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Why Al system gives wrong
answers even though the
right data is around?

The data might be scattered around different data warehouses may be
multiple ERPs are there but the data is still there and the model is not
able to understand how these are connected. This is where the standard
property graph fails but context graph provides such missing connection.

Before understanding
context graph, let us

understand the Graph
Concepts in Data & Al.




Understanding Graph
Concepts in Data & Al

Graph concepts in Data & Al refer to methods of representing
information as interconnected entities to capture relationships,
meaning, and context within data. In this approach, data is modeled
using nodes (entities) and edges (relationships), allowing systems to
understand how different pieces of information are linked. .

Various graph types extend this basic idea by adding properties, ‘
semantics, context, and time-based information to improve data

interpretation (See the Appendix). These concepts are important

in Al applications such as knowledge graphs, recommendation

systems, semantic search, and reasoning engines, where

understanding connections between data points is essential for

making intelligent and context-aware decisions.



What is context graph

A context graph is a structured
representation of entities,
relationships, and their

surrounding context that helps
Al systems understand how
information is connected in a
specific situation.

A context graph is a knowledge representation technique where decisions, policies,
exceptions, precedents, evidence and outcomes are modeled as first-class connected nodes

in a graph, structured for Al consumption. Where systems of record capture what happened, a
context graph captures why, turning institutional reasoning buried in Slack threads, approval
chains and people’s heads into a queryable, machine-readable structure. This is vital for

agent effectiveness; an agent handling a discount exception, for example, cannot determine
whether it reflects standing policy or a one-time override and may reason incorrectly. A context
graph can directly surface that provenance, enabling agents to traverse decision traces, apply
relevant precedents and reason across multi-hop causal chains.

It organizes not only the data itself but also the meaning, relevance, and dependencies
between pieces of information. Unlike simple retrieval methods that return isolated results, a
context graph allows Al to follow relationships across multiple nodes and perform multi-hop
reasoning. In multi-hop reasoning, an Al model connects, accesses and processes multiple
pieces of information present in a given text or across various sources and systems to to
answer complex questions or solve problems. This helps the system understand how different
facts relate to each other and why they matter for a particular query or decision.

In other words, a context graph captures what the data says, how it is connected, and why it
is relevant in a given context. This makes it especially useful in applications like Al assistants,
retrieval-augmented generation (RAG), and decision-support systems where understanding
relationships is crucial.




Example 1

Bank Reconciliation

Without Context Graph With Context Graph Outcome

Bank transaction Better matching with
% explainable reasoning.

payment history

related transactions

|l

Context-aware match

Instead of retrieving isolated facts, the context graph helps the Al combine related information
to produce a grounded, context-aware answer.

Why is a Context Graph
Pivotal in the Modern World?

A context graph is pivotal because modern Al systems must understand not just data, but

the relationships, meaning, and relevance of that data in a specific situation. Traditional

data retrieval methods return isolated pieces of information, but today’s applications like Al
assistants, enterprise copilots, and decision-support systems require deeper reasoning across
connected knowledge. Context graphs enable this by linking entities, metadata, and context
into a structure that Al can traverse for multi-step understanding.



They are especially important because

Improved Al . Context-aware ' Better accuracy in .
reasoning decisions RAG systems

Al can connect multiple Systems consider Reduces hallucinations
related facts instead user intent, domain, by grounding answers in
of relying on single and situation before connected data.
documents. responding.

Handling complex . Supports multi-hop .

enterprise data queries

Links documents, people, Enables answering
processes, and events questions that require
together. chaining several

relationships.

Example 1

FP&A — Variance Analysis

Without Context Graph With Context Graph Outcome

Instead of just saying

revenue drivers + cost drivers + prior “Marketing expenses are
periods + related business events 15% over budget,” the

system can understand

Context-aware variance explanation what drove the variance

and its business context.

Actual vs Budget

Actual vs Budget + business unit +

Variance

Context Graph connects financial data, business entities, events and history to move Al from
isolated insights to context-aware decisions.



Advantages and Disadvantages
of Context Graph (Compared to
Other Graph Methods)

Graph concepts in Data & Al refer to methods of representing
information as interconnected entities to capture relationships,
meaning, and context within data. In this approach, data is modeled
using nodes (entities) and edges (relationships), allowing systems to
understand how different pieces of information are linked.

-

Advantages

Context-aware reasoning

Unlike standard property or knowledge graphs,
context graphs incorporate situational meaning
(user intent, domain, time), allowing Al to
produce more relevant responses.

Better multi-hop reasoning

They enable Al systems to traverse multiple
connected nodes to derive deeper insights,
which is harder with basic graphs.

Reduced ambiguity

Context graphs help disambiguate terms (e.g.,
“Apple” as company vs fruit) using contextual
signals.

Improved decision support

By linking data, metadata, and relationships,
they support more informed and explainable
decisions.

Enhanced Al grounding

Frequently used in RAG pipelines to reduce
hallucinations and improve answer accuracy.

\
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Disadvantages

Higher complexity

Designing and maintaining context layers is
more complex than standard graphs.

More data requirements

Needs additional metadata (intent, domain,
time) to function effectively.

Performance overhead

Context resolution and multi-hop traversal can
increase computation cost.

Harder to model

No single universal schema; implementation
varies across systems.

Maintenance challenges

Context changes over time, requiring
continuous updates.




Best for

Complex
reasoning, Al
assistants, RAG,
decision systems

\_

Less ideal for

Simple factual lookups
where knowledge graphs are
sufficient




New Developments /
Advancements in Graph Concepts
(Especially Context Graphs)

Recent advancements focus on making graphs Al-native, dynamic,
and reasoning-friendly rather than just static relationship maps

1.

Contextual Knowledge Graphs : These combine knowledge graphs + context graphs +
metadata to support better Al reasoning. They dynamically adjust relationships based on
user intent, domain, or task.

Graph + Vector Hybrid (GraphRAG) : Modern systems combine graphs with vector
databases to improve retrieval-augmented generation (RAG). Vectors find relevant content,
while graphs provide structured reasoning paths.

Dynamic / Real-time Context Graphs : Graphs are now updated continuously instead of
being static. Context changes based on real-time events, user behavior, or streaming data.

Multi-hop Reasoning Graphs for LLMs : New graph structures are designed specifically for
large language models to perform step-by-step reasoning across nodes.

Temporal Context Graphs : Combines time + context so Al understands how meaning
changes over time.

Graph Neural Networks (GNNs) with Context : Machine learning models now learn directly
from context graphs to predict relationships, recommendations, or anomalies.

Agentic Al Context Graphs : Al agents now use context graphs to track goals, memory,
tools, and decisions across tasks

Enterprise Context Fabric (Emerging Trend) : Organizations build enterprise-wide context
graphs linking:

This enables Al copilots
across the company.



Appendix

1. Basic Graph : A basic graph represents data as nodes (entities) connected by edges (relationships). It only
shows how things are linked, without extra attributes or semantics. It is the foundation for all other graph

types.
Example: User — follows —> User

2. Standard Property Graph : A property graph extends a basic graph by allowing nodes and relationships to
store properties (key-value attributes). This makes it possible to store detailed information directly in the
graph. It is commonly used in graph databases.

Example: (User: Alice {age:25}) = buys — (Product: Laptop {brand:Dell})

3. Knowledge Graph : A knowledge graph represents real-world entities and factual relationships between them.
It helps Al systems understand structured knowledge and reason over connected facts. It is widely used in
search engines and enterprise Al.

Example: (Paris) = capital_of — (France)

4, Semantic Graph : A semantic graph focuses on defining the precise meaning of relationships using ontologies
and standardized vocabularies. It ensures that data is interpreted consistently across systems. It is commonly
used in linked data and semantic web applications.

Example: (Doctor) = is_a — (Medical Professional)

5. Heterogeneous Graph : A heterogeneous graph contains multiple types of nodes and relationships within
the same graph. This allows modeling complex systems with different entity types. It is often used in
recommendation systems and graph neural networks

Example: User —> watches — Movie — belongs_to — Genre

6. Temporal Graph : A temporal graph includes time information in relationships or nodes. It captures how
connections change over time. This is useful for tracking events, history, or evolving data.

Example: (Alice) = works_at — (Google) [2020-2023]

7. Context Graph : A context graph adds situational meaning to relationships. The interpretation of entities
depends on context such as domain, user intent, or environment. This helps Al systems disambiguate
meanings.

Example: “Apple” —> Company (context: technology) / Fruit (context: food)

8. Contextual Knowledge Graph : A contextual knowledge graph combines structured knowledge with context
awareness. It allows Al systems to reason more accurately by considering both facts and situations. It is
commonly used in modern Al assistants and RAG systems.

Example: (User) = searches — “Jaguar” —> Car (context: automobiles)
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