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From a Transmission Network to a Graph
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The MAXIMUM FLOW (MF) Problem

Flow value F (u, v ) of flow f on N is defined by∑
u∈VG

fnet(u)

The MAXIMUM FLOW (MF) is denoted by MF(N )
OPTMF(N ) = max F (N , f )

with f being a feasible flow meaning

fnet(u) = 0

−∞ ≤ fnet(u) ≤ −d

0 ≤ fnet(u) ≤ ∞
|f (u, v )| ≤ cap(u, v )

∀u ∈ V \ (VG ∪ VC)

∀u ∈ VC

∀u ∈ VG

∀(u, v ) ∈ E
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MAXIMUM POWER FLOW (MPF)
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The MAXIMUM TRANSMISSION SWITCHING
FLOW (MTSF) Problem

The MAXIMUM TRANSMISSION SWITCHING FLOW (MTSF) is
denoted by

MTSF(N ) := maxS⊆E MPF(N − S)
with value OPTMTSF(N ) with f being a physical feasible flow
meaning

|f (u, v )| ≤ z(u, v ) · cap(u, v )

b(u, v ) · z(u, v ) ·
(
θ(v )− θ(u)

)
= f (u, v )

∀(u, v ) ∈ E

∀(u, v ) ∈ E
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The MAXIMUM TRANSMISSION SWITCHING
FLOW (MTSF) Problem

Instance: A power grid N .

Optimization Problem MTSF

Objective: Find a set S ⊆ E of switched edges such that OPTMPF(N−S)
is maximum among all choices of switched edges S.

Instance: A power grid N and k ∈ Q≥0.

Decision Problem k -MTSF

Objective: Is it possible to remove a set of edges S ⊆ E such that there
is an physical feasible flow f in N − S with flow value F (N −
S, f ) ≥ k?

[Fisher et al., 2008]
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Dominating Theta Path (DTP)

Fix u, v ∈ V and a u-v -path π.

‖π‖b :=
∑

e∈E(π)

1
b(e)

Susceptance Norm: Minimum Capacity:

cap(π) := min{cap(e) | e ∈ π}

[Section 5; Grastien et al., 2018]
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Fix u, v ∈ V and a u-v -path π.

∆θ(π) := ‖π‖b · cap(π)

‖π‖b :=
∑

e∈E(π)

1
b(e)

Susceptance Norm: Minimum Capacity:

cap(π) := min{cap(e) | e ∈ π}

Angle Difference of π:

Dominating Theta Path (DTP):

∆θmin(u, v ) := min{∆θ(π) | π is a u-v -path}

[Section 5; Grastien et al., 2018]
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Computing DTP [Section 5; Grastien et al., 2018]

b(i , j) := 1 ∀(i , j) ∈ E

Description:

Bicriterial Dijkstra with labels (‖π‖b , cap(π))

at most |E | labels per vertex
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2-approximation on Cacti
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MaxST is a factor 2-approximation algorithm for the MF and MTSF problem on cacti.

Theorem 1 [page 348; Grastien et al., 2018]
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⇔ the MAXIMUM SPANNING TREE (MaxST)

MaxST on Cacti
MTSF is NP-hard on cacti [Lehmann et al., 2014]

MaxST is a factor 2-approximation algorithm for the MF and MTSF problem on cacti.

Theorem 1 [page 348; Grastien et al., 2018]

On cacti the MaxST algorithm runs in time O(|V |).

11



Franziska Wegner – The Maximum Transmission Switching Flow Problem Institute of Theoretical Informatics
Algorithmics Group

Summary & Future Work

planar graphs with
max degree of 3

Graph Structure Complexity

polynomial-
time solvable

co
m

pl
ex

ity

arbitrary graphs non-APX

strongly NP-hard

2-level trees NP-hard

cacti with max
degree of 3 NP-hard

NP-hard
series-parallel
graphs

Algorithm

7

7

7

7

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

X

Xpenrose-minor-free
graphs

on
e

ge
ne

ra
to

r,
on

e
lo

ad
ar

bi
tra

ry
ge

ne
ra

to
rs

,
ar

bi
tra

ry
lo

ad
s

|V
G
|=

2,
|V

C
|=

2

12



Franziska Wegner – The Maximum Transmission Switching Flow Problem Institute of Theoretical Informatics
Algorithmics Group

Summary & Future Work

planar graphs with
max degree of 3

Graph Structure Complexity

polynomial-
time solvable

co
m

pl
ex

ity

arbitrary graphs non-APX

strongly NP-hard

2-level trees NP-hard

cacti with max
degree of 3 NP-hard

NP-hard
series-parallel
graphs

Algorithm

7

7

7

7

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

X

Xpenrose-minor-free
graphs

on
e

ge
ne

ra
to

r,
on

e
lo

ad
ar

bi
tra

ry
ge

ne
ra

to
rs

,
ar

bi
tra

ry
lo

ad
s

|V
G
|=

2,
|V

C
|=

2

12



Franziska Wegner – The Maximum Transmission Switching Flow Problem Institute of Theoretical Informatics
Algorithmics Group

Summary & Future Work

planar graphs with
max degree of 3

Graph Structure Complexity

polynomial-
time solvable

co
m

pl
ex

ity

arbitrary graphs non-APX

strongly NP-hard

2-level trees NP-hard

cacti with max
degree of 3 NP-hard

NP-hard
series-parallel
graphs

Algorithm

7

7

7

7

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

[Lehmann et al., 2014]

X

Xpenrose-minor-free
graphs

on
e

ge
ne

ra
to

r,
on

e
lo

ad
ar

bi
tra

ry
ge

ne
ra

to
rs

,
ar

bi
tra

ry
lo

ad
s

|V
G
|=

2,
|V

C
|=

2

High cS Low cS

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00
Edges normalized by factor |E|

N
or

m
al

iz
ed

M
P

F
in

M
W

32% quantile 35% quantile 75% quantile

Worse than OPTMTSF /2 Better than OPTMTSF /2

0.00 0.25 0.50 0.75 1.00

Normalized flow value F (N, f ) by OPTMT SF in MW

M
ax

S
T

Franziska Wegner – The Maximum Transmission Switching Flow Problem Institute of Theoretical Informatics
Algorithmics Group

Results

[page 349; Grastien et al., 2018]
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Results

What happens if we minimize the number of switches or fix a set of non-switchable
edges?
Is there a PTAS on cacti for MTSF?
Replace 7 by X

Future Work

[page 349; Grastien et al., 2018]
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