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GRAPH UNDERLYING FIBRE OPTIMISATION

GRAPH UNDERLYING SHOP FOOTPRINT OPTIMISATION



From a graph 𝑮 = 𝑽, 𝑬 to an integer linear program
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Node variables 𝒙𝒖
Edge variables 𝒙𝒖𝒗

Labels ℓ𝒗

Example 1: Max. weight matching

max &
!,# ∈ %

𝑤!# ⋅ 𝑥!#

s.t.

∀𝑢 ∈ 𝑉: &
!,# ∈ %

𝑥!# ≤ 1

Example 2: Min. vertex cover

min &
! ∈ &

𝑥!

s.t.
∀ 𝑢, 𝑣 ∈ 𝐸: x! + 𝑥# ≥ 1



Find the shortest network
connecting the red dots





Steiner tree problem

❓Can we run these in parallel and exchange lower and upper bound info?

Let 𝑮 = (𝑽, 𝑬) be a weighted undirected graph, 𝑽 =:𝒏, and 𝑻 ⊆ 𝑽 a set of terminals (red dots).
For 𝑆 ⊂ 𝑉 define the cut 𝜹 𝑺 ≔ { 𝑢, 𝑣 ∈ 𝐸: 𝑢 ∈ 𝑆 ∧ 𝑣 ∈ 𝑉 ∖ 𝑆}.

min &
!,# ∈%

𝑤!# ⋅ 𝑥!#

s.t.
∀𝑡 ∈ 𝑇: 𝑥' = 1

∀ 𝑢, 𝑣 ∈ 𝐸: 2𝑥!# − 𝑥! − 𝑥# ≤ 0

∀𝑣 ∈ 𝑉: 𝑥# − &
!,# ∈%

𝑥!# ≤ 0

∀𝑆 ⊂ 𝑉: ∀𝑤 ∈ 𝑆: &
!,# ∈((*)

𝑥!# ≥ 𝑥,

min &
!,# ∈%

𝑤!# ⋅ 𝑥!#

s.t.
∀𝑡 ∈ 𝑇: 𝑥' = 1

∀ 𝑢, 𝑣 ∈ 𝐸: 2𝑥!# − 𝑥! − 𝑥# ≤ 0

∀𝑣 ∈ 𝑉: 𝑥# − &
!,# ∈%

𝑥!# ≤ 0

𝑥!# + 𝑥#! ≤ 1

&
#∈&

𝑥# − &
!,# ∈%

𝑥!# = 1

∀ 𝑢, 𝑣 ∈ 𝐸: 𝑛𝑥!# + ℓ# − ℓ! ≥ 1 − 𝑛(1 − 𝑥#!)
∀ 𝑢, 𝑣 ∈ 𝐸: 𝑛𝑥#! + ℓ! − ℓ# ≥ 1 − 𝑛(1 − 𝑥!#)

Exponential-size constraint system Linear-size constraint system

Use linear-size constraint system
+

Add necessary conditions for tree:
• Forbid cycles from cycle  basis,
• Add colouring constraints.

Trade-off



Step 1:
Machine learning model
predicts effect of opening or
closing shops

Step 2:
ILP breaks down shop graph
into manageable clusters

Step 3:
ILP for optimal footprint planning



Machine learning + ILP = optimal shop footprint

Clustering ILP

Closing 
scenarios

Per shop

Per cluster

shop_attribute x shop_var

cluster_attribute x cluster_var
(from machine learning)

max &
-.!/'01

𝑣𝑎𝑙𝑢𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟 ×𝑐𝑙𝑢𝑠𝑡𝑒𝑟_𝑣𝑎𝑟

s.t.

&
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𝑠ℎ𝑜𝑝_𝑣𝑎𝑟 ≤ 1 − 𝜖 #𝑠ℎ𝑜𝑝𝑠

Optimisation scenario (example)



Open shops vs. increase of coverage Example coverage for 
200 shops







Clusters and communities CoveringCuts and flows

Factors Matching Packing

Partitioning Steiner

Facility Location Problem Set Cover
Vertex Cover

Max flow
Min k-flow
Min/max cut
Min uncut
Min/max bisection

Spanning tree / forest Max weight matching
Bipartite matching (LP)

Max-k-coverage
Set packing
Max clique
Max independent set

Vertex colouring Steiner tree
Prize collecting TSP



Map colouring
Our GraphILP API
hello world example



Min Vertex Colouring



Max Clique



Contact
rolf.bardeli1@vodafone.com
https://www.linkedin.com/in/rolf-bardeli-30689a2/









Thank You


