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The Key Questions

What is possible

with modern AI?

How do I add AI 

to my products?

Will AI provide 

us real value?





Purpose

To survey the most popular
modern data-driven AI tools
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Overview

1. AI for Tables

2. AI for Text 

3. AI for Audio

4. AI for Images

5. AI for Video

6. AI for Apps

7. AI for Systems

Simple

Magic!







What Is AI?



Artificial Intelligence



Artificial Intelligence

A machine that 

perceives its environment

and chooses actions

that maximize the expected likelihood

of achieving a goal





What is machine learning?



Artificial
Intelligence

Data and
Statistics

Machine
Learning

Machine Learning



Machine Learning

New data PredictionModel

Data Algorithm



Machine Learning

New data PredictionModel
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Machine Learning
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ML Task Types

Analysis Synthesis

Text Analysis

Table Analysis

Audio Analysis

Image Analysis

Video Analysis

Text Synthesis

Table Synthesis

Audio Synthesis

Image Synthesis

Video Synthesis

Tables

Text

Audio

Images

Video
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ML Model Types

Pre-trained

(off the shelf)

Augmented

(transfer learning)

Custom

(do it yourself)

Easy Hard



Tables



Tables

Date Temp. Humid.

1/1/2020 20°C 58%

1/2/2020 21°C 55%

1/3/2020 22°C 53%

Weather

Product Qty. Price

Milk 1 $3.00

Bread 2 $2.00

Apple 3 $1.00

Sales

Name Age Country

John Doe 21 USA

Zhang San 28 CHN

Priya Singh 39 IND

Clients



Tabular Data

Date Temp. Humidity Wind

1/1/2020 20°C 58% 14 km/h

1/2/2020 21°C 55% 15 km/h

1/3/2020 22°C 53% 17 km/h

Weather
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Tabular Data

Date Temp. Humidity Wind

1/1/2020 20°C 58% 14 km/h

1/2/2020 21°C 55% 15 km/h

1/3/2020 22°C 53% 17 km/h

Weather
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Numerical



Types of Tabular Data

Categorical

true, false

red, green, blue

small, medium, large

Numerical

1, 2, 3 …

4.56

5.97 1024



Data Analysis Tools

Classification Regression Recommendation

Clustering Association
Anomaly

detection

Classification



Classification



Classification

Customer Income Late Pays

Zhang San $99,000 0

Priya Singh $50,000 1

John Doe $25,000 3

Customers

Approve? Score

Yes 90%

Yes 60%

No 80%

Output



Classification

Loan approval Fraud detection Customer Churn



Other Table Analysis Tools

Classification Regression Recommendation

Clustering Association
Anomaly

detection



Regression

Input

Height

W
e
ig

h
t

Output

Height

W
e
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h
t



Recommendation

Product Quantity

Chips 1

Milk 2

Cheese 3

Purchases

Recommend Score

Salsa 70%

Cookies 90%

Crackers 80%

Output



Clustering

Input Output



Association

Input Output



Anomaly Detection

Input Output



Table Synthesis Tools

Data

imputation

Data

generation

Data

transformation

Data

imputation



Imputation



Imputation

Date Temp. Humid.

1/1/2020 [null] 58%

[null] 21°C 55%

1/3/2020 22°C [null]

Weather

Date Temp. Humid.

1/1/2020 20°C 58%

1/2/2020 21°C 55%

1/3/2020 22°C 53%

Weather



Imputation

Data visualization Aggregate analysis ML training datasets



Table Synthesis Tools

Data

imputation

Data

generation

Data

transformation



Generation



Transformation



Table Summary

Data Analysis

Classification

Regression

Recommendation

Data Synthesis

Imputation

Generation

Transformation



Text



Text

To be, or not to be, 
that is the question:

Whether 'tis nobler 
in the mind to suffer

The slings and arrows 
of outrageous fortune,

Or to take arms against 
a sea of troubles

…

The History of AI

The history of AI can be 
roughly divided into five 
main eras. 

Each era can be defined by 
either a series of advances 
and successes or a new set 
of limitations and failures.

…

Dear Mr. Smith,

I’m writing you today to 
inform you of a defect I 
found in the M-1 Turbo 
Encabulator.

On April 1, it began 
exhibiting barescent skor 
motion.

…

Book Article Email
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Textual Data

To be, or not to be, 
that is the question:

Whether 'tis nobler 
in the mind to suffer

The slings and arrows 
of outrageous fortune,

Or to take arms against 
a sea of troubles …

T o b e , o r n o t …
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Text Analysis Tools

Text 

classification

Sentiment

analysis

Entity 

recognition

Tone 

analysis

Language

detection

Syntax

analysis

Text 

classification



Text Classification



Text Classification

Dear Mr. Smith,

I’m writing you today to 
inform you of a defect in 
my M1 Turbo Encabulator.

On Apr 1, the parameteric 
fan began exhibiting 
barescent skor motion …

Input

Dept. Score

Support 90%

Sales 50%

Billing 10%

Output



Text Classification

Document organization Support tickets Spam detection



Other Text Analysis Tools

Text 

classification

Sentiment

analysis

Entity 

recognition

Tone 

analysis

Language

detection

Syntax

analysis



Sentiment Analysis

I love this presentation!

Input

I hate this stupid topic!

Output

0.9 (positive)

0.1 (negative)



Entity Recognition

Entity Start End Score

Microsoft 17 26 99%

Google 31 37 95%

Amazon (company) 80%

Amazon (river) 10%

OutputInput

Last week, both 
Microsoft and Google 
reported a nominal 
increase in revenue 
while Amazon saw a 
small decrease.



Tone Analysis

Dear Mr. Smith,

I hate your stupid face 
and your presentation!

I'm worried your talk has 
destroyed me for life! >: (

Input

Dept. Score

Anger 90%

Fear 60%

Analytical 50%

Output



Language Detection

I love this presentation!

Input

Ich liebe diese 
Präsentation!

Output

English (99%)

German (90%)



Syntax Analysis

The history of AI 
can be roughly 
divided into five 
main eras. 

Input Output



Text Synthesis Tools

Text 

completion

Text

generation

Language

translation

Text

summarization

Language

transliteration

Program

synthesis

Text 

completion



Text Completion



Text Completion

What is your …

Input

Prediction Score

… name? 99%

… age? 80%

… shoe size? 50%

Output



Text Completion

Sentence completion Transcript correction Syntax checking



Other Text Synthesis Tools

Text 

completion

Text

generation

Language

translation

Text

summarization

Language

transliteration

Program

synthesis



Text Generation

Thank the OpenAI 
team for their great 
work on ChatGPT.

Input Dear Open AI team,

I’m writing you today 
to thank you for your 
great work on ChatGPT. 

It’s an amazing product 
and I can’t wait to see 
what you create next.

Sincerely,

Matthew Renze

Output



Language Translation

Today is a good 
day to learn AI!

Input

今天是学习人工
智能的好日子！

Output



Text Summarization

A message thanking 
the OpenAI team for 

their work on ChatGPT.

Input
Dear Open AI team,

I’m writing you today 
to thank you for your 
great work on ChatGPT. 

It’s an amazing product 
and I can’t wait to see 
what you create next.

Sincerely,

Matthew Renze

Output



Language Transliteration

今天是学习人工
智能的好日子！

Input

jin tian shi xue 
xi ren gong zhi 

neng de hao ri zi!

Output



Program Synthesis

Print all items
in a list m 

that are even.

Input

for x in m:

    if x % 2 == 0:

        print(x)

Output



Text Summary

Text Analysis

Text classification

Sentiment analysis

Entity recognition

Text Synthesis

Text completion

Text generation

Language translation



Sentiment Analysis Demo



Hello world.

Input

I love you!

I hate you!

Output

Neutral (0.97)

Negative (-1.00)

Positive (1.00)

Demo Overview
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Audio



Audio
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Audio

Mono



Audio

Mono Stereo

Left

Right



Audio Analysis Tools

Sound

classification

Speaker

recognition

Speech

recognition

Sound

detection

Sound

localization

Song

recognition

Sound

classification



Sound Classification



Sound Classification

Prediction Score

Cat 99%

Dog 50%

Bird 10%

Output

Source: Zapsplat.com

Input



Sound Classification

Gunshot detection Predictive maintenance Wildlife conservation



Other Audio Analysis Tasks

Sound

classification

Speaker

recognition

Speech

recognition

Sound

detection

Sound

localization

Song

recognition



Speaker Recognition

Prediction Score

Matthew Renze 99%

Zhang San 50%

Priya Singh 10%

OutputInput



Speech Recognition

Output

Hi, my name is 
Matthew Renze.

Input



Sound Detection

OutputInput



Sound Localization



Song Recognition

Input Output

Artist U2

Song With or Without You

Album The Joshua Tree

Year 1987



Audio Synthesis Tasks

Speech

synthesis

Voice

synthesis

Speech

translation

Sound 

generation

Instrument

translation

Music 

generation

Speech

synthesis



Speech Synthesis



Speech Synthesis

Hi, my name is 
Matthew Renze.

Input Output



Speech Synthesis

Hands-free apps Document narration Natural UI



Other Audio Synthesis

Speech

synthesis

Voice

synthesis

Speech

translation

Sound 

generation

Instrument

translation

Music 

generation



Voice Synthesis

Hi, my name is Matthew Renze.

Hello, I’m Matthew Renze. 
I’ll be your virtual instructor today.

Input Output



Output

“Hola, mi nombre es Matthew Renze.”

Speech Translation

Input

“Hi, my name is Matthew Renze.”



Sound Generation

OutputInput



Instrument Translation



Music Generation

OutputInput

Genre Classic Pop

Artist Frank Sinatra

Lyrics

It’s Christmas time 

and you know what 

that means. Oh, it’s 

hot tub time as I …



Audio Summary

Audio Analysis

Sound classification

Voice recognition

Speech recognition

Audio Synthesis

Sound generation

Speech synthesis

Speech translation



Images



Images



Image Data



Image Data

9 10 10 10 9 2 5 7

10 10 9 6 6 3 4 9

10 10 8 6 9 9 3 9

10 9 8 8 8 9 3 7

10 9 8 4 1 3 2 6

9 9 6 6 5 6 2 4

9 9 8 8 9 10 6 5

9 9 9 9 9 9 9 7



Image Data



Image Data

Mono Stereo



Image Analysis Tasks

Image

classification

Object

detection

Face

recognition

Image

search

Image

captioning

Image

segmentation

Face

analysis

Body

analysis

Document

analysis

Image

classification



Image Classification



Image Classification

Prediction Score

Cat 99%

Dog 50%

Bird 10%

OutputInput



Image Classification

Image tagging Defect detection Medical diagnostics

Farm

Crops

Sky

Outdoor

Field

Cloud

Barn

Silo

Plant



Other Image Analysis Tasks

Image

classification

Object

detection

Face

recognition

Image

search

Image

captioning

Image

segmentation

Face

analysis

Body

analysis

Document

analysis



Object Detection

OutputInput



Face Recognition

Prediction Score

Matthew Renze 99%

Zhang San 50%

Priya Singh 10%

OutputInput



Reverse Image Search

OutputInput



Image Captioning

https://cs.stanford.edu/people/karpathy/deepimagesent/

Input

A man in a black shirt 
is playing a guitar.

Output



Image Segmentation

OutputInput

https://mi.eng.cam.ac.uk/projects/segnet/



Face Analysis

Gender Male

Age 36

Glasses No

Hair Brown

Emotion Happy

OutputInput



Body Analysis

Pose Standing

Gesture Peace Sign

Finger Count 2

Adult Content No

OutputInput



Input

Store Receipt

$6.00

X

Document Analysis

Output

Item Qty. Price

Milk 1 $1.00

Chip 2 $2.00

Cheese 3 $3.00

Item Qty. Price

Milk 1 $1.00

Chip 2 $2.00

Cheese 3 $3.00

Store Receipt

Total: $6.00

Signature: John Smith



Image Synthesis Tools

Image

completion

Image

generation

Image

style transfer

Image

coloration

Image

super-resolution

Depth-map

estimation

Face 

generation

Sketch

generation

Image

interpolation

Image

completion



Image Completion



Image Completion

Input Output



Image Completion

Object removal Image expansion Image restoration



Other Image Synthesis Tasks

Image

completion

Image

generation

Image

style transfer

Image

coloration

Image

super-resolution

Depth-map

estimation

Face 

generation

Sketch

generation

Image

interpolation



Image Generation

Input

A photograph of 
an astronaut riding 

a horse on the moon.

Output



Image Style Transfer

Source image

Input Output

Style image



Image Coloration

Input Output



Image Super-Resolution

Input Output



Depth-Map Estimation

OutputInput



Face Generation

OutputInput

Gender Female

Age 33

Glasses No

Hair Blonde

Emotion Happy

Source: Analyzing and Improving the Image Quality of StyleGAN



Sketch Generation

Input Output

Source: DeepFaceDrawing - Deep Generation of Face Images from Sketches



Image Interpolation

Input

Source: In-Domain GAN Inversion for Real Image Editing

Output



Image Summary

Image Analysis

Image classification

Object detection

Face recognition

Image Synthesis

Image completion

Image generation

Image style transfer



Face Detection Demo



Demo Overview

Input Output













Video



Video

Video by German Korb from Pexels



Video



Video

Mono Stereo



Includes All Previous A/V Tasks

Audio Tasks

Sound classification

Voice recognition

Speech recognition

Image Tasks

Image classification

Object detection

Face recognition



Video Analysis Tools

Motion

detection

Object

tracking

Action

recognition

Optical

flow

Gait

recognition

Lip

reading

Motion

detection



Motion Detection



Motion Detection

Input

No Motion

Motion

Output



Motion Detection

Video surveillance Wildlife monitoring Collaborative robotics



Other Video Analysis

Motion

detection

Object

tracking

Action

recognition

Optical

flow

Gait

recognition

Lip

reading



Object Tracking

Input Output

Source: https://gluon-cv.mxnet.io/build/examples_tracking/demo_SiamRPN.html



Action Recognition

Input Output

Walking

Standing

Sitting

Waving



Optical Flow

Input Output

Source: OpenCV



Person Prediction

Matthew

Zhang

Priya

OutputInput

Gait Recognition



Lip Reading

Input Output

“We have to look at 

whether it works 

for the UK or not.”

Source: Oxford, Lip Reading Sentences in the Wild, and BBC



Image Synthesis Tools

Video

interpolation

Video

generation

Video 

prediction

Video 

transfer

Video

completion

Video face 

synthesis

Video pose 

transfer

Video

interpolation

Video face 

swap

Video lip 

sync



Video Interpolation



Video Interpolation

Source: Nvidia Super SloMo

Input Output



Video Interpolation

Frame-rate conversion Film restoration Video multiplexing



Other Video Synthesis Tools

Video

interpolation

Video

generation

Video 

prediction

Video 

transfer

Video

completion

Video face 

synthesis

Video pose 

transfer

Video

interpolation

Video face 

swap

Video lip 

sync



Video Completion

Input Output

Source: NVIDIA

A teddy bear is playing 

the electric guitar, high 

definition, 4k.



Video Prediction

Input Output

Source: https://sites.google.com/a/umich.edu/rubenevillegas/hierch_vid



Video Transfer

Source: Nvidia Vid-to-Vid

Input Output



Video Completion

Input Output

Source: Deep Video Inpainting (2019)



Video Face Synthesis

Input Output

Source: Nvidia Vid-to-Vid



Video Pose Transfer

Input Output

Source: Nvidia Vid-to-Vid



Video Face Swap

Input Output

Source:: Usersub - https://youtu.be/RdH7JoZZC2M 



Video Lip Syncing

Input Output

Source: Synthesizing Obama: Learning Lip Sync from Audio



Video Summary

Video Analysis

Motion detection

Object tracking

Action recognition

Video Synthesis

Video interpolation

Video generation

Video prediction



Applications



Applications

Input OutputModel

Simple Application



Applications

Input OutputModel Input OutputModelModel

Model

Model

Simple Application Complex Application



Applications



Applications



Applications



Applications

Matthew is waving.



It’s All Just a Function

New data PredictionModel

𝑓 𝑥input output



Analysis Functions



Synthesis Functions



Other Functions?



Combining Models



Combining Models

Class Score

Matthew 99%

Zhang 50%

Priya 10%

Output



Chaining Models



Chaining Models

Class Score

Dog 99%

Cat 50%

Mouse 10%

Output



Modular AI Applications

Input OutputModelModel

Model

Model

Model

Model

Model



It’s a lot like Legos!



AI Application Types

Modular AI Application End-to-end AI Application



AI Application Types

Modular AI Application End-to-end AI Application

Input OutputModelModel

Model

Model



AI Application Types

Modular AI Application End-to-end AI Application

Input OutputModelModel

Model

Model

Input OutputModel



AI Application Types

Modular AI Application End-to-end AI Application

Pros

Cons

Pros

Cons



AI Application Types

Modular AI Application End-to-end AI Application

Easier to create

Easier to maintain

Easier to debug

Requires expertise

Requires more code



AI Application Types

Modular AI Application End-to-end AI Application

Easier to create

Easier to maintain

Easier to debug

Requires expertise

Requires more code

More efficient

More powerful

Less biased

Harder to create

Not transparent



AI Application Types

Modular AI Application End-to-end AI Application



Input OutputModelModel

Model

Model

AI Application Types

Modular AI Application End-to-end AI Application



Input OutputModelModel

Model

Model

Input OutputModel

AI Application Types

Modular AI Application End-to-end AI Application



Input OutputModelModel

Model

Model

Input OutputModel

AI Application Types

Modular AI Application End-to-end AI Application

Easy Hard



Application Summary

Modular AI

applications

End-to-end AI

applications



Systems



Systems

AI Application



Systems

vs

AI Application Cyber-physical System



Systems



Systems

Sensors Actuators



It’s All Just a Function

Sensors ActionModel

𝑓 𝑥input output



It’s All Just a Function

State Data Features ActionSensors ActuatorsPerception Planning



It’s All Just a Function

State

Data

Features

Action



State

State



Sensors

State



Data

State

Data



Perception

State

Data



Features

State

Data

Features



Planning

State

Data

Features



Planning

State

Data

Features



Actions

State

Data

Features

Action



Actions

State

Data

Features

Action



Actuators

State

Data

Features

Action



Feedback

State



Feedback

Courtesy of Ford Motor Company



Feedback

Goal: Drive to destination

Sub-goal 1: Drive via Hwy 1

Sub-goal 2: Drive to onramp 1A

Sub-goal 3: Turn left at onramp

Constraint 1: Stay in lane

Constraint 2: Obey speed limit

Constraint 3: Avoid obstacles

State

Data

Features

Action



System Summary

State

Data

Features

Action



Conclusion



Summary

1. AI for Tables

2. AI for Text

3. AI for Audio

4. AI for Images

5. AI for Video

6. AI for Apps

7. AI for Systems



https://matthewrenze.com



https://matthewrenze.com/courses/
the-ai-developers-toolkit/





What are you waiting for?



Learn more at:
https://matthewrenze.com
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