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C H R I STO P H   
H E N K E L M A N N

• CTO & Founder DIVISIO 
• Studied Computer Science in Bonn (Diplominformatiker) 
• 20 years programming experience 
• Getting Things Done 
• @divisio_ai 
• @chenkelmann
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N L P,  N LG ,  N LU
• Natural Language = textual data,   

not images of text (OCR)  
or spoken language (STT, TTS) 

• Natural Language processing (NLP) divides into 
Natural Language Understanding (NLU) and  
Natural Language Generation (NLG) 

N L P
N LG N LU

Named Entities

Classification

Sentiment Analysis

POS-Tagging

Summarization

Weather reports

Translation
Automated  
Fake News

Chatbots

https://divis.io
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N LG  E X A M P L E S :  W E AT H E R  R E P O RTS

Ramos-Soto et. al.:  Linguistic Descriptions for Automatic Generation of  
Textual Short-Term Weather Forecasts on Real Prediction Data  

 
https://arxiv.org/pdf/1411.4925.pdf
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N LG  E X A M P L E S :  F I N A N C E

DIVISIO Sokratext 
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N LG  E X A M P L E S :  S U M M A R I Z AT I O N

Subramanian et. al.:  On Extractive and Abstractive Neural Document  
Summarization with Transformer Language Models  

 
https://arxiv.org/pdf/1909.03186.pdf

https://divis.io
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N LG  E X A M P L E S :  L A N G UAG E  M O D E L L I N G

https://openai.com/blog/better-language-models/
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N LG  E X A M P L E S :  C H AT B OTS
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T H E  D I RTY  T R U T H  A B O U T   
CO M M E R C I A L   
( DATA  D R I V E N ) N LG
Survey of the State of the Art in 
Natural Language Generation: Core 
tasks, applications and evaluation, 
Gatt et. al., 29.01.2018 
https://arxiv.org/pdf/1703.09902.pdf

• Rules, hacks, templates, coding:  
still SOTA for controllable content 

• Deep Learning / Stochastic models:  
Little/imprecise control over result (except translation) 

•⇒ Smart template engines, “text robots”, etc. are still the norm 

• But: Things are changing fast! (GPT-3 etc.)

https://divis.io
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N LG  W I T H  “ G O O D  O L D  A I ” :  S U BTA S KS

• Content determination: Deciding which information to include in 
the text under construction 

• Text structuring: Determining in which order information will be 
presented in the text 

• Sentence aggregation: Deciding which information to present in 
individual sentences 

• Lexicalisation: Finding the right words and phrases to express 
information 

• Referring expression generation: Selecting the words and phrases 
to identify domain objects 

• Linguistic realisation: Combining all words and phrases into well-
formed sentences. Gatt et. al.: Survey of the State of the Art in Natural Language 

Generation: Core tasks, applications and evaluation 
https://arxiv.org/pdf/1703.09902.pdf
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N LG  W I T H  “ G O O D  O L D  A I ” :  S U BTA S KS

Gatt et. al.: Survey of the State of the Art in Natural Language 
Generation: Core tasks, applications and evaluation 
https://arxiv.org/pdf/1703.09902.pdf
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N LG  W I T H  “ G O O D  O L D  A I ” :  P I P E L I N E

Gatt et. al.: Survey of the State of the Art in Natural Language 
Generation: Core tasks, applications and evaluation 
https://arxiv.org/pdf/1703.09902.pdf
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N LG  W I T H   
“ G O O D  O L D  A I ” :   
A DVA N TAG E S

• Precise control over content  
(What) 

• Precise control over style  
(How) 

• Results are explainable  
(Why)

Photo by Benjamin Rascoe on Unsplash

https://divis.io
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N LG  W I T H   
“ G O O D  O L D  A I ” :   
D I S A DVA N TAG E S

• Repetitive 
• Uncreative 
• Very narrow focus 
• Clumsy formulations 
• A lot of manual work

https://divis.io
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D E E P  L E A R N I N G  B A S E D  N LG
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E X P R E SS I N G  W O R D S  A S  T E N S O RS

Photo by Benjamin Rascoe on Unsplash
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E X P R E SS I N G  W O R D S  A S  T E N S O RS

“house” → ? 

https://divis.io
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W O R D  ( TO K E N )  E M B E D D I N G S
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L E A R N I N G  E M B E D D I N G S
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AT T E N T I O N  L AY E RS

https://github.com/jessevig/bertviz
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B E RT  ST R U CT U R E  -   
T R A N S FO R M E R  B LO C K
Attention is all you need, Vaswani et. al., 06.12.2017
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( S E L F - ) AT T E N T I O N  L AY E RS

https://github.com/jessevig/bertviz

• Embeddings are run through learned linear projections 
to create keys & queries for each token 

• Using the similarity of q & k, each embedding is replaced  
by a weighted sum of the other embeddings

https://divis.io
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L A N G UA G E  M O D E L L I N G

• Language Modelling (LM) is the task of predicting the next 
words / tokens given an input 

• Can be used to create huge amounts of training data from 
unlabelled text

https://divis.io
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L A N G UA G E  M O D E L L I N G  
W I T H  T R A N S F O R M E RS

• Predict every word at once 
• To prevent cheating, we need “masked” attention 
• Every word can only “see” its predecessors 
• “Autoregressive Transformer Models”

https://divis.io
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M A S K E D  ( S E L F - ) AT T E N T I O N  L AY E RS

https://github.com/jessevig/bertviz

[SEP]
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G PT  A R C H I T E CT U R E  &  T R A I N I N G

• Input is tokenized with Byte Pair Coding 
("Carbon dioxide"=>['_C', 'ar', 'b', 'on', '_d', 'i', 'o', 'x', 'ide']) 

• Each token is mapped to an input embedding 
• Embeddings are initialized randomly (like weights) 
• The net is a huge stack of masked transformers 
• GPT is trained only on the LM task: it reproduces its input

https://divis.io
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W H AT  I S  T H E  D I F F E R E N C E   
B E T W E E N  G PT- 1 ,  - 2  &  - 3 ?

• GPT-2 is bigger than GPT-1 
• GPT-3 is bigger than GPT-2

https://divis.io
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H O W  TO  C R E AT E  T E XT  W I T H  G PT ?
• Give GPT a prompt 
• Let GPT finish it token by token (using beam search)

examples by Kevin Lacker (https://lacker.io/ai/2020/07/06/giving-gpt-3-a-turing-test.html) 

Q: What is human life expectancy in the United States?
A: Human life expectancy in the United States is 78 years.

Q: Who was president of the United States in 1955?
A: Dwight D. Eisenhower was president of the United States in 1955.

Q: What party did he belong to?
A: He belonged to the Republican Party.

Q: Who was president of the United States before George W. Bush?
A: Bill Clinton was president of the United States before George W. Bush.

Q: Who won the World Series in 1995?
A: The Atlanta Braves won the World Series in 1995.

I N P U T  TO  “ P R I M E ”  G PT:

https://divis.io
https://lacker.io/ai/2020/07/06/giving-gpt-3-a-turing-test.html
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H O W  TO  C R E AT E  T E XT  W I T H  G PT ?

examples by Kevin Lacker (https://lacker.io/ai/2020/07/06/giving-gpt-3-a-turing-test.html) 

Q: What is your favorite animal?
A: My favorite animal is a dog.

Q: Why?
A: Because dogs are loyal and friendly.

Q: What are two reasons that a dog might be in a bad mood?
A: Two reasons that a dog might be in a bad mood are if it is hungry or if it is hot.

[...]

Q: How many eyes does a spider have?
A: A spider has eight eyes.  
 
[...]  

Q: How many eyes does a blade of grass have?
A: A blade of grass has one eye.

Q: How many rainbows does it take to jump from Hawaii to seventeen?
A: It takes two rainbows to jump from Hawaii to seventeen.

Q: Which colorless green ideas sleep furiously?
A: Ideas that are colorless, green, and sleep furiously are the ideas of a sleep furiously.

Q: Do you understand these questions?
A: I understand these questions.

A F T E R  T H E  I N P U T,  A D D  A N OT H E R  Q U E ST I O N ,   
L E T  G PT  G E N E R AT E  T H E  A N S W E R

https://divis.io
https://lacker.io/ai/2020/07/06/giving-gpt-3-a-turing-test.html
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H O W  TO  C R E AT E  T E XT  W I T H  G PT ?

• GPT can be steered in a certain direction 
• GPT cannot be forced to use certain information 
• GPT will fill out the gaps with whatever it sees fit

https://divis.io
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N LG  W I T H  D E E P  L E A R N I N G :  P R O S

• Extremely realistic output  
• Varied, creative output 
• Hard to tell apart from human output 
• Once trained, much less work to adopt 

to new domain 
• Reusable

Photo by MILKOVÍ on Unsplash
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N LG  W I T H  D E E P  L E A R N I N G :  CO N S

• Clever Hans models 
• No precise control over content 
• No precise control over wording 
• Makes up facts

https://divis.io
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H Y B R I D  M O D E LS
• Replace parts of the 

“classic” NLG pipeline 
with DL solutions 

• Used at DIVISIO to keep 
control over content and 
limit possible 
formulations 

• Adds flexibility to rule-
based approach 

• Saves time 
• Still much more work than 

fully DL solution, but 
retains control

https://divis.io
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CO M B I N I N G  R U L E S  A N D  D L

• Content determination: Deciding which information to 
include in the text under construction 

• Referring expression generation: Selecting the words and 
phrases to identify domain objects 

• Lexicalisation: Finding the right words and phrases to 
express information 

• Text structuring: Determining in which order information 
will be presented in the text 

• Sentence aggregation: Deciding which information to 
present in individual sentences 

• Linguistic realisation: Combining all words and phrases 
into well-formed sentences.

https://divis.io
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@divisio_ai
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