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Is the snMFE structure 𝑺
asymmetric (𝐑 = 𝟏)?

DONE!
Yes

Dirks et al. 2007 approach

𝐬𝐧𝐌𝐅𝐄

𝑹
𝑺

=
𝟐



Our Approach

15



What if we could break symmetry with symmetry?

15
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What if we could break symmetry with symmetry?

Slicing and swapping strategy
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What if we could break symmetry with symmetry?

Slicing and swapping strategy

16



Sharing the same
Admissible pizza cut

What if we could break symmetry with symmetry?

Slicing and swapping strategy

16



𝑺𝒙

𝑺𝒚

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

(𝑺
𝒙

)

Symmetric 

Symmetric 

𝑺𝒙 and 𝑺𝒚

Admissible pizza cut

Unfavorable 

Favorable 

𝜟𝑮 𝑺

17



𝑺𝒙

𝑺𝒚

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

(𝑺
𝒙

)

Symmetric 

Symmetric 

Asymmetric 𝑺𝒛
𝑺𝒙 and 𝑺𝒚

Admissible pizza cut

Unfavorable 

Favorable 

𝜟𝑮 𝑺

17



𝑺𝒙

𝑺𝒚

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

(𝑺
𝒙

)

Symmetric 

Symmetric 

Asymmetric 𝑺𝒛

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

𝑺
𝒛

=
𝚫

𝐆
𝑺

𝒛
≤

𝜟
𝑮

(𝑺
𝒙

)
𝑺𝒙 and 𝑺𝒚

Admissible pizza cut

Unfavorable 

Favorable 

𝜟𝑮 𝑺

17



Unfavorable 

Favorable 

𝜟𝑮 𝑺

Symmetry naive energy landscape

𝐬𝐧𝐌𝐅𝐄

𝑺𝒙

𝑺𝒚

𝑺𝒛

18

𝑺𝒙 and 𝑺𝒚

Admissible pizza cut



Unfavorable 

Favorable 

𝜟𝑮 𝑺

Symmetry naive energy landscape

𝐬𝐧𝐌𝐅𝐄

What is the maximum number of 
structures we need to backtrack until 

scanning 𝑺𝒙?

𝑺𝒙

𝑺𝒚

𝑺𝒛

18

𝑺𝒙 and 𝑺𝒚

Admissible pizza cut



𝑺𝒙

𝑺𝒚

𝑺𝒛

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

𝑺
𝒛

=
𝚫

𝐆
𝑺

𝒛
≤

𝜟
𝑮

(𝑺
𝒙

)Unfavorable 

Favorable 

𝜟𝑮 𝑺

What is the maximum number of structures 
we need to backtrack until scanning 𝑺𝒙?

19



𝑺𝒙

𝑺𝒚

𝑺𝒛

𝜟
𝑮

(𝑺
𝒚

)
≤

𝜟
𝑮

𝑺
𝒛

=
𝚫

𝐆
𝑺

𝒛
≤

𝜟
𝑮

(𝑺
𝒙

)Unfavorable 

Favorable 

𝜟𝑮 𝑺
Upper bound 𝓤

𝑁: Number of bases
𝑐: Number of strands
𝑣(𝜋): Maximum degree of symmetry given the ordering 𝜋
 𝜎 . : Sum of divisors function

What is the maximum number of structures 
we need to backtrack until scanning 𝑺𝒙?

In worst case

19



Unfavorable 

Favorable 

𝜟𝑮 𝑺

Symmetry naive energy landscape

𝐬𝐧𝐌𝐅𝐄

𝑺𝒙

𝑺𝒚

𝑺𝒛

𝓤 = 𝓞 (𝑵𝟐)

20



Symmetry naive energy landscapeUnfavorable 

Favorable 

𝜟𝑮 𝑺

𝐬𝐧𝐌𝐅𝐄

𝚫𝐆 𝑺

Symmetry aware energy landscape

𝐌𝐅𝐄

𝐄
𝐱

𝐩
𝐨

𝐧
𝐞

𝐧
𝐭𝐢

𝐚
𝐥 

21

If snMFE structure is Symmetric (𝑹 > 𝟏)



Symmetry naive energy landscapeUnfavorable 

Favorable 

𝜟𝑮 𝑺

𝐬𝐧𝐌𝐅𝐄

𝚫𝐆 𝑺

Symmetry aware energy landscape

𝐌𝐅𝐄

𝓞
 (

𝑵
𝟐

)
21

If snMFE structure is Symmetric (𝑹 > 𝟏)



Symmetry naive energy landscapeUnfavorable 

Favorable 

𝜟𝑮 𝑺

𝐬𝐧𝐌𝐅𝐄

𝚫𝐆 𝑺

Symmetry aware energy landscape

𝐌𝐅𝐄

In
 p

ra
ct

ic
e

22

𝓞
 (

𝑵
𝟐

)

If snMFE structure is Symmetric (𝑹 > 𝟏)



Computational complexity of MFE algorithms

𝑁 bases, 𝑐 strands 

Input Type MFE

Single strand 𝑂(𝑁3)

𝑐 = 𝑂(1) unique strands 𝑂 𝑁3 c − 1 !

𝑐 = 𝑂(1) allowing repeated strands 𝑶(𝑵𝟒(𝒄 − 𝟏)!)

Multiple strands, unbounded, 𝑂 𝑁  strands NP − Complete

23
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