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S → Aa ∣ aB

A → a |c
B → b
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Derivations 

 L(G′ ) = {aa, ab, ca}
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 is unambiguous: 
every word has a unique derivation.

G′ 



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object Smaller Object



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object Smaller Object
(Encoded as a set of strings)



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object CFG
(Encoded as a set of strings)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object CFG
(Encoded as a set of strings)

(unambiguous)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object
(Encoded as a set of strings)

CFG(unambiguous)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object

• A document

(Encoded as a set of strings)
CFG(unambiguous)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object

• A document
• A set of documents

(Encoded as a set of strings)
CFG(unambiguous)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFG as Compression

15

Large Object

• A document
• A set of documents
• Query answer

(Encoded as a set of strings)
CFG(unambiguous)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFGs to Represent Query Answers

15

Large Object = Q(D)
(Encoded as a set of strings)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b

CFG(unambiguous)



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFGs to Represent Query Answers

15

Large Object = Q(D)

For query ,Q(x1, …, xn)
 database D

(Encoded as a set of strings)









An → An−1An−1
An−1 → An−2An−2

…
A1 → A0A0
A0 → a ∣ b

CFG(unambiguous)



May 26, 2025   Harry Vinall-Smeeth, TU-Ilmenau Unambiguous Context Free Grammars

Motivation
CFGs to Represent Query Answers

15

Large Object = Q(D)

For query ,Q(x1, …, xn)
 database D

identify (a1, …, an) ∈ Q(D)
with word a1a2…an

(Encoded as a set of strings)
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But are there situations 
where unambiguity 
comes at a price? 
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Let  contain all words containing 
two  symbols at distance  from each other.

Ln ⊆ {a, b}2n

a n

Then  admits a CFG of size .Ln Θ(log(n))
Best possible compression.

Kimelfeld, Martens and Niewerth: A Formal Language Perspective on Factorized

Representations. ICDT (2025) 

Background
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separation CFG vs uCFG for finite languages.
⟹

 exponential succinctness separation ⟹
NFA vs uCFG for finite languages.

Theorem: Every uCFG for  has size .Ln 2Ω(n)

Mengel, V-S: A Lower Bound on Unambiguous Context Free Grammars via Communication 
Complexity. PODS (2025) 
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From (u)CFG to Rectangle Covers

Lemma:


 , where each  is a 

rectangle and .

L =
ℓ

⨄
i=1

Ri Ri

ℓ ≤ n |G |

Let ,  be a uCFG accepting .L ⊆ Σn G L

Idea: 
Show every disjoint 

rectangle cover of  
has size .

Ln
2Ω(n)

Difficulty:  
how to make use of 

disjointness?
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number of s  
at distance  

is odd

a
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R2 R2

So a disjoint rectangle cover of 
 must use a lot of small 
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Ln
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R3
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Facts: 
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Facts: 
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for all big rectangles . 
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Discrepancy Argument

R1

R2 R2

So every uCFG accepting  
 must be big.  Ln

R3

Sherstov: The multiparty communication complexity of set disjointness. SIAM Journal on 
Computing (2016) 

A Ln∖A Lc
n

Facts: 
(1) . 

(2)  
for all big rectangles . 

|A | ≫ |Ln∖A |

|R ∩ A | ≈ |R∖A |
R
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• Showed a optimal double-exponential succinctness separation of CFGs 
from uCFGs. 

• Lower bound on a natural language: could be basis for other lower bounds. 

• Can we use similar techniques to answer other questions on ambiguity? 

• Particularly intriguing: understanding negation!

• Recent quasi-poly lower bounds for UFA and structured d-DNNF.

H.V.S.: “Structured d-DNNF is Not Closed Under Negation.” IJCAI (2024).

Göös, Kiefer, and Yuan. “Lower Bounds for Unambiguous Automata via Communication Complexity.” ICALP (2022)
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• Showed a optimal double-exponential succinctness separation of CFGs 
from uCFGs. 

• Lower bound on a natural language: could be basis for other lower bounds. 

• Can we use similar techniques to answer other questions on ambiguity? 

• Particularly intriguing: understanding negation!

• Recent quasi-poly lower bounds for UFA and structured d-DNNF.

• What about e.g. uCFG or d-DNNF?

H.V.S.: “Structured d-DNNF is Not Closed Under Negation.” IJCAI (2024).

Göös, Kiefer, and Yuan. “Lower Bounds for Unambiguous Automata via Communication Complexity.” ICALP (2022)
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Rectangle:
R = {x1yx2 ∣ x1x2 ∈ L1, y ∈ L2, |x1 | = a1, |x2 | = a2}

L1 ⊆ Σa1+a2

L2 ⊆ Σb

min(a1 + a2, b) ≥ n/3
a1 + a2 + b = n
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Kimelfeld, Martens and Niewerth: A Formal Language Perspective on Factorized

Representations. ICDT (2025) 
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