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G* is a dynamic graph database Analyzing evolving graphs enables
system with many features. applications in many areas.
« graph distribution « social media analysis

» multi-core scale up « network traffic threat assessment
» multi-server scale out - fraud detection

 deduplicated disk storage for « marketing
very large graphs * transportation

* in-memory compact indexing - epidemiology

 shared computation - pharmacology

 easy use of sophisticated parallel -+ ...and many other areas
graph-theoretic queries

* integrates with Relational
databases and other stores

&% National Science Foundation
‘N WHERE DISCOVERIES BEGIN




G* Studio Active Graph: 2.0 (/]

Graph Editor aaors- B | | Console Commanas - [

los aaa eage 43 116 G* Edge from 46 23 added
109 add edge 44 117 G* Edge from 47 23 added
110 add edge 45 118 G* Edge from 48 24 added
111 add edge 46 119 G* Edge from 49 24 added
112 add edge 47 120 G* Edge from 50 25 added
113 add edge 48 121 G* Edge from 51 25 added
114 add edge 49 122 G* Edge from 52 26 added
115 add edge 50 123 G* Edge from 53 26 added
116 add edge 51 124 G* Edge from 54 27 added
117 add edge 52 125 G* Edge from 55 to 27 added
118 add edge 53 126 G* Edge from 56 28 added
add edge 54 127 G* Edge from 57 to 28 added
add edge 55 128 G* Edge from 58 to 29 added
add edge 56 129 G* Edge from 59 29 added
add edge 57 130 G* Edge from 60 to 30 added
add edge 58 131 G* Edge from 61 to 30 added
add edge 59 132 G* Edge from 62 31 added
add edge 60 133 G* Edge from 63 31 added
add edge 61 134 G* Checkpoint succeeded.
add edge 62 135 G* draw
add edge 63 136 Drawing complete.
137 G* query topkdegrees 5
138 Drawing complete.
139 G*

Master @

/ N\

worker0 @ worker1 worker2 |

@ 192.168.1.131:2000

S R R R R R R R SRS OO SRY

Visualizer Data

2-hop neighbors of vertex 1: 2,3,4,5,6,7

3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15

top 5 vertices by total degree: 10,11,12,13,14
3-hop neighbors of vertex 3:
6,7,1,12,13,14,15,2,24,25,26,27,28,29,30,31,4,5
3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15




Graph Editor

Graph Editor Graphs - | £ ‘ ’ Console

130 Evolution ~
131 -- Evolution: 4 Incremental Graphs (with cloning)

132 create graph 10.0 Common~
133 add vertex 1 with attributes (color=black)

134 add vertex 2 with attributes (color=black) 8-vertex Full
135 add vertex 3 with attributes (color=black)
136 add edge 1-2

g; add edge 2-3 32-vertex Bipartite (16 pairs)

139 clone graph 11.0 from 10.0 63-vertex Tree (branch factor = 2)
140 add vertex a with attributes (color=white)

141 add vertex b with attributes (color=white) 64-vertex Star

142 add vertex c with attributes (color=white)
143 add edge 1-a

144 add edge 1-b Other~
145 add edge 1-c

146

147 clone graph 12.0 from 11.0

148 add vertex d with attributes (color=white)

149 add vertex e with attributes (color=white)

150 add vertex f with attributes (color=white)

151 add edge 2-d

152 add edae Z2-e

— Execute GSQL

32-vertex Ring

64-vertex 72-edge Erdos-Renyi Random




Interactive Console

Console

Graph 2.0 :
Vertices:
Edges
Graph 1.0 :
Vertices:
Edges
Graph 0.0 :
Vertices: 2
Edges 5
G* create graph 4
New graph 4.0 was created.
G* add vertex Kirk
Vertex Kirk added to graph 4.0.
G* add vertex Spock
Vertex Spock added to graph 4.0.
G* add vertex McCoy
Vertex McCoy added to graph 4.0.
G* add edge Kirk-Spock
Edge from Kirk to Spock added to graph 4.0.
G* add edge Kirk-McCoy
Edge from Kirk to McCoy added to graph 4.0.
G* draw
Drawing complete.
G*

Commands « g ‘ ’

Information ~

Queries ~

Degree Distribution
Top-k vertices by degree

Top-k vertices with the
largest change in degree
over consecutive graph
snapshot pairs




Visualizer and Data

Visualizer

Making Graphs

add graph <graph-id>

creates a graph with the given <graph-id>

clone graph <graph-id> from <graph-id>

creates a new graph as a clone of an existing graph
add vertex <vertex-id>[ with

attributes(<attributeName>=<attributeValue>[,])]
creates a vertex with id specified by <vertex-id> in

the active graph. Can optionally add attributes, with
one or more attribute pairs.

add edge <from-vertex-id>—<to-vertex-id>
creates an edge from <from-vertex-id> to <to-
vertex-id> in the active graph.

update <vertex-id> with
attributesi<attributeName>=<attributeValue>I.1

Data

3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15




Top-k Query

Visualizer

Data 8

top 5 vertices by total degree: 10,11,12,13,14
3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15

3-hop neighbors of vertex 10:
20,21,5,40,41,42,43,2,11,4,1,22,23




Erd6s-Rényi random graph Visualizer

Degree Distribution

Visualizer Data

20 degree distribution:
18 total_degree , count
16 0,8
14 , 11
12 , 21

, 13
10

, 6
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, 1
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Rising/Falling Stars Query

Data

top 20 vertices with the largest change in
degree over consecutive graph snapshot pairs
from 6 to 8:

shapshotPairs , vertexID , change

5->6 , 1, +3

6->7 +5

7->8 +3

5->6 0

5->6

6->7

6->7

6->7




query execution
network| Query plan Query
Optimizer Coordinator

Communication Layer

control
A4

< network e

4\/\ A AN
data: |control data” |control

Communication Layer Communication Layer

R

‘i’ A 4
Query Execution Engine Query Execution Engine

Graph Manager Graph Manager
Index Memory Buffer Index Memory Buffer
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Deduplicated Graph Distribution
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G*The amic
Graph Database

Parallel Graph Query Execution

(3/4,{G1}), (4/5{Ga}) query: average degree

average

(1,2{G1,G2}), (1,1,{G1,G2}), (2,0,{G1}), 3,1,{G2}) @
union e e e @
(1,2{G1,G2}) (1,1{G1,.G2) (2,04G 1), (3,1,{G2})) G g G ¢

| 2

count, sum count, sum count, sum

(2,2,{G1,G2}) (b,1,{G1,G2}) (c,0,{G1}), (d,0,{GI,G2}), (c, 1 ,{G2}), (e,0,{G2}),
degree degree degree

(2.+{G1.Ga)) (b, - {G1,G2)) (€ G, (d +{G1Ga). (e (G (e, +{Ga)
vertex vertex

0
{Gi} {G1,Gy} {G2,Gs} {Gs}

13
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{G1,G2,G3}




browser

API

servers

Implementation Overview

G* Studio

Graph Editor

105 aaa eage
109 add edge
110 add edge
111 add edge
112 add edge
113 add edge

114 add edge 49

115 add edge
116 add edge
117 add edge
118 add edge
119 add edge
120 add edge
121 add edge
122 add edge
123 add edge
124 add edge
125 add edge
126 add edge
127 add edge
128 add edge

arapns - [y Console Commands ~ [
": -t 116 G* Edge from 46 to 23 added to graph 2.0.
o 117 G* Edge from 47 to 23 added to graph 2.0.

118 G* Edge from 48 to 24 added to graph
119 G* Edge from 4
120 G+ Edge fros
121 G* Edge fros
122 G* Edge fros
123 G* Edge fros
124 G* Edge fros
125 G* Edge fros
126 G* Edge fros
127 G* Edge fros
128 G* Edge from 58 to 29 added to graph 2.0.
129 G* Edge from 59 to 29 added to graph 2.0.
130 G* Edge from 60 to 30 added to graph 2.0.
131 G* Edge from 61 to 30 added to graph
132 G* Edge from 62 to 31 added to graph
133 G* Edge from 63 to 31 added to graph
134 G* Checkpoint succeeded.

135 G* draw

136 Drawing complete.

137 G* query topkdegrees 5

138 Drawing complete.

1839 6

to 25 added to graph
to 25 added to graph
o 26 added to graph
to 26 added to graph 2

2.
2
2.
to 24 added to graph 2
2.
2
2.

0.

2
2.
2

2.

Help Servers Log
Master ¢
worker0 @ worker1 worker2

© 192.168.1.131:2000

Visualizer

oa-:rag

Data 8

2-hop neighbors of vertex 1: 2,3,4,5,6,7

3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15

top 5 vertices by total degree: 10,11,12,13,14
3-hop neighbors of vertex 3:
6,7,1,12,13,14,15,2,24,25,26,27,28,29,30,31,4,5
3-hop neighbors of vertex 1:
2,3,4,5,6,7,8,9,10,11,12,13,14,15

JSON

G* master

query execution

Query [network| Query plan

Query

Parser Optimizer] Coordinator
Communication Layer
control
< network
control data” |control
Communication Layer H Communication Layer

Query Execution Engine

Graph Manager

I Index II Memory Buffer I HA

\7=7

Query Execution Engine

Graph Manager

I Index ” Memory Buffer I HAl ...

)

-
o
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JavaScript

Bootstrap
jQuery
D3

Java
NanoHTTPD

Java
custom RMI, BSP, and messaging



Welcor

me

graphdb_alan.ipynb
Fle  E ew  Insert G Kernel  Help

B+ % @B 4+ Vv >EC

4 Cell Toolbar: | None

G* Playpen

‘A simple exploratory notebook that demonstrates the se of the G* A1 on AWS within a Jupyter based interactive notebook.

In [4]: import pandas as pd

Try it

Query a st of all graphs from the database,

4| Code Default: | Pytnon ¢

We can build other applications on top of the G* API.

* REST API Server version gs 063

Copyright (c) 2014.2015 Alan G. Labouseur. All Rights Reserved.

fHome

[Method « GET
JURI / AP command «

AP1 help

SELEITE [ection

et commandss GET (actica), POST [ecticn), FUT [ectica),

Your Custom Application
g

ot o s
DR o s
API REST JSON
G* master
3
S query execution
@ |query | Query |network| Query plan Query
‘S‘J Parser Optimizer| Coordinator
-
Communication Layer
control
network
servers — ;
data: |control data” |control
H Communication Layer H Communication Layer

Query Execution Engine

Graph Manager

I Index II Memory Buffer I HA

Query Execution Engine

Graph Manager

I Index ” Memory Buffer I

HA

L
S o cB
s S
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and IBM’s Knowledge Anyhow Workbench

Welcome graphdb_alan.ipynb
File Edit View Insert Cell Kerne Help
+ < @A B 4+ v » H C Makdown 4+ Cell Toolbar: None 4+ Code Default: Python %
*
G* Playpen

A simple exploratory notebook that demonstrates the use of the G* APl on AWS within a Jupyter based interactive notebook.
In [4]): import pandas as pd

Try it

Query a list of all graphs from the database.

In [5]): url="http://ec2-54-172-65-147.compute-1.amazonaws.com:8080/graphs"”
df = pd.read json(url)

df
Out[5]: edges | graph | vertices

074 7 83
1|11 6 12
2(10 5 11
3|5 4 6
4|2 3 3
5|28 2 8
6|2 1 4
71 0 2

REST JSON
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and the raw API

G* REST API Server version gs.0.63

Copyright (c) 2014-2015 Alan G. Labouseur. All Rights Reserved.

Home

Method = GET

URI / API command = /home

- API version

- current time and elapsed time since last call to time

- worker data

- short listing of all graphs

- longer listing for graph [gid]

- all vertices in graph [gid]

- all edges (with directional notes) in graph [gid]

- vertices and edges (with weights) in graph [gid]

- show the graph context (gid of graph currently in use)

- shutdown the G* workers and server. Be careful with this.
- force a checkpoint.

- distribution of total degrees in graph [gid]

- top [k] vertices in graph [gid] by total degree

- top [k] vertices with the largest change in degree over consecutive snapshot pairs

- create a new (empty) graph with id [new-gid]

- create a new graph with id [new-gid] as a clone of [old-gid]

- create a vertex [vid] in existing graph [gid]

- create an edge from vertex [vidFrom] to [vidTo] in existing graph [gid]

API help
API commands: GET [action], POST [action], PUT [action], DELETE [action]
+-- GET /ver[sion]

+-- GET /time

+-- GET /workers

+-- GET /graphs

+- GET /graphs/[gid]

+- GET /graphs/[gid]/vertices

+- GET /graphs/[gid]/edges

+- GET /graphs/[gid]/summary

+-- GET /currentgraph

+-- GET /shutdown

+-- GET /checkpoint

+-- GET /query/gsgl/degreedistribution/[gid]

+-- GET /query/gsql/topkdegrees/[gid]/[k]

+-- GET /query/gsqgl/topkdegreechangesbydelta/[start gid]/[stop gid]/[k]
+-- POST /graphs/[new-gid]

+-- POST /graphs/[new-gid]-[old-gid]

+-- POST /graphs/[gid]/vertices/[vid]

+-- POST /graphs/[gid]/edges/[vidFrom]-[vidTo]

+-- POST /currentgraph/[gid]

+-- POST /graphs/[gid]/vertices/[vid]/attr_type/attr_name/attr_value
+-- POST /graphs/[gid]/edges/[vidFrom]-[vidTo]/attr_type/attr name/attr_value
API Testers

GET [/
PoST /

- set the graph context (the
- add or update an attribute
- add or update an attribute

graph currently in use) to graph [gid]
for a vertex
for a edge

REST

JSON
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G* integrates with Relational databases.
Supports SQL to Graph and Graph to SQL transformations.

BIG* Data Studio Active Graph: 110 ©
Graph Editor swrs- @ | | Console commancs - @ | | SQL Editor aueres - (Y
R Help Servers Log
159 “’ €age pat. 438 G* Edge from pat.47 to dr.33 added to graph 1
140 add edge pat. 11.0. 2 Examples: rs/F nts Sample
141 add edge pat. 439 G* Edge from pat.49 to dr.33 added to graph 3 SELECT ‘'doctor' as doctor,
142 edge pat. 11.0. 4 d.did,
143 edge pat.2 440 G* Edge from pat.62 to dr.33 added to graph 5 ' {s treating ' AS is_treating, Console
144 edge pat. 11.0. 6 p.pid, 4
145 edge pat. sl G* Edge from 6 * for feeling ' i show tutorial i -
pat.56 to dr.38 added to graph 7 or feeling ' AS for_feeling ®
146 edge pat. 11.@.9 < 3 o ’ hides the log and shows the tutorial Microsoft
147 edge pat. 442 G* Edge from pat.48 to dr.39 added to graph 9 FROM testDoctors  d, hide tutorial .
148 edge pat. 11.0. 10 testPatients p, hides the tutorial and shows log e rve r
149 B 443 G* Edge from pat.50 to dr.39 added to graph 11 testTreatments t .
150 edge pat.4 11.0. 12 WHERE t.did - d.did ver{sion]
e Lo [ 444  G* Edge from pat.64 to dr.39 added to graph 13 AND t.pid = p.pid get the Studio and Database versions
:g; 9:99 DOZ-V 11.0. 14 ORDER BY did ASC, pid ASC time
edge pat. 445 G* Edge f at.52 to dr.42 added to h 15 secon psed
154 edge pat.4 1‘110.9 e i - grap 7 get the time, and on the d call, get the elaj
155 edge pat. 446 G* Edge from pat.55 to dr.47 added to graph time since previously called
156 edge pat. 11.0. credits
157 edge pat.s 447 G* Edge from pat.54 to dr.49 added to graph display the G-stars
158 edge pat. - 11.0
159 add edge pat. . 448 (,‘Acl;eckpoint succeeded i s
- i £ i Gt ORACLE
161 450 Drawing complete.
— Execute GSQL Lk — Execute SQL 74 rows returned.

Visualizer 888880 Data ag

oe® [7e
doctor 7 &d is_treating 7 pid for_feeling symptom
Q dr - pat
Q
@ O- o doctor 16 is treating 45 for fesling sick
O—e doctor 18 is treating 29 for feeling sick
@ 0
\ doctor 23 is treating 29 for fesiing sk
> 2
©
° o - o ]
é o G o
o
| ’ P L
A b . ostgreSQ
Q e
[ 20 oe «WOo0e- 0 e0 0e oe o)

REST JSON
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More integrations coming soon.

.Q IBM Bluemix™

= a[a]allf_rj

&
imshealth

N NETEZZA

API REST l T JSON

< ] G* master
»
S query execution
€« q uery_) Query [network| Query plan Query
‘&J Parser Optimizer, Coordinator
-
Communication Layer

control

servers <SR network

data; |control data'? control
H Communication Layer H Communication Layer
Query Execution Engine Query Execution Engine
Graph Manager Graph Manager
[ Index |[ Memory Buffer | HA I Index ” Memory Buffer I HAL ...
(5 &
N N
oS B
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The G* graph database: efficiently
managing large distributed dynamic graphs

Alan G. Labouseur, Jeremy Birnbaum,
Paul W. Olsen, Sean R. Spillane,
Jayadevan Vijayan, Jeong-Hyon Hwang
& Wook-Shin Han

I d :. 29TH IEEE INTERNATIONAL CONFERENCE ON
e DATA ENGINEERING

2 O] 3 BRISBANE, AUSTRALIA | APRIL 8-11, 2013

I/LDB 2013
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