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• Conventional graphical distance between two sites of 
a graph 

– the minimal sum of edge weights along a path between 
the two sites 

• Not work for some circumstances 

Overview 

Example: chemical bonds 

• A distance function with the allowance of a mutual 
influence of multiple pathways is needed. 

Fails to indicate this chemical 
distance is shorter! 
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Overview 

• A novel distance function based on electrical 
network theory 

– A fixed resistor is imagined on each edge 

• The proposed distance function has “multiple-
route distance diminishment” feature. 

𝐷𝑎𝑏 = 2, 𝑓𝑜𝑟 𝐺1 
 

𝐷𝑎𝑏 = 2, 𝑓𝑜𝑟 𝐺2 
 

𝐷𝑎𝑏 = 2, 𝑓𝑜𝑟 𝐺3 

Conventional Proposed 

1 1 
1 1 
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Overview 

• Generally, for a battery delivering a current I the 
voltage will be 

• How to compute effective resistance matrix for a 
finite connected graph? 4 
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• Effective resistance – how to compute? 

• Resistance is a distance – why? 

• Resistance sum rules 

• Comparison 

• Analogue 

• Conclusion 

Outline 

5 



• Background ideas: 
1. G-flow 

A G-flow from vertex a to b of a graph G is defined to be a 
function 𝑖 on pairs of adjacent sites such that 

 

Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 
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Sums over y ∈ V(G) adjacent to vertex x Kronecker delta 

Kirchhoff’s current law 

Kirchhoff’s voltage law 

Ohm’s law 



• Background ideas: 
2. Admittance (Adjacency) matrix, A 

 

 

 

 

3.    Degree matrix, delta 

 

 

 

 

Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 
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|x) is an orthonormal basis whose 
elements are in one-to-one 
correspondence with the vertices of G:  

𝑥1 =

1
0
⋮
0

, 𝑥2 =

0
1
⋮
0

, ⋯, 𝑥𝑛 =

0
0
⋮
1

 

Sums over the z ∈ V(G) that are adjacent to vertex x 

• Laplacian matrix, ∆ - A, plays a crucial role. 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 

• LEMMA 0 

e.g. |∅) =

1
1
⋮
1

 

• Consequences: 

• ∆ - A does have an inverse within the subspace 
orthogonal to |∅). 



• Pseudo-inverse (generalized inverse) 
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• Effective resistance Ω𝑎𝑏 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 

• Distance function 

– A mapping ρ from Cartesian product V(G)×V(G) to the real 
numbers such that the following axioms are satisfied: 

Example: 
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• Resistance sum rules 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 

- 

• This sum rule avoids the inverse of ∆ - A. 

With all row and column sums zeros? 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 

- 

Edge (vertex) transitive graph: 
every edge (vertex) has the same local 
environment, so that no edge (vertex) can be 
distinguished from any other based on the 
vertices and edges surrounding it 

Z = Q/(Δ - A) 

Z = (Δ - A)n 
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Symmetric graph 



• Comparison between conventional (CD) and 
resistance distances (RD) 
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• Analogue theorems: 
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• Analogue theorems: 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 

a block of a graph is defined to be a 
maximal subgraph without cut-points 

Cof 𝐴𝑖𝑗 ≡ (−1)𝑖+𝑗 𝑀𝑖𝑗 

Cof: 
Cofactors of 
a matrix 



• Analogue definitions 
– Wiener index: the sum of the lengths of the shortest paths between 

all pairs of vertices, which is correlated with the boiling points, density, 
surface tension, etc. 
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• Conclusion 

– A novel distance function, resistance distance, based on 
circuit theory has been identified 

– Some first mathematical features of resistance distance 
has been developed 

– The resistance distance should have chemical relevance 
because of its “multiple-route distance diminishment” 
features 
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Effective resistance  
Resistance is a distance  

Resistance sum rules 
Comparison 

Analogue 
Conclusion 



• Thanks!  
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Q&A 


