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Key(s) footprint

~20B

2016

~100B

2017

~500B

2018

~1T

2019

Keys
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Server footprint

120

2016

~360

2017

~1000

2018

~1600

2019

Servers

Storage = ~9PB in 2019

Memory = 384TB
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Buildout Strategy

Goal

Battery

Battery Pack
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Solutions

Auto-failovers

Sniper

Manticore

Ansible
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Deployment Strategy

Model - KV

Model - UDF

Model - G

Battery pack

Battery
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Model – G = Graph
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Why Real-time Large Scale 

Graph Database
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Fraud Prevention Capability Levels
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Graph Database vs Traditional Database

• SQL Join Hell

• Difficult to express native graph query logic

• Difficult to support flexible and fast-changed schema

• Flatten the view and simplifies the queries

• Optimized for graph queries/computations

• Flexible data types



12 A E R O S P I K E  S U M M I T  ‘ 1 9  |  Proprietary & Confidential  |  All rights reserved. © 2019 Aerospike Inc
©2019 PayPal Inc. Confidential and proprietary.

12

Needs for Real-time Graph Database

▪ The old way before graph database
❑ Use offline data processing to generate KV data sets then push them to online KV storages

❑ Online applications have to write code based on KVs to implement different join/linking logic

Problems:
- Long delay of data refreshes

- Difficult for offline data processing without graph database support

- Not a generic/flexible solution, long TTM

- Difficult for graph data governance

▪ Solution of normal graph database
❑ Leverage graph database for offline/NRT data processing and convert data to KVs for online integration

❑ Online applications have to write code based on KVs to implement different join/linking logic because performance of normal graph 

databases can’t meet tight online SLA requirement

Problems:
- High total cost of ownership

- Not a generic/flexible solution for online application, long TTM

- Difficult for graph data governance

▪ Solution of real-time graph database
❑ Leverage real-time graph database for offline/NRT/RT data processing and directly persist data to the graph database

❑ Online applications directly integrate with real-time graph database

Benefits:
- Lower total cost of ownership

- Low TTM for online integration

- Enable very fast data refreshes

- Enable centralized graph data governance
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Graph Database Landscape & Selection

https://cdn2.hubspot.net/hubfs/4114546/Collateral/TigerGraph-Graph-Database-Landscape-Infographic.pdf

https://cdn2.hubspot.net/hubfs/4114546/Collateral/TigerGraph-Graph-Database-Landscape-Infographic.pdf
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Why Aerospike as Real-time Graph Storage

➢ Super fast with persistence support

➢ Share-nothing architecture, highly scalable

➢ Highly available

➢ Native XDR

➢ Flexible data types

➢ Tabular support

➢ Async non-blocking IO support for Java client (Netty)

Already proven in PayPal
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Comparisons of TigerGraph, JanusGraph & Milkyway

TigerGraph JanusGraph (+ Syclla) Milkyway (+Aerospike)

Category Real-time (milliseconds - seconds) Near-real-time (seconds – minutes) Real-time (milliseconds)

License Commercial only Apache 2 for JanusGraph, additional for Syclla Apache 2 for TinkerPop/Gremlin and Aerospike

Open Source No Yes Not now

Implemented Language C++ Java Java

Update throughput 100K+ updates/sec/node 30K-100K+ updates/sec/node 100K+ updates/sec/node

Query throughput (2-hop query)
(*adjusted based on the known benchmarks)

~1K QPS/node (see ①) n * 100 QPS/node 10K+ QPS/node 

Query latency (2-hop query) Milliseconds level (see ①) Seconds level Avg latency ~30ms

Known usage in production “TigerGraph and GSQL are used in production to 

support multi-hop queries spanning 3-10+ hops, all in a 

graph with 100+ billion nodes and nearly a trillion 

relationships” (see ②)

Netflix: here

Huawei: here

…

PayPal in online production:

5+ billions of vertices in Q1, 2019

10+ billions of vertices in Q2, 2019

…

Gremlin query support No (reasons see ②) Yes Yes

ACID transaction Supported Not supported on Cassandra or HBase or Scylla (see ③ & ④) Not supported for now

Native MDC support ? No? Yes

① https://globenewswire.com/news-release/2018/06/12/1520391/0/en/TigerGraph-Announces-Free-Developer-Edition-of-the-World-s-Fastest-Graph-Database.html
② https://www.tigergraph.com/2018/05/22/its-time-for-a-modern-graph-query-language/
③ https://docs.janusgraph.org/latest/tx.html
④ https://github.com/JanusGraph/janusgraph/issues/926

https://www.slideshare.net/RoopaTangirala/polyglot-persistence-netflix-cde-meetup-90955706
https://www.slideshare.net/DemaiNi/graph-data-a-new-data-management-frontier
https://globenewswire.com/news-release/2018/06/12/1520391/0/en/TigerGraph-Announces-Free-Developer-Edition-of-the-World-s-Fastest-Graph-Database.html
https://www.tigergraph.com/2018/05/22/its-time-for-a-modern-graph-query-language/
https://docs.janusgraph.org/latest/tx.html
https://github.com/JanusGraph/janusgraph/issues/926
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Milkyway – Large Scale Graph 

Database Solution
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High-Level Design Principles

1. Centralized  configuration & metadata-driven solution

• Schema enforced

2. Linear scalability

• Can support trillion+ of vertices & edges

3. Eventually consistency

• Idempotent update for each type of write operation

• Storage issues can always be fixed by bin-log replay

• No transaction & ACID guaranteed
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Graph Query Languages
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Milkyway Graph Schema
Schema example:

Name Description

string character sequence

char individual character

boolean true or false

byte byte value

short short value

integer integer value

long long value

float 4 byte floating point number

double 8 byte floating point number

list list type

map map type

Property data 
types:

Default property 
metadata:

• creation-time : long

• last-modified-time : long
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Overall Architecture Design
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Gremlin Query Benchmark in GCP
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Gremlin Performance in Production

Write performance:

Read performance:
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