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Agenda

4\ What is Al vs. Machine Learning vs Deep? Challenges?

= Deep Learning vs. Machine Learning
— Demo: Trading in Finance

= General deep learning considerations
— Demo: Neural Network architectures

= Deep learning — Diving into the details
— Demo: Classification using deep learning
— Demo: Regression (Time Series modeling) using deep learning
— Demo: Natural language processing

= The Future: Reinforcement Learning
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Deep learning challenges

Data challenges
= Volume of data is growing

- Velocity of data is accelerating Financial o O
. . i Engineer Y U
= Variety of data is dynamic

= Data cleaning is time consuming

Modeling challenges

-
) Traders
= Data driven models Management
= No “one size fits” all solution
= Machine learning modeling is iterative Other groups

Production challenges
= Scalability — leveraging IT resources ‘
= Flexibility — interfacing with systems
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What is Deep Learning?

1980S-ERA NEURAL NETWORK
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The term “deep” refers to the number of layers in the network—the more
layers, the deeper the network.
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Machine Learning vs Deep Learning

Deep learning performs end-to-end learning by learning features, representations and tasks directly
from images, text, and signals

Machine Learning

MANUAL FEATURE EXTRACTION CLASSIFICATION
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Why is Deep Learning So Popular Now?
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Deploying Deep Learning Models for Inference R2018a
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New Product: GPU Coder 201/

Automatically generate CUDA code from MATLAB

3500

. f d | . K GPU Coder
_Support or deep learning networks 2000
In Neural Network Toolbox
2 2500
=  Generate MEX functions for ; 2000
acceleration and verification Q e mxNet
(0]
& . - MATLAB
Lt 1000 /

= (Generated code can integrate

. » Caffe2
with external CUDA code > / TensorFlow

0
1 2 4 8 16 32 64 128

= Deploy deep learning networks on Batch Size

embedded devices like the NVIDIA Tegra / Jetson
CPU: Intel(R) Xeon(R) CPU E5-1650 v3 @ 3.50GHz

GPU: Pascal TitanXP
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MATLAB Differentiators for Al / Deep Learning

MATLAB

— makes it easy to learn and use deep learning techniques
— provides complete workflow from research to prototype to production (enterprise or embedded systems)

It enables analysts to

— Access pretrained models from Caffe and TensorFlow-Keras

— Automate ground-truth labeling with Apps

— Visualize intermediate results and debug deep learning models

— Accelerate model training using NVidia GPUs, Cloud and Clusters
— Automatically convert deep learning models to CUDA or C code for cloud or embedded deployment

‘\ MATLAB

Pretrained Models
from Deep Learning Frameworks
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Technology Stack for Enterprise Integration
Many possible solutions. Reference architectures and consulting services available

Data Analytics Business System
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Machine Learning Workflow

Train: Iterate till you find the best model

LOAD :
DATA

PREPROCESS
DATA

1.
2.
3.

Filtering
PCA
Clustering

SUPERVISED
LEARNING

Classification
Learner

Predict: Integrate trained models into applications

TEST :
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Demo: Trading strategy

“IMachine Learning] gives computers the ability to learn without being explicitly programmed”

Arthur Samuel, 1959

Standard Approach

-

(U

Hand Written Program
If RSI > 70

then “SELL”

If MACD > SIG and RSI <= 70

then “HOLD”

Computer
Program

~

Buy
Hold

Formula or Equation

YTrade

= B1Xrst + B2Xmacp

+ :83XTSMom +

)

Machine Learning Approach

Buy

Machine

Learning HOId

Inputs — Outputs

[ Prediction = F(/actors, trade decision) )
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Natural Language Processing + Deep

oldman
Read 1000’s of written financial reports to evaluate issues automatically dg:alzwgdstma%ht acc":f;jz
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The SEC performed a regulatory audit of the
firm in November 2017. We are awaiting the
results of the examination.

Evaluating risks

* Investment risk level

_ o Low Risk
As of October 31, 2017, the SEC concluded a NLP Machine o Elevate Risk =
regular audit of the investment adviser. Comments Learning Risk Hiah Risk .
were not material and were addressed promptly. See Evaluation Systems © 9 IS N e

the attached audit results letter and our response.

* Follow-up needed?

* Investable?

* Reputational risk concerns?
 Transparency Issues?

* Model Governance Issues?

100’s of Full Time Analysts process

1000’s of Audits x 300 Questions/audit .
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Reinforcement learning iIs available too!
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Set options for training

opts = trainingOptions(’'sgdm’);
Train the network

net = trainNetwork

(XTrain, TTrain, layers, opts);

Make predictions

trainFeatures =

activations (net, XTrain, 6):
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Machine learning challenges

Data challenges

= Volume of data is growing

= Velocity of data is accelerating

= Variety of data is dynamic

= Data cleaning is time consuming

Modeling challenges

- Data driven models

= No “one size fits” all solution

= Machine learning modeling is iterative

Production challenges
= Scalability — leveraging IT resources

= Flexibility — interfacing with systems
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Aberdeen Asset Management Implements
Machine Learning—Based Portfolio
Allocation Models in the Cloud

Challenge
Improve asset allocation strategies by creating model portfolios with
machine learning techniques

Solution

Use MATLAB to develop classification tree, neural network, and support
vector machine models, and use MATLAB Distributed Computing Server
to run the models in the cloud

Results
= Portfolio performance goals supported
= Processing times cut from 24 hours to 3
= Multiple types of data easily accessed

Interns using MATLAB at Aberdeen
Asset Management.

Link to user story

“The widespread use of MATLAB in
the finance community is a real
advantage. Many university students
learn MATLAB and can contribute
right away when they join our team
during internship programs. In
addition, the strong MATLAB libraries
developed by academic researchers
help us explore all the possibilities of
this programming language.”

Emilio Llorente-Cano

Aberdeen Asset Management

4\ MathWorks
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https://www.mathworks.com/company/user_stories/university-college-london-improves-computational-literacy-with-online-and-onsite-matlab-training.html
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Additional Resources

= Machine learning
— https://www.mathworks.com/discovery/machine-learning.html

= Predictive analytics
— https:/Iwww.mathworks.com/discovery/predictive-analytics.html

&MathWorkS' Products Solutions Academia Support Community Events

Machine Learning

Machine Learning

3 things you need to know

4\ MathWorks
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Get Training . (D GARP
CPE Approved

\3‘/ 83 Commarity MATLAB Fundamentals

- C Bordiot S Topics: Core MATLAB functionality including importing, analyzing, and exporting
o  bw

- Duration and Access: 21 hours of content, at your own pace throughout your
EEELLEE 890-day access period
% Buy now

Accelerate your learning curve: Options to fit your needs:

- Customized curriculum - Self-paced (online)

- Learn best practices - Instructor led (online and in-person)

- Practice on real-world examples - Customized curriculum (on-site)

&\ MathWorks
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Training Roadmap

[ MATLAB for Financial Applications }

‘_I__l

Data Analysis and Modeling

I
-

Machine Learning

Time-Series Modeling (Econometrics)

&

Risk Management

|\

Optimization Techniques

4

Application Development

-

Programming Techniques

Interactive User Interfaces

Parallel Computing

/|

N

>

Content for On-site Customization

Asset Allocation

Interfacing with Databases

Interfacing with Excel

\J

N

>
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Consulting Services
Accelerating return on investment

A global team of experts supporting every stage of tool and process integration

Process and Technology
Automation

Process and Technology \

Standardization .
\ Full Application

Process Assessment . Deployment

\ Component
Deployment

Advisory Services .

N

Jumpstart
\ @ Migration Planning

{ Continuous Improvement J

Research Advanced Engineering Product Engineering Teams Supplier Involvement
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