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(1) Suppose that an edge e does not belong to A, 

then 𝐺𝛿 𝐴∪ 𝑒 = 𝐺𝛿 𝐴 𝛿 𝑒

(2) 𝐺 = 𝐺𝛿 𝐴 𝛿 𝐴

(3) 𝐺𝛿 𝐴 𝛿 𝐵
= 𝐺𝛿 𝐴△𝐵

(6) 𝐺 = 𝐺𝜏 𝐴 𝜏 𝐴

(4) 𝐺/𝑒 𝛿 𝐴 = 𝐺𝛿 𝐴∪ 𝑒 \𝑒

(5) 𝐺\𝑒 𝛿 𝐴 = 𝐺𝛿 𝐴∪ 𝑒 /𝑒 = 𝐺𝛿 𝐴 \𝑒
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Definition:

Let 𝐺 = 𝑉, 𝐸  be a ribbon graph. 𝐺′ is a Spanning subgraph of 𝐺 

iff 𝐺′ = 𝑉, 𝐸′  with some 𝐸′ ⊆ 𝐸.

Examples:
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Definition:

Let 𝐺 = 𝑉, 𝐸  be a ribbon graph, and let 𝐺′ be a Spanning 

subgraph of 𝐺. If 𝐺′ has exactly one boundary component, then 

𝐺′ is a spanning quasi-tree of 𝐺

Examples:
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A set system:

 𝐷 = 𝐸, ℱ , where ∀𝐹 ∈ ℱ, 𝐹 ⊆ 𝐸

ground set feasible set

Definition:

A delta-matroid is a proper set system 𝐷 = 𝐸, ℱ  that satisfies 

the Symmetric Exchange Axiom

Symmetric Exchange Axiom:

For 𝑋, 𝑌 ∈ ℱ; for ∀𝑢 ∈ 𝑋 △ 𝑌, ∃𝑣 ∈ 𝑋 △ 𝑌, s. t. 𝑋 △ 𝑢, 𝑣 ∈ ℱ



Delta-Matroid
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Definition:

Let 𝐺 = 𝑉, 𝐸  be a ribbon graph. And let

ℱ ≔ 𝐹 ⊆ 𝐸 F is the edge set of a spanning quasi−tree of 𝐺
We call 𝐷 𝐺 = 𝐸, ℱ  the delta-matroid of 𝐺.

Verification:

𝑣

𝑌

𝑢

𝑋
𝑋 △ 𝑢, 𝑣



Twist of Delta-Matroids
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Definition:

Let 𝐷 = 𝐸, ℱ  be a set system. For 𝐴 ⊆ 𝐸, the twist of 𝐷 with 

respect to 𝐴, denoted by 𝐷 ∗ 𝐴, is given by

𝐷 ∗ 𝐴 = 𝐸, 𝐴 △ 𝑋 𝑋 ∈ ℱ



Proof:

An important proposition
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Proposition:

Let 𝐺 = 𝑉, 𝐸  be a ribbon graph,and 𝐴 ⊆ 𝐸, then

𝐷 𝐺 ∗ 𝐴 = 𝐷 𝐺𝛿 𝐴



Proof (continued):
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𝑒 ∈ 𝐹 𝑒 ∉ 𝐹

𝐺

𝐺𝛿 𝑒
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Proof (continued):
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(1) Suppose that an edge e does not belong to A, 

then 𝐺𝛿 𝐴∪ 𝑒 = 𝐺𝛿 𝐴 𝛿 𝑒

Q.E.D



A possible use of this proposition
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𝐺\A 𝐺𝛿 𝐴𝐺/𝐴

𝐺/𝐴 = 𝐺𝛿 𝐴 \𝐴

𝐺\A 𝐺𝛿 𝐴

𝐷 𝐺 ∗ 𝐴 = 𝐷 𝐺𝛿 𝐴

𝐷 𝐺\𝐴 = 𝐷 𝐺 \𝐴

𝜅 𝐺 = 𝜅 𝐺\𝑒 + 𝜅 𝐺/𝑒

ℱ 𝐷 𝐺

= ℱ 𝐷 𝐺\𝑒 + ℱ 𝐷 𝐺/𝑒


	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24

