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Eywa

The Na'vi believe that Eywa acts to keep the ecosystem of Edge-set sYnergistic Workload
Pandora in perfect equilibrium. Eywa emphasizes Architecture (EYWA) as the in-
connection, the connections among the creatures on : :
Pandora and the connections between Na'vi and their .hollflse gra}ph engine techniques
ancestors. In Huawel

Connection is the essence of graph
2 Huawel




Graphs in Al: Intelligent Service

Use Case:

Al assists Technical Services Private Knowledge Graph

» Greater scope

* Fewer errors

Base Virtuous Circle Intelligence

[ Knowledge ] KBAI [ Avrtificial J

* More features
* More precision

7R

Human-Machine Collaboration Inference & Reasoning




Eywa Graph Engine

C ©®© www.hwclouds.com/en-us/proc

Compute

Elastic Cloud Server

Coud Server Backup Service
Coud Container Engine
Bare Metal Server

Auto Scaling

Image Management Service

Dedicated Cloud

Application

ServiceSt:age

Distributed Message Senvice
Simple Message Notification
EC Platform Cloud

Distributed Database Micdleware

HUAWEI! Solutions

Cooperation and Eccsystem

Storage

Elastic Violume Service
Volume Bzckup Service

Obect Storage Service

Dedicated Enterprise Storage Service

Database

Relational Dztabase Service
Distributed Cache Senvice

Document Database Servica

Support

Network

wPC

Elastic Load Balance
Direct Connect

Virtual Private Network

Domaln Name Service

Data Analysis

Data Ingestion Senvice
MapReduce Service
Data warehouse Service
Data Pipeline Service

Maching Learning Service

Service

Security
Anti-DDoS

Key Management Service

SSL Certificate Service

Security Index Service

Security Situation Awareness
Applicztion Recognition Service

Security Fartners Product Center

DevCloud

ProjectMan
CodeHub
CloudFipeline
CodeCheck
CodeCl
Deployman
TestMan
ReleaseMan

X Console

Management & Deployment

Cloud Eye

Identity and Access Managemeant
Cloud Trace Service

Integrated Cloud Migraticn Service
Cloud Catalog Service

Cloud Report Service

Enterprise Applications

Workspace
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From Product to Techniques

aal Lo H'gh-usability-through clicks -8B Usability - Flexible to use
'eb pol aR remlin Quer .
Data Webporat | crenn Qe | | Perform user queries through query language
import Graph metrics Algorithms Queries
[] [E#¥H/DegreeDist. [] HRAKEFEMaxCC W LER/NVix | @)% - o B ™ i
Data O ﬁ%ﬂ“FllZ\{E/Bgtweeness O Top-k%iﬁ%?éﬂ' KSP [] i%/Edge ~ t
[] E¥Z&EiE/Diameter 0 &IMUNERR/MST [] B&fZ/Path
manager [0 EEZEHCluster Coeff. [] PageRankit® [0 FE/Pattern Web portal Gremlin Query |
[ Z=fit#uTriangle Cnt. []  #tE&H/Clustering [ RE4ZiE/Spanning
B k-Core®if [ ERBFA/Link Pred.
Admin
tool
oo Gremlin query language notebook
Import
graph data HFHRERXE/ It B X3/
Results Visualizer
Display result in JSON
SR ERXE/ B B X5/
Results Visualizer
Usability - Easy to use
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Eywa on Cloud - the Architecture

Data in & out

Graph data import/
export agent

Run-time Monitor

DB interfaces

Query & Analysis Sys Mgmnt
Graph metrics Web portal
Management
. . . front-end
Graph algorithms Visualizer
Gremlin / (Cypher) GAS Anomaly detector
Multi-lingal adaptor RESTful APls

Configurations

Eway Kernel for Graph
Computing and Query

Load balancer

User management

Cloud Infrastructure/Platforms

%

legend

End User

Developers

Kernel

Platform
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rade-off Between Analytics and Query
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Labeled Property Graph Model

 Definition Vertex Vertex
label property
* Qraph + property + label ;
' Industry adoption P< . .Tm:',b,
« de facto model for GraphDB A

Edge property

{ roles: Robert Langdon } <"

Person Movie { title:The DaVinci Code }
‘ { name: Ron Howard } B * C
+ each vertex has a collection of DIRECTED

* Noedj, Titan, DSE Graph et@xt(m.;;??m/ ‘meo_m

properties defined by a map from key "

to value. '.
each edge has a collection of
properties defined by a map from key Edge label
to value.

_ _ 4UAWEl




Challenges - Label Ambiguity

Books, authors, and readers

. [name: Emmal
Managers, likes, and collaborators

Persan 9

\!—'/
manages A person can be an
author, or a reader,
rrote rchased or bath
Author " Book by Reader Book
year: 1906 year: 2017 I e anades D——
title: White Fang name: James | 98 title: Unknown
lang: En lang: Zh
purchased
2016 collaborates wrote
year: . -
Author wrote Book since: 2015 year: 2017
purchased "
year: 1872 Reader!
|name: Mark 1. | title: Roughing It year: 2015 Author
lang: En [ame: Jane

likes
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Graph-based Property Management

- Schema graph of a property graph

+ Vertex — a label representing a vertex type
- Edge — a label representing an edge type

- Schema graph ontology

* Relevant labels are connected using directed edge

) name:_string
Porson | .

person

isA purchase

wrote
author book

Pars:
title:_strin
name: Alan ‘name n
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Graph-based DevOps for Eywa

vee - 8 2SN Use a graph to link algorithms, datasets,
Dot Resource ‘ and users, which DevOps by grouping
import User1 User2 Userd users, predicting algorithm usage, and offer
O 0O helps
:\Zt:ager Algo1
Graph1
i Algo2
Q%T:n Graph2 9
Graph3 Algo3
Algo4
[User manager] [ Res. allocate ]
i @
[Algorlthm Rec] [Anomaly Deteca —_——
(FE
2 @ uEx
® 3
- . @ @

Utilize ML and graph algorithms to |

analyze the above graphs, Eywa enjoys ® e @

some basic Al capability in its DevOps ° HUAWEI




Experiments

- Infrastructure

+ 9 VMs from data center
- each with 22-core CPU , 125 GB memory

- Dataset

* Orkut: IVI=3.07M, IEI=117M
* Friendster: IVI=65M, |IEI=1.8B
« Kronecker: I1VI=984M, |IEI=106.5B

»  Query evaluation

- Given a set of vertices, perform 3-hop local traversal

SVQ HUAWEI




Experiments - 1

100 Cancurrent Queries, each executing 100 consecutive 3-hop traversals with random roots

Execution time (secggd
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100 Concurrent Querief§on Titan

Dataset: Orkut

Platform: Eywa vs Titan
Infrastructure: a single
machine

Test bench: local traversal
Concurrency: 100 queries
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Execution time (second)

Execution time (second)

Experiments - 2

100 Concurrent Queries, each executing 100 consecutive 3-hop traversals with random roots

0.3
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0.24
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K-hop Traversal Execution Time
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The first 50 Concurrent Queries on Titan

- Dataset: Orkut

- Platform: Eywa vs Titan

- Infrastructure: a single
machine

- Test bench: local traversal

- Concurrency: 100 queries
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Execution time (second)

Execution time (second)

Experiments - 3

1.2

0.8

0.6

0.4

0.2

Eywa VS. Titan (|V|: 3072441, |E|:117185083)

100 Concurrent Queries, each executing 100 consecutive 3-hop traversals with random roots
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- Eywa outperformed the
baseline method

- Eywa shows consistent
running time
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Experiment - 4
Eywa (|V]: 984,125,490, |E|:106,579,558,164)

100 Concurrent Queries, each executing consecutive 3-hop traversals with random roots

K-hop Traversal Execution Time
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100 Co_ urrent Queries

Dataset: Kronecker
Platform: Eywa
Infrastructure: 9 VMs

Test bench: local traversal
Concurrency: 100 queries
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Experiment - 5

- Consistent performance
Query num =100, Node num =9 observed across graphs of

different scales

o (sec)

100-million edges

u
.

» 1.8-billion edges
4 * 100-billion edges

3 .
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Experiment - 6

Number of concurrent queries: ®200 m100 =50 W20 w10

Friendster

L

Orkut

b

L L

Number of machines

Lk

- Consistent performance observed

across graphs of different scales

- Better overall throughput for higher

concurrency

- For bigger graph, the throughput

increases to some extend as the

number of VMSs increases

&2 Huawel



Experiment - 7

CPU Usage: fr]endSter - CPU usages seems not high

- Further concurrent queries can be
Number of concurrent queries— 200 100 50 supported

700 — 10 - Each query may incur multiple

threads (workers) for distributed
communication reasons, which

723 consumes little CPU resources, but
occupy a core (OS can swap them
150 out)
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