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Embedding

Unstructured data Structured data

Machine learning models excel at imposing mathematical structure on 
unstructured data, allowing the massive computing power of today’s hardware 

to be unleashed in processing the data



Best known example is the 
“embedding” of words as 
vectors so that words are 

arrays of numbers; the 
vectors have meaning, in 

that similar words are 
closer together in the 

vector space
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alligatorhawk

turtle

sledding
jogging

boxing

monsoon

cloud typhoon
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Words with 
related meaning 
have similar 
embeddings
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For 
example, 
different 
animals 
have similar 
(cosine) 
similarity, 
and so do 
cities
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Vectors preserve meaning when projected on line indicating size
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Linear algebra of words

𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 = 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 − 𝑚𝑚𝑚𝑚𝑚𝑚 

𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
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Embedding

The latest models 
based on the 
transformer 
architecture draw on 
the surrounding 
context of a word 

yieldtreasury

bond

bond
cultural

family

martini spy bond
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Recommender system: the Netflix prize
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Recommender System

Data
(sparse data 
0.1-1% full)

K

Recommendation for Viewer i for unseen Movie j

K Characteristics of Viewer i

K Characteristics of Movie j

Viewers

Movies

≈
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Recommender System

Data

K

Recommendation for Investor i for Asset j

K Characteristics of Investor i

K Characteristics of Asset j

Investors

Assets

≈
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Predicting stock holdings

 0.0
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Observed chars PCA0 - R Word2Vec Rec system-R

Out-of-sample R2

Base model (K = 4)
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Base model (K = 4) Large model (K = 10)

Predicting stock holdings
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Some questions to consider
 K is small relative to other examples from machine learning; use larger K? 
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Some questions to consider
 K is small relative to other examples from machine learning; use larger K? 

 Do asset embeddings present the same characteristics as word embeddings? 
 Closeness:

- Is Toyota closer to Samsung or Ford? Is Toyota orthogonal to JP Morgan?
- Is Amazon closer to Walmart or Microsoft?
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Some questions to consider
 K is small relative to other examples from machine learning; use larger K? 

 Do asset embeddings present the same characteristics as word embeddings? 
 Closeness:

- Is Toyota closer to Samsung or Ford? Is Toyota orthogonal to JP Morgan?
- Is Amazon closer to Walmart or Microsoft?

 Do they have semantic relations? What company is 𝑍𝑍 ? 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 + 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =  𝑍𝑍
or

𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍 − 𝑈𝑈𝑈𝑈𝑈𝑈 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑍𝑍
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Thought experiment
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Thought experiment
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Thought experiment
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Embedding of companies names by OpenAI
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Embedding of companies names by OpenAI
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Embedding of companies names by OpenAI
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Embedding of companies names by OpenAI
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