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Context and objective Methodological Approach

Problem: An industrial goods distributor wants to find the optimal price that maximizes total
revenues less transportation costs and storage costs.

Solution: Our solution effectively combines the use of Probabilistic Programming with MILP
in a modular architecture that reflects the company value drivers’ tree:

Demand Estimation: expected
demand for a given price point

Storage
(cost/unit)

Volume Transportation
(at given price) (cost/unit)

Optimization of the shipments (for a given volume)
Optimal Shipping quantity, time and vectors

Transportation costs
(min. costs for a given volume)

Key modules:

— Estimation of the distribution of demand (for a product at a specific price point)
— Estimation of transportation and storage unit costs

— Mathematical Programming module that defines the optimal shipping strategy

KPMG

n Identify the key drivers

— Endogenous and exogenous Key drivers

— Fat-tailed distributions

e Estimate distribution of key optimization parameters

— Generative modelling with Probabilistic Programming Model

Parameters

— Uncertainty in model and model parameters: Bayesian

Machine Learning
— MCMC and (Variational) Inference off-the-shelf

Simulation or inference

Optimization

Parameters
Optimization

— Leverage Python interfaces to solvers
(e.g. GurobiPy or Pyomo)

Optimization

— Robust and Stochastic Programming

— Alternative methodological approaches:
Meta-Heuristics, Reinforcement Learning, ..

Optimal
ra  Solution

@ Optimal Price
n -
Conclusions

— Generative models of key optimization parameters are necessary input to Robust I- - _
Optimization and Stochastic Programming problems e
— Ongoing work: seamless interoperability between Probabilistic Programming /'

frameworks and Python interfaces to solvers Read more
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Conclusions

Generative models of key optimization parameters are necessary input to Robust Optimization and Stochastic Programming problems

Ongoing work: seamless interoperability between Probabilistic Programming frameworks and Python interfaces to solvers

Decision Science with Probabilistic Programming
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Key modules:

Estimation of the distribution of demand (for a product at a specific price point)

Estimation of transportation and storage unit costs

Mathematical Programming module that defines the optimal shipping strategy

Problem: An industrial goods distributor wants to find the optimal price that maximizes total revenues less transportation costs and storage costs.

Solution: Our solution effectively combines the use of Probabilistic Programming with MILP in a modular architecture that reflects the company value drivers’ tree:

Context and objective

Methodological Approach

Identify the key drivers

Endogenous and exogenous

Fat-tailed distributions 

1

Estimate distribution of key optimization parameters

Generative modelling with Probabilistic Programming 

Uncertainty in model and model parameters: Bayesian Machine Learning

MCMC and (Variational) Inference off-the-shelf

2

Optimization

Leverage Python interfaces to solvers                               (e.g. GurobiPy or Pyomo)

Robust and Stochastic Programming

Alternative methodological approaches:                            Meta-Heuristics, Reinforcement Learning, .. 

3

Key drivers

Optimization Parameters

Optimization

Optimal Solution
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Mathematical
opimization

Aniicial Inaligonce and Mathematical Modeling

Rk

By applying advanced mathematical methods and Artificial Intelligence
techniques, KPMG helps clients increase process efficiency, reduce costs,
utilize resources more effectively as well as develop more competitive

products and services.

What s Mathematical Optimization?
Mathematical Optimization s a collsction of methodologies
and tools that find the bast soluton to a mathematical
problem subject to a sst of constraints.

A

e cptimzstion o fnctons with i el i
050 adstond mathodologicatenes

Mathematical Optimization techniques have bosn
successiully employed in many difierent fieds, ranging from
mantacturing and production to transportation and
scheduing.

Potantil use-cases includa:

+ Schaduing of sporting svents or medical treatments at
hospitas and cincs

+ Solscting the best location of stores

+ Optimizing logistics and transport problems.

Mathomatial Optimization Oicbr 015

What s the differance batwean Artfical Inteligence and
Machina Loarring?

Anificial Intaligence (A1) is the ablty of a computer
Software or computarcontrolled 06 10 parform tasks.
‘commonly associted with inaligent baings

Mactine Laaring (ML) s a branch of Al discipiine. MLis the
science of gatting computars to act (pradic, dlassifyl
without being explcity programmed according to
predefined rules. ML aigorithms lsern from data.

Othor branches of Al such as symbolic Al and rulebassd
systams,rely on a stucturad raprasentation of human
knowledge provided to the aigorithm by a subject expert.

s Mathematical Optimization a type of Artifical
Intoligence?

Mathematical Optimization mathodologies s at tha heart of
Mactine Laaring. Frameworks, such as TensorFiow and
XGBoost, uss mathematical optimization mathodologas to
rain Machine Learming algorithms on a given dataset.

At the sam time, Arfical Intsligencs techniques can
tackle optimizatin probloms. This is the cass, for sxample,
with einforcament lsaring, whers an agent lsarns and
optimizss the sequencs of actions nacsssary to parform a
task.
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Artificial Intelligence and Mathematical Modelling
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By applying advanced mathematical methods and Artificial Intelligence
techniques, KPMG helps clients increase process efficiency, reduce costs,
utilize resources more effectively as well as develop more competitive

products and services.

What is Mathematical Optimization?

Mathematical Optimization is a collection of methodologies
and tools that find the best solution to a mathematical
problem subject to a set of constraints.

The optimization of functions with multiple local minima
poses additional methodological challenges

Mathematical Optimization techniques have been
successfully employed in many different fields, ranging from
manufacturing and production to transportation and
scheduling.

Potential use-cases include:

e Scheduling of sporting events or medical treatments at
hospitals and clinics

e Selecting the best location of stores

e Optimizing logistics and transport problems

Mathematical Optimization October 2019

What is the difference between Artificial Intelligence and
Machine Learning?

Artificial Intelligence (Al) is the ability of a computer
software or computer-controlled robot to perform tasks
commonly associated with intelligent beings.

Machine Learning (ML) is a branch of Al discipline. ML is the
science of getting computers to act (predict, classify)
without being explicitly programmed according to
predefined rules. ML algorithms learn from data.

Other branches of Al, such as symbolic Al and rule-based
systems, rely on a structured representation of human
knowledge provided to the algorithm by a subject expert.

Is Mathematical Optimization a type of Artificial
Intelligence?

Mathematical Optimization methodologies lie at the heart of
Machine Learning. Frameworks, such as TensorFlow and
XGBoost, use mathematical optimization methodologies to
train Machine Learning algorithms on a given dataset.

At the same time, Artificial Intelligence techniques can
tackle optimization problems. This is the case, for example,
with reinforcement learning, where an agent learns and
optimizes the sequence of actions necessary to perform a
task.







What is the relationship between Mathematical
Optimization and Big Data?

Mathematical Optimization models make use of data.
Depending on the volume, variety and velocity of data, the
creation of a solution might require the deployment and
configuration of big data computational engines, such as
Hadoop and Spark.

Use-case: scheduling of sporting events
KPMG has strong credentials in the scheduling of sporting
events both in Switzerland and internationally.

The optimal schedule for sporting events maximizes the
preferences of the participants with respect to timing and
location, minimizing costs and travelling distances while
ensuring fairness.

Use-case: location of stores

KPMG helped an international sandwich chain identify the
best locations for their shops. The optimization considered
more than 6500 signals, including

e proximity of public transport stations and ATMs

e publicly available statistics, such as the number of crimes

(pickpocketing) reported

The solution leveraged the KPMG Signals Repository, a

collection of over 10,000 economic, demographic, weather,
and social media signals that can be integrated in a project

to enhance the accuracy of mathematical models.

How KPMG can support you

Strong expertise in mathematical modelling

Our D&A experts are highly capable professionals with
backgrounds in engineering, mathematics and physics and a
strong expertise in mathematical modelling.

A heterogeneous team with a broad skillset

Our mathematical modeling experts and our experienced
software engineers are able to create mathematical
optimization solutions as enterprise-grade software.

KPMG data and cloud engineers help our clients set up data
pipelines and deploy our solutions on the cloud as APls. Our
services include the integration of our solutions into our
clients’ existing business processes.

Trusted Analytics

Data lineage tracks where data comes from and follows
every data point through every transformation step. Our
solutions will assert data quality and lineage as well as the
application of mature data governance principles, ultimately
ensuring that the data is trustworthy.

Contact

KPMG AG Mark Meuldijk

Raffelstrasse 28 Partner

PO Box Head of Assurance Technology

CH-8036 Zurich
+41 58 249 48 84

kpmg.ch markmeuldijk@kpmg.com

Mattia Ferrini
Director
Data & Analytics

+41 58 249 30 51
mattiaferrini@kpmg.com
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Artificial Intelligence and Mathematical Modelling

By applying Machine Learning methodologies, companies
dynamically optimize their prices in response to exogenous
as well as endogenous demand drivers. However, an
accurate demand estimation model is only the first step in
designing a successful pricing strategy.

Demand estimation

How are your customers responding to price changes?
Machine Learning methodologies facilitate the analysis of
historical data and allow the estimation of price sensitivity,
as well as the extraction of other customer behavior
patterns.
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Figure 1 - Demand estimation and price point optimization
with Machine Learning in the leisure and entertainment
industry

A number of factors may impact the demand for a product
at a given price point, including:

e (Changes in a company’s marketing and
promotional strategy

¢ New product launches (cannibalization)

e (Changes in the strategy of competitors

e  Fluctuations in the economic environment and in
the customers’ willingness to spend

Demand forecasting models therefore require a careful
selection of internal and external demand drivers.

Dynamic Price Optimization April 2020

Dynamic pricing

Dynamic Pricing dramatically boosts the effectiveness of
pricing strategies by allowing the prompt and often real
time adjustment of prices in response to internal and
external demand drivers such as:

e Inventory levels

e  Fluctuations in raw material prices

e  Short-term demand swings due to, for example,
adverse weather conditions

Smartphones and the possibility to easily compare prices
online stress the importance of dynamic pricing, not only for
e-marketplaces but also for physical stores.

Gamification in dynamic pricing

Successful dynamic pricing strategies employ gamification:
the application of game-play elements (competition, scores,
rewards, player rankings) to the customer experience.

Gamification is necessary to create urgency and avoid carry
over, the decision to postpone a purchase to a later point in
time hoping for a better price.

Through a more interactive customer experience, users feel
more rewarded with the opportunity of an exclusive benefit
and are more likely to promote your brand on social media.

Pricing: a tactical decision with long term impact

The importance of pricing goes beyond tactical revenue and
profit maximization. Pricing strategies have a long-term
impact on a company: they influence how customers value
a product and affect the brand recognition and reputation of
a company.

The scope of pricing strategies is indeed not limited to the
definition of price levels but extends to the management of
price perception: companies should employ a combination
of traditional revenue management tactics (e.g. 9.99 prices)
and modern digital engagement strategies (e.g. mobile
urgency messaging).







Our solution

KPMG has long-standing experience in end-to-end
development of dynamic pricing solutions featuring all the
must-haves:

e Alignment between tactical pricing and long-term
company strategy

e  Fully automated pricing process

e  State-of-the-art demand forecasting model based
on Machine Learning methodologies

e Engaging and gamified customer experience

e A carefully crafted roll-out strategy aimed at driving
trust in the forecasts as well as in the reliability of
the dynamic pricing process

Why KPMG?

Process Mining, Robotic Process Automation, Machine
Learning, Software and Cloud Engineering, Strategy, Sales
and Marketing, Behavioral Economics, Game Theory: the
design of Dynamic Pricing strategies requires a
heterogeneous team with a broad skillset.

KPMG has strong credentials in all the required competence

areas and experience developing and implementing, end-to-
end, Dynamic Pricing strategies.

Phases in a Dynamic Pricing project

Use-case: markdown optimization in fashion

Every season, fashion houses launch new apparel
items. How can fashion houses forecast how customer
will respond to price changes?

KPMG helped a world-renowned brand optimize
markdowns across discount waves with the
development of a 13% more accurate forecasting
model. The mathematical model extracts customer
behavior information more efficiently through full-price
sales data and more accurately identifies similar items
for which previous discount-wave sales data is available.

KPMG supported the client with the automation of the
pricing process by implementing a reproducible, end-to-
end Machine Learning pipeline that pre-processes raw
data, trains and tests the demand forecasting models
and generates optimal price recommendations. The new
pricing process

e significantly reduces the time necessary to
produce price recommendations

e removes the risk of mistakes associated to the
execution of manual tasks.

Dynamic pricing projects comprises of several different work streams executed in parallel

©

the project

‘ Process Mining: discovery of the status-quo

Process enhancement: process re-engineering and
automation of manual steps

&

Formalization of the tactical and strategic goals of

Identification and documentation of internal and external
data sources

Agile development of the demand forecasting model

Deployment of the forecasting engine and system integration

nitoring and improvement
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