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Vocabulary from Training Data

◉ Issue: unseen words cannot be well modeled (but human can)
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Morphological Typology

◉ Complex morphology, or word structure in many languages
○ E.g. Swahili verbs can have hundreds of conjugations, each encoding a 

wide variety of information. (tense, mood, definiteness, negation, 

information about the object, …)
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Token Definition

◉ Character
○ Pros: no unseen, small vocab

○ Cons: semantics of multiple characters is difficult to model

◉ Subword (parts of words)
○ A dominant modern paradigm

○ A balance between word and character
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Byte-Pair Encoding (BPE)

◉ BPE is a simple, effective strategy for defining a subword vocabulary

◉ The most common pair of consecutive bytes of data is replaced with a 

byte that does not occur within that data.
1) Start with a vocabulary containing only characters and an “end-of-word” 

symbol.

2) Using a corpus of text, find the most common pair of adjacent characters 

“a,b”; add subword “ab” to the vocab. 

3) Replace instances of the character pair with the new subword; repeat until 

desired vocab size
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A demo video: https://youtu.be/HEikzVL-lZU

https://en.wikipedia.org/wiki/Byte
https://youtu.be/HEikzVL-lZU


Byte-Pair Encoding (BPE) Demonstration

1) Start with a vocabulary containing only characters and an 

“end-of-word” symbol.
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l o w </w> : 5

l o w e r </w> : 2

n e w e s t </w> : 6

w i d e s t </w> : 3
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seen 9 timesseen 9 times
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Byte-Pair Encoding (BPE) Demonstration

2) Using a corpus of text, find the most common pair of 

adjacent characters “a,b”; add subword “ab” to the vocab. 
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l o w </w> : 5

l o w e r </w> : 2

n e w e s t </w> : 6

w i d e s t </w> : 3
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Byte-Pair Encoding (BPE) Demonstration

3) Replace instances of the character pair with the new 

subword; repeat until desired vocab size
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l o w </w> : 5

l o w e r </w> : 2

n e w es t </w> : 6

w i d es t </w> : 3

VOCAB
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seen 9 times

Byte-Pair Encoding (BPE) Demonstration9

l o w </w> : 5

l o w e r </w> : 2

n e w es t </w> : 6

w i d es t </w> : 3

VOCAB

</w>  d
e  i l  
n  o  r  
s  t  w  

es

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  
es est



seen 9 times

Byte-Pair Encoding (BPE) Demonstration10

l o w </w> : 5

l o w e r </w> : 2

n e w est </w> : 6

w i d est </w> : 3

VOCAB

</w>  d
e  i l  
n  o  r  
s  t  w  

es

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  
es est

</w>  d
e  i l
n  o  r
s  t  w 

es est est</w>



seen 7 times

Byte-Pair Encoding (BPE) Demonstration11

l o w </w> : 5

l o w e r </w> : 2

n e w est</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l
n  o  r
s  t  w 

es est est</w>

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo



seen 7 times

Byte-Pair Encoding (BPE) Demonstration12

lo w </w> : 5

lo w e r </w> : 2

n e w est</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low



Byte-Pair Encoding (BPE) Demonstration13

low </w> : 5

low e r </w> : 2

n e w est</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne



Byte-Pair Encoding (BPE) Demonstration14

low </w> : 5

low e r </w> : 2

ne w est</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new



Byte-Pair Encoding (BPE) Demonstration15

low </w> : 5

low e r </w> : 2

new est</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new 
newest</w>



Byte-Pair Encoding (BPE) Demonstration16

low </w> : 5

low e r </w> : 2

newest</w> : 6

w i d est</w> : 3

VOCAB

2) Add the most common adjacent characters to the vocab. 

3) Replace the character pairs with the new subword

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new 
newest</w>

</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new 
newest</w> 
low</w>



Byte-Pair Encoding (BPE) Demonstration

◉ MERGES
○ e + s => es
○ es + t => est
○ est + </w> => est</w>
○ l + o => lo
○ lo + w => low
○ n + e => ne
○ ne + w => new
○ new + est</w> => newest</w>
○ low + </w> => low</w>
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</w>  d
e  i l  
n  o  r  
s  t  w  

es est est</w> 
lo low ne new 
newest</w> 
low</w>



Byte-Pair Encoding (BPE) Demonstration

◉ Handling unseen tokens: lowest
○ e + s => es
○ es + t => est
○ est + </w> => est</w>
○ l + o => lo
○ lo + w => low
○ n + e => ne
○ ne + w => new
○ new + est</w> => newest</w>
○ low + </w> => low</w>
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low est</w>



Byte-Pair Encoding (BPE) Demonstration

◉ Handling unseen tokens: powest
○ e + s => es
○ es + t => est
○ est + </w> => est</w>
○ l + o => lo
○ lo + w => low
○ n + e => ne
○ ne + w => new
○ new + est</w> => newest</w>
○ low + </w> => low</w>
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<unk> o w est</w>



BPE Properties

◉ Usually include frequent words and frequent subwords
○ Are often morphemes (e.g. –est or –er)

◉ A morpheme is the smallest meaning-bearing unit of a language
○ unlikeliest => un-, likely, -est (3 morphemes)
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Multilingual BPE

◉ Multilingual models tokenize all language by a unified BPE

◉ Tokenizing Mandarin via Unicode encoding is inefficient → higher cost
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https://platform.openai.com/tokenizer

Note: Your input contained one or more unicode

characters that map to multiple tokens.



Concluding Remarks

◉ Subword modeling addresses issues about unseen words

◉ Byte-pair encoding (BPE) is a commonly used method for 

subword tokenization
○ Include both frequent words and subwords (smallest meanining-

bearing units)

◉ Different languages may need their own tokenization for 

better efficiency and lower cost
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