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Maintain financial sustainability and 
good governance

Artificial Intelligence (AI)

1 https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai/

• “Artificial Intelligence” and “Machine Learning” used 
interchangeably – not the same!

• Science of how machines mimic human behaviour
• Machines exhibiting human intelligence1

• Term used to describe machine learning techniques
• Umbrella term for techniques 
• Machine learning made possible by AI

• Computers learn from experience by processing large 
amounts of data

• Adjust to new inputs and perform tasks

• Subfields: computer vision, machine learning, Natural 
Language Processing, robotics
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• General AI: machines that are basically humans
- Transformers, Minority Report, Terminator, science fiction movies and 

books
- We can’t do that yet!

• Narrow AI: computers can perform specific tasks “as well as or 
better than humans”
- Play chess, learn images of cats on the internet, Spotify 

recommendations
- Able to do this

- Very specific applications: chess-playing computer cannot give Netflix 
recommendations

- Goal is to help us and to augment our abilities

General AI vs Narrow AI
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Examples/Applications of AI

• Healthcare
- Diagnose and identify diseases
- Image recognition for tumour detection
- Early drug discovery

• Retail
- Anticipate what your customer needs next
- Optimise in-store inventory
- IoT-enabled stores
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Examples/Applications of AI

• Manufacturing
- Predict failures before they happen
- Image recognition to identify flaws
- Optimise yield

• Banking
- Automate intensive and repetitive tasks
- Identify fraudulent transactions
- Credit scoring policies
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Examples/Applications of AI

• Transport
- Traffic management systems

- Predict traffic flow, reduce traffic jams

- Vehicle maintenance, failure prediction

- Self-driving/autonomous vehicles
- Uber, Tesla
- Driverless trucks
- Remote-controlled (crewless) cargo ships
- Driverless trains
- Autopilot (aviation)
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AI and the 4th Industrial Revolution

• Fourth major industrial era since the first industrial revolution in the 
1700s

• Coined by Klaus Schwab, World Economic Forum
- Technological revolution is on the way “that is blurring the lines between 

the physical, digital and biological spheres.” 

• AI: software engine driving the 4IR
• How AI, nanotechnology, quantum computing, 3D printing etc merge 

with our lives
- Evolution of machine learning systems enabling this revolution
- Impact seen in homes, businesses, political processes
- Examples: voice-activated assistants, facial recognition, digital 

healthcare sensors

• First three revolutions characterised by technological advancements
- Fourth more concerned with advances in communication, connectivity
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Machine Learning
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Machine Learning

• An approach to achieve Artificial Intelligence
• “Machine learning is an application of Artificial Intelligence 

(AI) that provides systems the ability to automatically learn 
and improve from experience without being explicitly 
programmed”2

• Set of algorithms used to learn how to perform tasks
- play chess 
- adjust the temperature in a room 
- recognise a fingerprint 
- operate a car

• Data input, algorithm adapts its knowledge, becomes better 
at task

• Parse data, learn from the data, make a prediction about 
something

2 https://www.expertsystem.com/machine-learning-definition/
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Machine Learning

• Hard-coding lines and lines with instructions on how to perform 
a specific task

• Machine learns to perform a specific task

• Machine learning tools used to build intelligent AI applications

• Machine learning algorithms
- Supervised learning
- Unsupervised learning
- Reinforcement learning
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Maintain financial sustainability and 
good governance

Deep Learning
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Deep Learning

• Type of machine learning

• Neural networks form the basis of deep learning
• Deep learning: many hidden layers in a neural 

network
• What is Deep learning exactly? 

- Look at neural networks

• Neural network: designed to process information 
in similar ways than a human brain

Artificial 
intelligence

Machine 
learning

Deep 
learning
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Neural Networks

• Simulate densely connected brain cells in order for computer to 
learn things, make decisions, recognise patterns
- Just like humans

• No need to be programmed to learn – learns by itself!
- Just like a brain

* https://skymind.ai/wiki/neural-network
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Neural Networks
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Deep Learning

• Biggest difference between Deep Learning and NN:
- Deep Learning models have multiple hidden layers

• More hidden layers
 Better learning capabilities
 More complex problems can be addressed
 More complex relationships can be discovered
 More data is needed
 More computational power is used

• NN can have one or two hidden layers
• Deep Learning can have 150+ hidden layers
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Deep Learning

• Enormous networks can be used for:
- Image recognition
- Solving of business problems
- Speech recognition
- Object detection

• Virtual assistants like Siri, Cortana partly powered by Deep 
Learning

• More examples: Google Now, Amazon Alexa, Bing, and ad 
targeting on Google

• According so SAS, 
- “Deep learning techniques have improved the ability to classify, 

recognize, detect and describe – in one word, understand.”
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Deep Learning: A Word of Caution

• Touted as the “best thing since sliced bread”
- One of many tools to achieve Artificial Intelligence

• Very successful in solving problems previously difficult for 
computers to handle

• Downside:
 A lot of computational power is needed
 A lot of data is needed for training
 Still cannot achieve human-like AI, only local generalisation
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Big Data
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Maintain financial sustainability and 
good governance

Big Data

• Lines and lines and pages of numbers in Excel
• Audio recordings
• Video clips
• Text messages

• Big data:
- Massive datasets that cannot be contained or 

processed with traditional data analysis tools and 
techniques

- Datasets that are heterogeneous, unstructured, and/or 
messy

• Redefining the landscape of what it means to collect, 
process, clean, analyse data

• New technologies had to be developed to address this
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Big Data

• No longer just massive datasets
• Now:

- How do companies make sense of this data?
- How do they gain insight from it?

• Moved Business Intelligence from reporting and decision support 
to prediction and pre-emptive decision making

• Big data: can collect anything and everything
• Sophisticated tools exist to handle big and messy data

• Goal of using big data:
- Gain insight
- Make better decisions
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Data Science
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Maintain financial sustainability and 
good governance

Data Science

• Not one clear-cut definition
• Data science = statistics?
• Data science combines:

- Mathematics
- Machine learning
- Data mining
- Programming
- Statistics

• Data science: way to understand, analyse, interpret, manage, and 
merge large amounts of data

• Goal of data science: to extract insights from data
• The more unstructured data there is, the greater the need for data 

science
• We want to know: which patterns satisfy the data, not which 

datasets satisfy the patterns.
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Data Science

• Then: data was processed and analysed for use by humans
• Now: data is processed and analysed for use by computers

- Advent of smart computers and machine learning

• Humans: ability to make semantic connections between datasets 
and data entries
- Still lacking in computers

• Computers: able to process large volumes of data
- Lacking in humans
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Natural Language Processing

• Problem: verbal data and written text is “unstructured 
data”
- Unstructured data does not fit into traditional rows and 

columns
- Need special methods and tools to analyse it

• The answer: Natural Language Processing (NLP)

Natural
language
processing

Machine
learning Deep

learning

Artificial 
intelligence
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Natural Language Processing

• Ability of machines to read, understand, interpret human language 
whether it is written or spoken

• Used to understand the meaning and structure of text data
• Concerned with the organisation of sounds in language
• Also the way in which words are formed and their relationships to 

each other

• Used to perform certain tasks:
- Sentiment analysis
- Spam filtering
- Voice-activated personal assistants
- Answer medical questions 

• Not only one algorithm: field of many algorithms and techniques
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Natural Language Processing: Pros and Cons

• Advantages of NLP
 Machines can read text and hear speech, interpret it, determine 

sentiment, decide what is important
 Machines do not get tired
 Machines are unemotional and consistent

• Disadvantages of NLP
 languages are difficult

- 11 official languages in South Africa alone
 NLP is struggling to detect nuances in language
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Internet of Things

• Concerned with connecting multiple sensors to 
have one connected environment

• IoT is not a technique, it is a technology

• Example: IoT Home

• Smart Cities 
- Cities where everything is seamlessly connected 

by a network of sensors
- Different types of data are collected via sensors 

to supply information to manage assets and 
resources
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Internet of Things (Transport)

• Fleet management
- Maintenance schedules
- Fuel consumption
- Accident response

• Public transit management
- Location of public transport assets
- Suggest alternate routes

• Optimal asset utilisation
- Location of physical assets at all times

• Geo-fencing
- Deviations from planned route

• Dynamic roadside messaging
- Real-time updates of road closures, accidents
- Automatically relayed from sensors and cameras

* https://dzone.com/articles/top-5-applications-of-iot-in-transportation
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Machine Learning

Machine 
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Machine Learning

Machine 
learning

Supervised 
learning
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Supervised Learning

• Set of machine learning techniques where the algorithm is trained 
on a test set where the “answers” are known ahead of time

• Trained algorithm can be used to classify or categorise new and 
unseen data into their correct categories

• Example problems
- Classification
- Regression

• Regression predicts a continuous numerical value
• How much will that car sell for?

• Classification assigns a label to something
• Is this a table or a chair?

• Example algorithms
- Ensemble learning
- Back propagation neural network
- Support vector machines
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Regression
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Regression

𝑦𝑦 = 0.00013727𝑥𝑥
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Classification

 Orange
 Round

 Yellow
 Boat-shaped
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Classification

?  Orange
?  Round

?  Yellow
?  Boat-shaped
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Random Forests

• Random forests: for both regression and classification
• First need to know what decision trees are
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Decision Trees: Example

Autumn?

Day of the week?
Today’s maximum

Historical averages
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Decision Trees

• Computers use a decision tree to learn by mapping out all the 
possible values as branches

• Did not use all possible values in temperature example, because 
we understand that “winter” means “cold” and “summer” means 
“warm”
- Computers do not know this
- Has to learn everything about the problem through what we give it

• Training the model by providing it with any historical data that is 
relevant to the problem

• Also give it the target that we want it to learn
- Maximum temperature for tomorrow

• Model learns any relationships that exist between the data or 
features and the predicted value or target
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Random Forests

* https://www.globalsoftwaresupport.com/random-forest-classifier-bagging-machine-learning/ and https://medium.com/@williamkoehrsen/random-forest-simple-
explanation-377895a60d2d
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Random Forests

• Random forests: used for both regression and classification

• Regression: predicting continuous numerical values
• Example: predicting tomorrow’s maximum temperature
• Forest gives a numerical answer that is the average of all the answers 

that were collected

• Classification: predicting class labels
• Example: finding the best place to buy meat
• Forest takes a vote and uses the answer that got the highest vote as 

predicted label
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Machine Learning

Machine 
learning

Unsupervised 
learning
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Unsupervised Learning

• Unsupervised learning is a set of machine learning techniques where 
the algorithm is not trained on a training set

• Unsupervised learning tries to find patterns in the data
• Algorithm not given goals or rules; has to find hidden patterns in 

unlabelled data
• No human operator or answer key involved
• Algorithm tries to organise data so that data that share attributes can 

be clustered together
• As it analyses more data, the way in which the machine clusters the 

data becomes better and more refined

• Much more uncommon than supervised learning
- What is really meant by machines “learning” and “teaching themselves”

• Examples of problems: clustering, dimensionality reduction, 
recommendation, anomaly detection
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• Recommender system/recommendation: a system that 
recommends things to a user

• Works well when there are many users who interact with many 
items

• Examples: 
- Showmax or Netflix

- They send you recommendations of what to watch next 
based on what you like and what you have already watched

- Spotify
- Send you recommendations of what to listen next based on 

what you have already listened to
- Online retailers 

- Recommend products that are similar to ones that you are 
looking at, or products that they think you might need

Recommender Systems
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Anomaly Detection

• Anomaly detection/outlier detection is a technique used to 
identify unusual patterns and events that do not conform to what 
is expected

• Example:
- Suspicious object on a dirt road in the middle of nowhere
- Strange patterns in network traffic that could be a hack
- Plane picked up on radar that should not be there
- Dingy floating in the ocean too close to the harbour

• Can also refer to a data point that seems out of the ordinary
- A value too low or too high 
- A value that lies far from the rest of a cluster of points

• Usually anomalous data can be connected to some problem 
or rare event
- Bank fraud, rhino poaching, a medical diagnosis, or equipment that 

is malfunctioning
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Clustering
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Clustering
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k-means Clustering

* https://towardsdatascience.com/the-5-clustering-algorithms-data-scientists-need-to-know-a36d136ef68/
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k-means Clustering

* https://towardsdatascience.com/the-5-clustering-algorithms-data-scientists-need-to-know-a36d136ef68/
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Machine 
learning

Supervised 
learning

Unsupervised 
learning

Reinforcement 
learning

• Task-driven
• Regression, 

classification

• Data-driven
• Clustering

• Learns to 
react to an 
environment

Reinforcement Learning
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Reinforcement Learning
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Reinforcement Learning: Terminology

• Reinforcement learning has an agent (chess player) that interacts 
with the environment (chess board) in order to maximise a reward
(winning the match)

• Environment: place where the agent lives
- Different policies, actions, and rewards correspond to different 

environments
- Chess example: environment is the space where the agent plays 

chess

• State: situation encountered
- Snapshot of the environment at any given time

• Agent reacts to the environment by performing actions to move from 
one state to the next

• After a state change the agent receives a penalty or a reward
• Action is based on the environment

- Chess example: actions are moves on the chess board
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Reinforcement Learning: Terminology

• Reward function plays a significant role in optimising and stopping 
the algorithm

• Policy: strategy the agent uses for choosing actions to find a better 
outcome
- Contains the rules used by an agent to govern his movement from 

state to state
- Agent’s “brain”

• Agent needs to learn the interaction between states, actions, and 
rewards
- Needs to learn which action to take, given this knowledge about the 

states, actions, and rewards
- Determining which action to take is called the “action policy”

• Give the machine inputs and actions and then reward it based on its 
output
- Goal is to maximise the reward
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Reinforcement Learning

• Difference between RL and other machine learning algorithms:
- Other machine learning algorithms search for patterns in the data
- RL learns by trial and error to get to the right sets of actions or the 

global optimum

• RL can be used for
- Gaming
- Robotics (teaching a robot how to play piano)
- Self-driving cars
- Recommender systems (if you buy product X you might be interested 

in buying product Y)

• Biggest advantage over supervised learning: 
- Do not have to provide an entire training dataset
- Small subset is good enough

• RL was famously used in Google’s AlphaGo which defeated the 
great grandmaster Gu Li
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Q&A
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Thank you 


