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Headlines make it clear that Al is the hot topic . . . What does that mean for

simulation?

"Al is one of the most important
things humanity is working on. It
Is more profound than, | dunno,
electricity or fire"

Sundar Pichai Google CEO

"Artificial Intelligence Is Likely
to Make a Career in Finance,
Medicine or Law a Lot Less
Lucrative"

Entrepreneur
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"The average Al job commands six
figures—here are the top 15
companies hiring talent right
now"

CNBC

“The trajectory of Al and its
influence on society is only
beginning"

Satya Nadella, Microsoft CEO






Artificial Intelligence is not a single technology. Here are five key areas that
PwC is focusing on. We consider simulation to be an Al technology.

Application Areas

! *  Workflow automation
Machine Using algorithms to learn from data and solve business * Decision support

: . . .. . lyd i
Learning problems without being explicitly programmed Anomaly detection

¢ Unstructured data analysis for

. . . . . . . audio, image, and text
Deep Leveraging cutting-edge machine learning algorithms inspired . Automaﬁo?, and learning systems

Leaimiig by artificial neural networks especially for unstructured data * Describe human decision making

Operations analysis

Strategy support

Consumer behavior modelling
New market entry analysis

Developing models of real-world processes and testing their

Simulation ) ]
performance/success under various scenarios

e o o o

Reinforcement learning components

¢ Industrial 10T

Data at Scale Using distributed computing and machine learning tools to *  Streaming and real time data
« Large scale data processing
analyze terabytes of data architecture
Natural d di h h and h h li . f « Information extraction, workflow
Language Understanding human speech and text through application o automation, and text generation
computer science, Al, and computational linguistics +  Insights from unstructured data

Understanding

¢ Chatbots and IPA
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Simulation is tightly coupled to other Al technologies

« ML and DL models are created by training them on large datasets. Often, it is too
dangerous, expensive, or otherwise impractical to create training data from real-
world experience. Simulation must be used to train and test the ML/DL models.

* Modeling describes how the structure of a system drives its behavior. When Al is
a pervasive structural element in real-world systems then it needs to be captured
In the structure of our models.

« Al tools can improve how we create simulation by increasing our understanding
of how models behave across a wide range of conditions and facilitate policy
analysis, calibration, and insight
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Role of Simulation in Al: Deep
Reinforcement Learning

pwc



Reinforcement Learning is an area of machine learning focused on teaching a
computer an optimal decision policy over time using rewards and penalties as

signals

Simple Physics RL Examples

Cart Pole

Pendulum Balance

Mountain Car Hill
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The agent’s goal is to select
actions that maximize the
future reward

Representative model of how
humans learn from experiences

Lies in between supervised and
unsupervised learning

We implement Deep
Reinforcement Learning for
more complex problems using
Deep Neural Networks



AnyLogic Package delivery maze RL
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Deep Q Network — The Neural Net acts as a value function for a particular state
and outputs a Q-Value for each action. The action that yields the highest value is

chosen by the agent and then performed in the environment.

New State

ol
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Bellman’s Updates: iteratively used to
train the neural network to represent the
Q function

Prioritized Experience Replay: used to
store all experiences in a replay memory
in order of importance and it s sampled in
minibatches during training

Exploration—Exploitation: e-greedy
exploration is used where with
probability € choose a random action,
otherwise go with “greedy action

Target Networks: Training is stabilized
with a second network that is only
updated with the weights every X training
period



Specialized Al toolsets are fine for developing specific components but to
model entire systems we want to integrate Al directly into AnyLogic

Python is well known as the prominent language for data science toolkits. However, we needed a java-based library to achieve
our goal of integrating Al into an AnyLogic simulation.

We looked for a library that met these requirements:

» Java based to allow for integration with AnyLogic

*  Well supported by an engaged community to keep up with Al trends

» Designed for scale as our applications are likely to be for big businesses

* Interfaces with a variety of data stores as is the likely in a commercial scenario

With these requirements, we landed on Deeplearning4j (dl4j). Deeplearning4j is a commercial grade library designed for data
scientists in business environments. Whilst it is always recommended to research libraries for each use case, here are some dl4j
highlights:

* JVM-based distributed deep learning framework

» DI4j leverages ND4J for data management which is also distributed

* Integrates with Hadoop, Spark and Kafka

»  Strong documentation and community
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A common application for simulation is develop “optimal” decision rules for agents
in a complex system. This is a problem that can be tackled with Al technologies
combined with simulation.

Many business problems consist of multiple decisions makers either collaborating or
competing towards a particular goal

PwC is working with a team at a large car company that is looking to roll out autonomous
vehicles for the purpose of transporting customers

Delivered solution used a very complex AnyLogic AB/DE model simulated vehicles that
follow hand coded rules to make their decisions

As an experiment we used “Deep Reinforcement Learning” to train AV to maximize fleet
efficiency while satisfying customer trip demand
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Making it real: Moving Beyond
Gridworld

pwc



To explore using Al in a strategy setting we are experimenting with training an Al
to play the Consumer Market game.

Consumer Market

Strategy control panel

Local promotion

Red Company Memory weight: 1 Promotion volume: 1
Price: 3 Promos
y done 0.1 1 0.5 5
HH
10 swems Influence weight: 0.5 Contact volume:
Global Promotion| S:sas
- i 0.1 1 0.5 5
Remaining influence.2 Global prom time: 5
Price: 3 0 1 5 50
Switch Delta: 0.5 Local prom time: 45
10
Global Promation 0.05 1 5 50
Contact rate: 0.02 CONTACE PIOM LS
Blue Company
Price: 3 Promos 0.003 0.2 5 50
done
10 Acc. switch rate: 0.001 Relocation rate:  0.002
Global Promotion 0001 0.2 0.001 0.01
Market share Sales dynamic Total revenue Weekly revenue
0.15- 20,000 -
| 15,000 -
0.1- !
10,000 -
0.05 -
= 5,000 -
0- 0- '
51,550 51,600 1 2149
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The state-action space for this simple strategy game is larger and more complex
than most “gridworlds”. Also, specifying the reward to guide training is more
difficult.

ﬁ ﬁ

Blue market share

Green market share Global promote
Blue revenue
State mm Green revenue Action s Local promote x 5
vector N Red revenue Space N
Blue promotion Promotion time
Green promotion
Red promotion Price change

H H
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“Red Company” was replaced by a NN while the other two remained rule based.
The Al was trained by playing a 90 day game 1000 times.

Initialize neural network

Start training

[
Exploration vs exploitation ;
During training the model ‘explores’ the Start episode One episode
environment by randomly giving (reset metrics and kid

promotions and observing the reward. The preferences)
observed reward is used to train the neural
network.

Take promote or no
promote action and
evaluate the reward

As we train, we start to use the model’s
recommended, exposing us to more likely
scenarios. This is called exploitation.

Store a memory (state, Play for

Train for 1,000 episodes action, reward, new state) 90 days

The rate at which we explore vs exploit
linearly decreases from the beginning of Train the neural network
training until completion. using a sample of memories

[
Finished training

Evaluate Al by testing for

100 episodes
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So far, the results are mixed. . .

» We ran four experiments with different
competitor behaviors:
* Promotion at 5 day intervals
* 3 Promotions at 15 day intervals
* Promotion day after red promotes
e Promotion whenever share drops
below 30%

e The Al is trained ‘from scratch’ for
each experiment.

» The Al wins if it has the highest profit
at the end of the game.

» Part of the issue appears to be
inadequate simulation model quality
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Al win ratio

100%
89%

Baseline Simple interval Promotional Reactive Market share

pattern driven



Moving from “gridworld” to real life strategy applications is challenging

The “state-action-results” space is much more abstract and complex in a strategy application

» For training purposes the strategy question needs to be structured as a game. Can be difficult to do in
a way that maintains realism.

* As the state-action space grows the number of training iterations grows rapidly placing a premium
on compute performance

» Causal dynamics of the underlying system model must be correct
» Al is opagque making the identification of issues and diagnosis of causes difficult

* Ifin doubt, do not over-engineer
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Concluding Thought

Be glad you’re in the simulation business!

Simulation is a key Al technology and the
simulation practioners who embrace it

will benefit.
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Thank you
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' Analytics Director, PwC

Tel: +1-720-931-7404
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Email: sindy.y.ma@pwc.com
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