
Page 1 Unrestricted | © Siemens 2023 | Yushan Liu | 2023-05-28Unrestricted | © Siemens 2023 | Yushan Liu | 2023-05-28

A Knowledge Graph Perspective 
on Supply Chain Resilience

Yushan Liu1,3, Bailan He1,3, Marcel Hildebrandt1, Maximilian Buchner1,
Daniela Inzko1, Roger Wernert2, Emanuel Weigel1, Dagmar Beyer1,
Martin Berbalk1, Volker Tresp1,3

1Siemens AG
2Siemens Schweiz AG
3Ludwig-Maximilians-Universität München



Page 2 Unrestricted | © Siemens 2023 | Yushan Liu | 2023-05-28

v Supply chain intransparency

v Data disconnectedness

v Data incompleteness

v Identification of criticalities

Ø Model existing knowledge via a knowledge graph

Ø Perform link prediction to complete missing information

Ø Use graph analytics to identify critical suppliers

Supply Chain Challenges 
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Knowledge Graph Schema
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Knowledge Graph Statistics

Siemens suppliers:
v Tier-1: 16,910
v Tier-2: 43,759
v Tier-3: 49,775
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Knowledge Graph Completion: Link Prediction

Object prediction for all relation types for 
a query 

(subject, predicate, ?)

Output: Ranked list of object candidates

subject objectpredicate
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Link Prediction Results

v Apply link prediction methods based on 
v Tensor factorization: RESCAL, ComplEx, TuckER 
v Translation: TransE, RotatE 
v Neural networks: ConvE, RGCN, CompGCN
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Link Prediction Results
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Who? Suppliers, Smelters, …
Where? Countries, Regions, …
What? Business Scopes, Components, …

Examples of criticalities:
v Many suppliers are located in the same region
v Many suppliers have a high risk score
v Multiple tier-1 suppliers buy from the same 

subsupplier
v Only one supplier is related to a specific 

business scope

Identification of Criticalities
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Analysis on the supply network:

v Degree centrality: number of incoming edges (suppliers) and outgoing edges (customers)

v Betweenness centrality: based on the number of shortest paths that a node lies on

v Closeness centrality: average length of the shortest paths between a node and all other nodes

v Triangle count: number of adjacent triangles of a node

v Aggregated score: sum of normalized metrics

Graph Analytics: Identification of Critical Suppliers
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Graph Analytics: Identification of Critical Suppliers

Analysis on the supply network:

v Siemens score of 37.25

v 3 suppliers with a score above 15

v 988 supplier with a score above 10
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Visualization of Critical Suppliers and Business Scopes

Supplier

Critical supplier

Business scope

supplies_to

related_to
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Summary and Outlook

v Connected supply-chain related information to a knowledge graph to increase transparency

v Applied link prediction methods for knowledge graph completion

v Identified critical suppliers using graph analytics based on centrality metrics

Ø Structured evaluation of results by domain experts

Ø Integration of node/edge properties

Ø Analysis based on the complete knowledge graph

Ø Increase explainability of results 


