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Constrained Decoding



Structured output

• What if we only want to parse output of 
LLM? 

• Option 1.1 

• Write a robust parser (in python) 

• Let LLM know that you failed to parse 

• Hope for the best 

• Option 1.2: Constrain output
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Constrained Decoding

• Change Sampling of LLM 

•  

• Only sample valid next tokens  

• How to define valid?

xi+1 ∼ P(x1…xi)

xi+1
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Constrained Decoding

• Change Sampling of LLM 

•  

• Only sample valid next tokens  

• Use a Context Free Grammar 

• Regex++

xi+1 ∼ P(x1…xi)

xi+1

root   ::= object 
value  ::= object | array | string | number | ("true" | "false" 
| "null") ws 

object ::= 
  "{" ws ( 
            string ":" ws value 
    ("," ws string ":" ws value)* 
  )? "}" ws 

array  ::= 
  "[" ws ( 
            value 
    ("," ws value)* 
  )? "]" ws 

string ::= 
  "\"" ( 
    [^"\\\x7F\x00-\x1F] | 
    "\\" (["\\bfnrt] | "u" [0-9a-fA-F]{4}) # escapes 
  )* "\"" ws 

number ::= ("-"? ([0-9] | [1-9] [0-9]{0,15})) ("." [0-9]+)? 
([eE] [-+]? [0-9] [1-9]{0,15})? ws 

# Optional space: by convention, applied in this grammar after 
literal chars when allowed 
ws ::= | " " | "\n" [ \t]{0,20}

https://github.com/ggerganov/llama.cpp

https://github.com/ggerganov/llama.cpp


Constrained Decoding

• CFG parser 

• Computes valid completions 
 

• Only sample valid next tokens  

•  

•

v ∈ Vi+1

P → ̂P

̂P(v) = 0 ∀v ∉ Vi+1

xi+1 ∼ ̂P(x1…xi)
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Synchromesh: Reliable code generation from pre-trained language models, Poesia etal 2022



Issue

Constrained Decoding

• Constraints: On text / output 

• Decoding: on tokens 

• Many tokens streams = one text 

• Model only likes one

LLM

Output:
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Guiding LLMs The Right Way: Fast, Non-Invasive Constrained Generation, Beurer-Kellner etal 2024



Solution

Constrained Decoding

• Lift CFG to token level

Guiding LLMs The Right Way: Fast, Non-Invasive Constrained Generation, Beurer-Kellner etal 2024



Solution

Constrained Decoding

• Very complex to implement

Guiding LLMs The Right Way: Fast, Non-Invasive Constrained Generation, Beurer-Kellner etal 2024



Issue

Constrained Decoding

• Outputs are Biased 

• Example CFG 

• S -> aSb | Sc | ε 

•
 

• Sampling will never stop: aaaaaaaa

P(xi+1 |x1…xi) =
0.9 if xi+1 = a
0 if xi+1 = b
0.1 if xi+1 = c
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