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Why do we need a graph system?
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Existing Systems

• Mature data processing systems

– RDBMS

– Map Reduce Systems, e.g. cosmos

• Systems specialized for certain graph operations:

– PageRank
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Graph Data is “Special” …

• Random access (Poor Locality)

– For a node, its adjacent nodes’ content cannot be accessed 
without “jumping” no matter how you represent a graph

– Not cache-friendly, data reuse is hard

• Unstructured nature of graph

– Difficult to extract parallelism by partitioning data

– Hard to get an efficient “Divide and Conquer” solution



Graph in the Jail of Storage

Graph in the 
Jail of the storage

• RDBMS/cosmos, mature but not for graphs

• The commonest graph operation “traversal” 
incurs excessive amount of table joins
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Challenge I: Diversity of Graphs

Do we need to design algorithms for each type of graphs?Social Network

Internet Web Graph

Protein Interaction Network

Satori Schema Graph



Challenge II: Diversity of Computations

• Online query processing 
– Shortest path query
– Subgraph matching query
– SPARQL query
– …

• Offline graph analytics 
– PageRank
– Community detection
– …

• Other graph operations
– Graph generation, visualization, interactive exploration, etc.

Do we need to implement systems for each graph operation?



Challenge III: The Scale of Graphs
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Roadmap of the Graph Engine project
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Trinity Graph Engine:
[Sigmod 2012, 2013]

Subgraph matching, SPARQL,
distance oracle, graph partitioning,
reachability …
[VLDB 2012, 2013, 2014], ICDE 2014
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Design Philosophy

Not a one-size-fits-all graph system, but a graph engine

Flexible data and computation modeling capability

Trinity can morph into 

a large variety of graph processing systems 

Trinity  =  Graph Modeling Tools +
Distributed In-memory Data Store  + 
Declarative Programming Model



Design Rationale of Memory Cloud

Fast random 
access 

Parallel 
computation

Low latency online query
processing

High throughput offline 
analytics

Memory 
cloud

Random 
access 

challenge

RAM capacity 
limit of single 

machine



System Stack



One Byte Counts
(Trinity vs. PBGL)

PGBL Trinity

Execution Time

Memory Usage



Trinity Specification Language

TSL

OMG

IDL

Graph Modeling

Google

ProtoBuf

Data interchange 
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Modeling



Why TSL?

• TSL allows users to define graph schemata, and 
communication protocols through declarative interfaces.

• TSL makes Trinity memory cloud beyond a key-value store

– Users are allowed to freely define the data schema 

– TSL makes message passing programming ever so easy

15



Modeling a Movie and Actor Graph

cell struct Movie
{

string Name;
[GraphEdge]
List<CellId> Actors;

}

cell struct Actor
{

string Name;
[GraphEdge]
List<CellId> Movies;

}



TSL-enabled Cell Accessor:
Efficient and User-friendly



Modeling Message Passing



TSL-Powered Message Passing
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Trinity-enabled Graph 
Computation Paradigms

• Vertex-centric graph analytics
– Prosperous since Pregel, e.g. Giraph, GraphChi

• Approximate graph computation based on local sampling 
– Enabled by randomly partitioned in-memory graph
– Fast approximate computation with minimum communication costs
– Application: distance oracle [VLDB 2014]

• Index-free real-time online query processing
– Enabled by fast in-memory distributed graph exploration
– Examples, subgraph match (vldb 2012) and Trinity.RDF (vldb 2013)



Query Index Examples

Index-based subgraph matching [Sun VLDB 2012] 
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Query Index Examples

Index-based subgraph matching [Sun VLDB 2012] 
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Index-free Query Processing



Trinity Applications



Source Code Graph (Visual Studio)



Source Code Graph (Visual Studio)





Knowledge Graph
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Satori Knowledge Graph 
Powered by Trinity



Challenges of Serving Satori

• Complex data schema
– Rich relations

Satori: An ever-growing knowledge repository

Raw RDF data 4T+

Entities 2.4B+

Triple Facts 20B+



Satori: An ever-growing knowledge repository

Raw RDF data 4T+

Entities 2.4B+

Triple Facts 20B+

Challenges of Serving Satori

• Complex data schema
– Rich relations

– Multi-typed entities

123 mso/type.object.name “Pal”

123 mso/type.object.type  
mso/organism.dog
123 mso/organism.dog.breeds “Collie Rough”

123 mso/type.object.type mso/film.actor
123 mso/film.actor.film 789
789 mso/type.object.type mso/film.film
789 mso/type.object.name “Lassie Come 
Home”

“Pal”



Satori: An ever-growing knowledge repository

Raw RDF data 4T+

Entities 2.4B+

Triple Facts 20B+

Challenges of Serving Satori

• Complex data schema
– Rich relations

– Multi-typed entities

• Distributed in-memory knowledge 
graph

Knowledge Serving Services/APIs

Distributed 
In-memory Graph

Trinity Graph Engine

film
director

actor

External Storage

Satori in Native Graph Database for Real-time Knowledge Serving

Distributed 
In-memory Graph



Satori: An ever-growing knowledge repository

Raw RDF data 4T+

Entities 2.4B+

Triple Facts 20B+

Challenges of Serving Satori

• Complex data schema
– Rich relations

– Multi-typed entities
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Modeling Multi-Typed Satori Entities in a Strongly Typed Manner



Trinity’s Storage Architecture for Satori

film

directoractor

name namename
… …

Entity
Relations

+
In-memory

Entity Properties

On-disk
Entity

Properties



Demo
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Thanks!

http://www.graphengine.io/


