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Executive Summary 
 
For decades, industrial companies have organized equipment and sensors in neat "asset 

hierarchies." That approach works when you only need to look up a pump by its tag. But digital 

transformation is asking far tougher questions—How does vibration on a compressor affect 

refinery yield? Which valves share a maintenance contractor? —that simple parent-child trees 

cannot answer. Enter knowledge graphs. By adding a semantic layer that captures every 

meaningful relationship—physical, functional, financial, and even textual—knowledge graphs 

turn isolated data islands into an enterprise‐wide fabric of context. The payoff is faster root-cause 

analysis, richer AI models, and ultimately higher asset productivity. This post traces the evolution 

from hierarchies to graphs and offers a pragmatic roadmap to get there. 

Industry Insight: According to IDC, by 2026, 80% of industrial organizations will leverage 

knowledge graphs and graph databases to unify disparate data sources, driving contextual 

intelligence and operational agility. 

1. Why Asset Hierarchies Became the Default 

• Operational clarity: Equipment trees mirror P&IDs and work orders, making them easy 

for maintenance and reliability teams to understand. 

• Lightweight querying: Tag‐based SQL or historian queries run fast because relationships 

follow a single, predictable path. 

• Visualization simplicity: Tree views are intuitive for everyday navigation. 

The limitation? Asset hierarchies assume every relationship is strictly "parent → child." Cross-

asset interactions—heat integration loops, shared spares, control-system dependencies—get 

buried in spreadsheets or duplicated across multiple hierarchies, creating blind spots and data 

drift. 

 



2. What Makes Knowledge Graphs Different 

Dimension Traditional Asset Hierarchy Enterprise Knowledge Graph 

Data model Rigid parent-child tree Flexible property graph / RDF triplets 

Relationship types "Contains/Is-part-of" Any semantic edge (e.g., feeds, shares 
power with, maintained by) 

Query language SQL / tag search Graph pattern queries (e.g., SPARQL, 
Cypher) 

Visualization Tree view Dynamic network diagrams, contextual 
overlays 

Scalability Single domain 

Typically restricted to OT domain or 
single plants 

Enterprise-wide, multi-domain 

AI readiness Limited feature scope Rich embeddings for ML & GenAI 

Highlight: Microsoft and AWS both emphasize that knowledge graphs are foundational for 

industrial digital twins, enabling advanced analytics, predictive maintenance, and AI driven 

insights at scale. 

3. Business Pressures Driving the Shift 

● OT IT convergence: Enterprise applications (EAM, MES, ERP) now expect shared context 

with operational data. 

● Generative AI assistants: LLMs need richly linked metadata to ground responses 

("Which pumps similar to P 101 failed under the same conditions?"). 

● Regulatory scrutiny: ESG, emissions, and safety audits require tracing cause-effect 

chains across organizational silos. 

● Workforce turnover: Retirements are erasing tribal knowledge; graphs codify it for new 

engineers. 



4. How to Evolve: A Four-Step Roadmap 

1. Harmonize metadata 

Clean up tag aliases, units, location codes, and maintenance taxonomies. A messy 

hierarchy becomes a messy graph. 

2. Model critical relationships first 

 Start with high-value edges such as "feeds," "powered by," or "maintained by" before 

modeling the entire universe. 

3. Deploy a graph store alongside—not in place of—your historian 

 Stream tag updates via Kafka or MQTT, enrich them with semantic context in a graph 

database, and expose both REST and SPARQL endpoints. 

 Tip: Treat the graph as a context layer; leave high-frequency sensor values in time-

series systems and link via IDs. 

4. Build incrementally 

 Avoid upfront over-modeling. Begin with a narrow scope—one high-impact asset class 

and a few key relationships. Let business questions drive expansion. This reduces risk, 

ensures operational relevance, and allows the graph to evolve organically based on 

real-world usage and feedback. 

Tip: Treat the graph as a context layer; leave high-frequency sensor values in time-series systems 

and link via IDs. 

5. Use-Case Payoffs 

Use case Why graphs beat hierarchies 

Predictive maintenance Models can traverse dependencies (e.g., motor ↔ variable-speed drive 
↔ PLC) to find hidden failure precursors. 

Batch genealogy & recall Trace raw material lots through multiple plants without reconciling 
separate BOM trees. 

Energy optimization Graph algorithms quickly find loops and alternative flow paths for pinch 
analyses. 

Generative design assistants LLMs grounded in the graph can answer, "If I upsize P 201, what 
downstream equipment is impacted?" in natural language. 

Highlight: AWS reports that organizations using knowledge graphs for predictive maintenance 

have seen up to 30% reduction in unplanned downtime. 



6. Implementation Watch-Outs 

• Governance discipline: Agree on ontology ownership; otherwise, edges proliferate and 

trust erodes. 

• Versioning and Change Management: Treat the knowledge graph and its ontologies as 

versioned assets. Maintain detailed change logs, implement schema version control, and 

allow rollback to earlier states. This is critical for audits, reproducibility, and regulated 

environments. 

• Robustness to Errors: Real-world data pipelines are messy. Leverage a platform that 

uses validation rules to catch incorrect or ambiguous relationships, has alerting 

mechanisms to flag errors, and remediation workflows for correcting issues without 

impacting dependent applications. 

• Performance tuning: Hybrid graph–TSDB patterns avoid pushing time-series sprawl into 

the graph. 

• Skill lift: Train data engineers on graph modeling and SPARQL; don’t assume SQL skills 

translate directly. 

• Visualization ergonomics: Network graphs can overwhelm users; craft role-specific 

views that surface only relevant relationships. 

Call-out: Success with knowledge graphs depends as much on governance and skills as on 
technology. 

7. Getting Started with Minimal Disruption 

1. Pick a flagship asset class (e.g., rotating equipment) and model 3-5 relationship types. 

2. Embed graph-backed insights in an existing dashboard—no "big-bang" UI change. 

3. Iterate based on questions users still canʼt answer. New question → new edge. 

8. Conclusion 

Asset hierarchies will not disappear; they remain a quick way to locate a tag. But relying solely 

on trees in 2025 is like navigating a city with a 2D paper map while competitors use GPS with 

traffic overlays. Knowledge graphs add the missing dimension of context, turning static data into 

an interconnected fabric that powers advanced analytics and generative AI. Organizations that 

invest now—starting small, governing wisely, and linking graph insights back to real operational 

workflows—will unlock step-change improvements in uptime, energy usage, and decision speed. 



Reference URLs for Cited Industry Research 

Vendor  Reference Title URL 

IDC IDC TechBrief: Graph Databases https://my.idc.com/ 

Microsoft Azure Digital Twins Overview https://learn.microsoft.com/en-us/azure/digital-
twins/overview 

AWS Knowledge Graphs on AWS Neptune https://aws.amazon.com/neptune/knowledge-
graphs-on-aws/ 

Databricks R&D Optimization With Knowledge 
Graphs 

https://www.databricks.com/solutions/accelerato
rs/rd-optimization-with-knowledge-graphs 

Note: Some resources may require registration or purchase for full access. Executive summaries and 

product documentation are often available for free. 

To learn more about DeepIQ, explore  our Customer success stories or engage with us through a focused 

pilot to experience the platform’s capabilities firsthand. Contact us at info@deepiq.com to begin your 

transformation journey. 
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