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Vanilla RAG struggles with:
• Multi-hop reasoning


• Modeling relationships between entities


• Global queries (e.g. «What are the main themes in this data?»)


• Contradiction & inconsistency detection (e.g. “Which sources disagree 
about who owns Company X?”)


• Temporal reasoning & evolution over time (e.g. “How did the ownership of 
Company X change between 2018–2023?”)
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💡 Promising solution: RAG + knowledge graphs

• GraphRAG Pattern Catalog - https://graphrag.com/reference/
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https://graphrag.com/


Solution License
Automatic knowledge 
graph building from 

unstructured text
Context retrieval

Generation of the 
answer using the 
retrieved context

Microsoft GraphRAG

https://github.com/
microsoft/graphrag

MIT ✅ ✅ ✅

LlamaIndex 
(PropertyGraphIndex)


https://github.com/run-
llama/llama_index

MIT ✅ ✅ ✅

Graphiti

https://github.com/

getzep/graphiti
Apache-2.0 ✅ ✅ ❌
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Text corpora for testing

Text corpus Length Size (UTF-8 encoding)

«A Christmas Carol in 
Prose; Being a Ghost 

Story of Christmas» by 
Charles Dickens

28,541 words 162,261 bytes

Synthetic events 
dataset (toy dataset) 1798 chars JSON 1798 bytes
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Microsoft GraphRAG
Custom ontology 

support ❌

Approach

- Clusters related entities into hierarchical 
communities


- Generates summary of each community

- Uses these summaries to provide global context 

to LLM

Interface - CLI

- Python API

Assumed use case
Query-Focused Summarization 

(answering global queries) on the static knowledge 
base

Caveats

- Costs (indexing, query) - >100x expensive than 
vanilla RAG


- Slow (10s of seconds per query)

- No incremental indexing

- Not quite production-ready

- Difficult to trace answer provenance (original 

sources contributing to the answer)
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Performance on the 
«Christmas Carol» text 
corpus (~29K English 

words)

Microsoft GraphRAG Vanilla RAG

RAG configuration
GraphRAG defaults 

(chunk size - 1200 chars, overlap 
- 100 chars)

chunk size - 1200 chars, 
overlap - 100 chars 

Top 3 similar chunks (no 
rerank)

Indexing cost (tokens)
- Inference (input): ~335K tokens

- Inference (output): ~727K tokens

- Embedding: ~76K tokens

Embedding: ~44K tokens

Indexing time (seconds) 390 seconds 3 seconds

Query cost (tokens)

Global query

- inference (input): ~28K tokens

- inference (output): ~5K tokens

Local query:

- inference (input): ~11K tokens

- inference (output): ~2K tokens

- inference (input): ~3500 
tokens


- inference (output): ~700 
tokens

Query time (seconds) Global query: ~78 seconds

Local query: ~50 seconds ~6.5 seconds
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Microsoft GraphRAG Query types

Query type Focus

Local Retrieval of information 
about specific entity

Global Global queries

Drift Local, but expanded with 
summaries

Basic
Vanilla RAG (designed to 

compare results 
depending on the type of 

query)

You are supposed to choose 
a query type explicitly! 

No auto-selection

9



10



LlamaIndex (PropertyGraphIndex)
Custom ontology 

support ✅

Approach
Customizable scaffolding for RAG pipeline 

(unstructured data ingestion, indexing, retrieval), 
including GraphRAG

Interface
- Python API

- TypeScript API (limited, e.g. has no 

PropertyGraphIndex)

Assumed use case
- Customizable graph building

- Customizable graph querying (both keyword-

based node search and semantics-based)
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Performance on the 
«Christmas Carol» text 
corpus (~29K English 

words)

LlamaIndex (PropertyGraphIndex) Vanilla RAG

RAG configuration

chunk size - 1200 chars, 
overlap - 100 chars 

include source text chunks 
chunk size - 1200 chars, 

overlap - 100 chars 
Top 3 similar chunks (no rerank)

Indexing cost (tokens)
- Inference (input): ~48K tokens

- Inference (output): ~195K tokens

- Embedding: ~120K tokens

Embedding: ~44K tokens

Indexing time (seconds) 105 seconds 3 seconds

Query cost (tokens) - inference (input): ~3500 tokens

- inference (output): ~1600 tokens

- inference (input): ~3500 tokens

- inference (output): ~700 tokens

Query time (seconds) ~16 seconds ~6.5 seconds
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Graphiti
Custom ontology 

support ✅

Approach Temporally-aware (native support of evolving data, 
allowing point-in-time queries)

Interface - Python API

- MCP server

Assumed use case - Evolving data

- Preserving history of changes
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EPISODES = [ 
    { 
        "timestamp": "2020-01-15T09:00:00Z", 
        "content": "Alice Smith joined TechCorp as a Junior Developer. Her manager is Bob Wilson. Her starting salary is 70000 dollars per year." 
    }, 
    { 
        "timestamp": "2020-02-01T10:00:00Z", 
        "content": "Alice Smith is working on the mobile team at TechCorp. Bob Wilson leads the mobile team. The team is building a new iOS app." 
    }, 
    { 
        "timestamp": "2021-03-01T09:00:00Z", 
        "content": "Alice Smith has been promoted to Senior Developer at TechCorp. Her new salary is 95000 dollars per year. She is still reporting to Bob Wilson." 
    }, 
    { 
        "timestamp": "2021-09-15T09:00:00Z", 
        "content": "Bob Wilson left TechCorp. Alice Smith now reports to Carol Johnson, the new mobile team lead." 
    }, 
    { 
        "timestamp": "2022-06-01T09:00:00Z", 
        "content": "Alice Smith promoted to Tech Lead at TechCorp. Her salary is now 120000 dollars. She still reports to Carol Johnson but now leads a team of 5 developers." 
    }, 
    { 
        "timestamp": "2023-02-01T09:00:00Z", 
        "content": "Alice Smith left TechCorp and joined MegaSoft as a Staff Engineer. Her new manager is David Chen. Her salary at MegaSoft is 150000 dollars." 
    }, 
    { 
        "timestamp": "2023-03-15T10:00:00Z", 
        "content": "Alice Smith is working on the cloud infrastructure team at MegaSoft. David Chen is the VP of Engineering. Alice is leading the migration to Kubernetes." 
    }, 
    { 
        "timestamp": "2024-01-10T09:00:00Z", 
        "content": "Alice Smith promoted to Principal Engineer at MegaSoft. Her new salary is 180000 dollars. She now reports directly to the CTO, Eva Martinez." 
    }, 
    { 
        "timestamp": "2024-06-01T09:00:00Z", 
        "content": "Alice Smith started advising a startup called CloudNine on weekends. She remains employed full-time at MegaSoft as Principal Engineer." 
    }, 
    { 
        "timestamp": "2021-10-01T09:00:00Z", 
        "content": "Bob Wilson joined StartupXYZ as CTO after leaving TechCorp. He is building a new fintech product." 
    }, 
] 
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Performance on the synthetic HR 
events toy dataset. Graphiti

Episode ingestion time (seconds) ~15 seconds (180 character JSON)

Query cost (tokens)
Low (does not involve inference, only entity/
relationship search, except for cross-encoder rerank 
configuration)

Query time (seconds) P95 300ms (but no generation involved!)
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RAG Benchmark License Approach Covers types of queries

GraphRAG-Bench
https://github.com/GraphRAG-Bench/

GraphRAG-Benchmark
MIT Quantitative metrics (+ they use 

the aggregate accuracy metric)

- Fact Retrieval (Local query)
- Complex Reasoning (Multi-hop 

reasoning)
- Contextual Summarize (Global query)
- Creative Generation

Microsoft Benchmark-QED
https://github.com/microsoft/

benchmark-qed
MIT Pairwise comparison - Local queries

- Global queries
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https://github.com/GraphRAG-Bench/GraphRAG-Benchmark
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Other OSS GraphRAG solutions

• OpenSPG/KAG (Apache 2.0 https://github.com/OpenSPG/KAG)


• LightRAG (MIT https://github.com/HKUDS/LightRAG)


• HippoRAG2 (MIT https://github.com/OSU-NLP-Group/HippoRAG)
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https://github.com/OpenSPG/KAG
https://github.com/HKUDS/LightRAG
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Conclusions
• Vanilla RAG is often insufficient


• GraphRAG extend what’s possible - but comes at cost


• ⚖ Lack of widely adopted benchmarks / leaderboards to fairly compare 
RAG solutions


• ❗Be sure to evaluate each solution on your own data, with your own 
questions.
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Thank you for attention!

LinkedIn: @kemarskyi
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