human Involvement

The amount of human input in a PAS determines its type.
Researchers have identified four main types of PAS based on
the level of human involvement:

1.Advisory PAS: Suggests the best path, but humans keep
full control and make the final decision.

2.Executive PAS: Proposes actions and makes them available
for a quick human approval in a workflow.

3. Adaptive PAS: Changes its settings based on constant
feedback from users’ choices.

4. Self-Governing PAS: Works on its own within set limits,
automatically adjusting things like pricing without human
help.

3. Core Methodological Frameworks

Prescriptive analytics uses a variety of techniques
from different fields. The most common mathematical and
computing methods used are described below:

3.1. Mathematical Programming and Optimization
Mathematical optimization is the main foundation of
prescriptive analytics.

It follows a structured process that includes three main parts:

$$\text{Maximize or Minimize } f(x) \quad \text{(Objective
Function)}$$

$S\text{Subject to: } g_i(x) \le b_i \quad \text{(Operational
Constraints)}$$

$$x \in X \quad \text{(Decision Variables)}$$

Common methods include Linear Programming (LP), Integer
Linear Programming (ILP) for making choices between
discrete options, and Stochastic Optimization used for
situations where there is uncertainty.

3.2. Machine Learning and Reinforcement Learning

While traditional optimization uses exact equations
to model real-world situations, modern approaches use
Reinforcement Learning (RL) and Deep Reinforcement
Learning (DRL). In a prescriptive system based on RL, an
algorithm interacts with an environment, makes a series of
decisions, and gets rewards over time. This helps the system
find the best strategies in complex environments that can’t be
fully modelled with simple rules.

3.3. Heuristics and Expert Systems

For very complex problems that are hard to solve
exactly, prescriptive systems use Heuristics and Expert
Systems. Heuristics involve using practical strategies based on
the problem to quickly find a good solution, even if it’s not
perfect.

3.4. Causal Inference and Heterogeneous Effects

One main challenge in prescriptive modelling is
moving beyond seeing correlations to understanding actual
cause and effect. Advanced systems use a mix of Machine
Learning and Causal Inference methods like Double Machine
Learning to estimate the Conditional Average Treatment
Effect (CATE). This helps in understanding how different
actions can affect outcomes in various situations.

4. Working Model of Prescriptive Analytics Model

Number FUTURE

MODELS

)=
Texts — DATA - WHAT - WHY -p HOW

Videos +

images
:4 RULES REPEAT

To process such a huge amount of data stacks, the
analytics uses concepts of Artificial intelligence technology,
machine learning computing tactics, and in most scenarios
use any type of human input. Due to the scalability and
reliability of the technological era machines that quickly
self-learn and adapt themselves to holding extra data
packages and deriving well-advanced solutions as per
convenience remain advantageous. It goes beyond simple
prediction options and delivers a range of potential ideas for
each action. The process can be stated as much faster and

even more accurate than human capacity.

5. Implementation Approaches in Prescriptive

Analytics

Suppose A company wants to optimize its supply chain
network by determining the most cost-effective locations in
the city for warehouses and distribution centres to minimize
transportation costs while meeting customer supply and

demand for goods.

Prescriptive Analytics Approach
Step 1 Data Collection: Gather data for a customer's
locations, their requirement, company warehouses, and
transportation

Step 2 Modelling: We  will

mathematical models that will handle supply chain data like

Mathematical Create
customer location, time, warehouse location, and routes, we
will also finalize an optimization function that will minimize
company cost and delivery time

Step 3 Optimization: We will use an optimization approach
like linear programming or differential calculus to solve

mathematical models and find optimal locations.
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Step 4 Scenario Analysis: We will perform a scenario
analysis for our assumption’s variables about the models.

Step 5 Decision Support: Based on our data modelling and
business knowledge that we got from the raw data we will
create dashboards and visualization graphs that will
stakeholders in taking decisions.

Step 6 Implementation: The Final and most important part
after doing all the five steps is to implement it with changes

that maximizes the company's revenues

6. Descriptive Analytics Vs Predictive Analytics Vs
Prescriptive Analytics

o Descriptive analytics works over the statistical data to
give us details related to the past. It helps the business to
get all relatable details regarding their performance from
past stats. For Example, Analyzation of past purchasing
details of consumers/customers to decide the best time for
launching a new product or any sales scheme in the

market.

e Predictive analyticsuses a machine learning model
consisting of all the relatable key trends and particular
scalable patterns with the help of historical data and feeds.
This model is then used in business to predict what will

applying the

information. For Example, Statistics models are used by

happen next latest
enterprises to through previous data whether how much
consumers are using the services and which services are
most popular among them so a relatable model to check

in-demand services among users.

e Prescriptive analyticsis used to make next-level and
advanced usage of predicted data. Business enterprises use
the predicted possibilities to develop and provide better
services to their customers/consumers. For Example, for a
successful — and  cost-effective  delivery  system

transportation enterprises used algorithms and predictive

models to decide the best route with minimum energy

usage for saving time and increasing profits.

7. Cross-Industry Enterprise Applications

Industry Core Key Strategic
Vertical Optimization | Methodologies | Outcome
Focus Used
Healthcare | Clinical Patient Length | Minimized
Resource of Stay (LOS) | hospital
Allocation & | forecasting, operational
Personalized | Classification | costsand
Treatment Trees, optimal
Stochastic multi-site
Optimization bed
management.
Supply Multi- Fuzzy Logic, Maximized
Chain Echelon Monte Carlo resource
Resilience & | Simulation, recovery,
Reverse Mixed-Integer | reduced
Logistics Linear electronic
Programming | waste, and
rapid
disruption
adaptation.
Enterprise | Customer Mamdani-type | Joint
Finance Retention & Fuzzy optimization
Strategic Risk | Inference of churn
Mitigation Systems (FIS), | predictions
Off-Policy and financial
Evaluation retention
(OPE) incentives.
Retail & Channel Geospatial Maximized
Sales Optimization | Analysis, customer
& Feature Descriptive traffic flow
Configuration | Trend Mining, | and
Linear optimized
Programming | interactive
asset
placement.
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7.1. Clinical Decision Support in Healthcare

Prescriptive frameworks in healthcare address the intricate
balance between cost reduction and patient outcomes.
Research highlights the deployment of hybrid predictive-
prescriptive  models that ingest historical clinical and
demographic datasets to project patient length of stay (LOS)
via machine learning algorithms. These outputs are instantly
bound to stochastic resource allocation systems, prescribing
specific bed allocations and clinical staffing models across

multi-site networks to absorb patient surges gracefully.
7.2. Supply Chain Resilience and Sustainable Logistics

Modern global networks face frequent external disruptions.
Supply chain management leverages Al-driven prescriptive
engines to recommend immediate operational pivots during
localized failures. Furthermore, in reverse logistics (e.g.,
electronic device recycling and returns), prescriptive
frameworks use Monte Carlo simulations and fuzzy logic to
manage the high variance of returned product quality,
automatically determining whether to dismantle, refurbish, or

liquidate assets to maximize circular economy value.

8. Advantages of Prescriptive Analytics

o Effortlessly map Business analysis to declare out steps
necessary to avoid failure and achieve success.

e Anaccurate and Comprehensive form of data aggregation
and analysis also reduces human error and bias.

e Helping in decision-making threads related to problems
rather than jumping to unreliable conclusions based on
instincts.

e Removing immediate uncertainties helps in the

prevention of fraud, limits risk, increases efficiency, and

creates logical customers.

9. Sociotechnical Challenges and Future Directions

Despite the clear value generation, several technical and
structural barriers prevent the widespread operationalization

of prescriptive analytics:

e Real-Time Big Data Processing: Most prescriptive
optimization architectures operate in batch-processing
mode due to the high mathematical complexity of the
underlying solvers. Transitioning optimization algorithms
into sub-second, real-time contexts remains an open
computational hurdle.

e The "Black Box'" Trust Deficit: Advanced deep
learning and DRL-driven prescriptions often fail to
provide interpretable explanations for their outputs.
Business leaders and healthcare professionals are resistant
to delegating critical, high-risk choices to systems lacking
transparent audit trails.

e Algorithmic Bias Propagation: Prescriptive systems
learn from historical distributions. If data collection
methodologies reflect systemic inequities, the system's
objective function will optimize for economic efficiency

while compounding historical biases.

Future research is converging on Responsible and Cognitive
Analytics Systems. By nesting automated optimization
engines inside interpretable rule-based systems (such as
knowledge distillation or fuzzy logic), organizations can
preserve mathematical maximization while enforcing strict
ethical boundaries, transparency, and collaborative human

oversight.
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