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weight=0.4

l weight=0.2 l

created
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— each vertex has a unique identifier.
— each vertex has a set of in/out edges.
— each vertex has a collection of key-value

name=“]osh"
age 32

12 properties.

@ o —HIN(E 1EL)
"32:2? ] — each edge has a unique identifier.
age =35

— each edge has a head/tail vertex.

weight=1.0

created

name=
“ripple"
lang = “java”
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— each edge has a label denoting type of relationship
between two vertices.

— each edge has a collection of key-value properties.

https://github.com/tinkerpop/blueprints/wiki/Property-Graph-Model
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- BT SOL FEEERITERE, BINERSZA

SQL Graph Query (vs. PGQL Property Graphs) - ENIFESQLANE TR, H—EREFAEE
Aggregate Functions in SQL Graph Queries - 7EEISQL g N TR SITERE

Loading a Subgraph Using SQL Property - SOL BT EA B R E R

Graphs and support expanding subgraph
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Visualizing SQL Graph Queries Using the APEX . FEAPEXERERASOL E25iA)

Graph Visualization Plug-in
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Oracle Graph 2214

« In-memory graph server

(PGX)
o REDM
Graph Memory Analytics Apache o RIIRE TR
Parallel In-Memory Graph wn — 75
@ Analytics/Graph Query Spa rk 2 2
‘- (PGX) \ < o
- — r:'ql o « Property Graph Query
o o Language
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Java APIs / gq S «  SQL Graph: SQL-like
Graph Data Access Layer (DAL) o g ‘-<: ]9 ugry language to
cl 3 in |
. = = patterns in graphs
Blueprints & Lucene/SolrCloud ,°¢ .
@ « 60+ pre-built graph
algorithms for powerful
Java APIs/JDBC/SQL/PLSQL analytics
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GraphML
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Graph-SON - BRRIHA
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« Graph visualization
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BANK_ACCOUNTS ID
NAME
BALANCE

BANK_TRANSFERS TXN_ID
SRC_ACCT_ID
DST_ACCT_ID
DESCRIPTION
AMOUNT
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NUMBER
VARCHAR2
NUMBER

NUMBER
VARCHAR2
NUMBER
VARCHAR2
NUMBER
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SQL Graph DDL SYNTAX:

CREATE PROPERTY GRAPH bank_graph
VERTEX TABLES (
ACCOUNTS LABEL Account PROPERTIES (ID)
)
P EDGE TABLES (
BANK_TRANSFERS

-

KEY(TXN_ID)
SOURCE KEY (SRC_ACCT_ID) REFERENCES BANK_TRANSFERS
DESTINATION KEY ( TO_ACCT_ID ) REFERENCES BANK_TRANSFERS

LABEL Transfer PROPERTIES ( AMOUNT )
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Demo: R1TRRZEIE

fE5 ADMIN.BANK_ACCOUNTS

5| BB A R B AT 325 Tt Rz ERHEHE
- | ID NAME BALANCE FEB ADMIN.BANK_TRANSFERS
1 509 LANCE YEAKEL 166972.49 5 8B EA BIBSFAR 238 SR
LR 4 9 510 GLADIS TREVEY 115705.48 _— TXN_ID SRC_ACCT_ID DST_ACCT_ID DESCRIPTION AMOUNT
) 1 486 268 891 transfer 1185
iy 3 512 SHANICE VINTON 13380.44 HREE 487 269 775 transfer 2475
. 4 513 GRISELDA KUROHAT 119180.03 B |8 488 29 o19. transter el
éﬁ.r-l‘-i-%f% GitEE 4 489 269 759 transfer 6600
Tas
5 515 KIMBRA DING 135178.67 5 290 260 55 transier 1780
L2 516 SCOTTY GOFFREDQ 130302.93 MEE o 41 269 980 transfer 5503
FR LM 7 492 270 495 transfer 9638
AEE 7 518 TIESHA CACACE 74782
8 493 270 771 transfer 7353
HEER
8 519 WINFRED SOHN 64659.62 AR 9 494 270 469 transfer 2162
ﬁgﬁﬁ%\ aE 10 495 270 407 transfer 8054
9 520 RUSSELL RIVERA 37427.08
=2 1 496 270 724 transfer 6061
X 10 522 ANGEL SAKODA 64371.71 12 497 271 419 transfer 1426
| 1 523 ANNMARIE ESMAY 75395.04 2 498 271 593 transfer 5519
12 525 DARLEEN CASTEN 137771.46
13 527 PAGE WHETZELL 53297.24
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PROPERTY_NAME ET_NAME

BALANCE

ID

NAME
AMOUNT
DESCRIPTION
DST_ACCT_ID
SRC_ACCT_ID

TXN_ID

BANK_ACCOUNTS
BANK_ACCOUNTS
BANK_ACCOUNTS
BANK_TRANSFERS
BANK_TRANSFERS
BANK_TRANSFERS
BANK_TRANSFERS

BANK_TRANSFERS

ET_TYPE
VERTEX
VERTEX
VERTEX
EDGE
EDGE
EDGE
EDGE

EDGE

LABEL_NAME

BANK_ACCOUNTS
BANK_ACCOUNTS
BANK_ACCOUNTS
BANK_TRANSFERS
BANK_TRANSFERS
BANK_TRANSFERS
BANK_TRANSFERS

BANK_TRANSFERS

COLUMN_NAME
BALANCE

ID

NAME

AMOUNT
DESCRIPTION
DST_ACCT_ID
SRC_ACCT_ID

TXN_ID
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Java and Python API

* pagerank (<graph>)

* betweennessCentrality(<graph>)
* WhomToFollow (<vertex>)

Use analytics results in SQL Graph queries

* SELECT a.acct 1d, a.pagerank
FROM MATCH (a)
ORDER BY a.pagerank DESC
ON graph
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ORACLE Graph studio ® | R GRAPHUSER v
8 [ Learn > Bank_Graph @ > oow [~]B]b]o]
e (® & 2 56 B . Zeppeln 0 Default Template V4
%pgal-pgx [
SELECT *
from MATCH (n)-/:Transfers{1,6}/->(m) on bank_graph_and
6] WHERE n.acct_id = 934

‘ ‘ . ‘ LD o e . Exploration
o b ” s i . R - . . Modes
o : e . . . Legend
00 N R




HiffGraph El&UR - DthRERXS

Oracle i&i¥ SQL GRAPH Query EIENERIRE. ARSI CMXIEIZIREIIDHT
« SQL-like query language with the ability to specify graph patterns

[ EsimesSo =
1. HHENRHESHR108HS S e DI U TRANSEERE
a =87 39
SELECT acct_id, COUNT(1) AS Num_Transfers 2 Sae e
FROM graph_table ( BANK_GRAPH = =34 2=
MATCH (src) - [IS BANK_TRANSFERS] -> (dst) P 330 =0
COLUMNS ( dst.id AS acct_id ) z Ses =s
) GROUP BY acct_id ORDER BY Num_Transfers DESC = oze i
FETCH FIRST 100 ROWS ONLY; 11 === e
12 259 25
2. ZE3-SRENEIAKSHNS, BREERE, 10 = EeaaR - —
5 = G!ﬂ s soL b%ﬂ_?ﬂ@ﬁﬁﬁﬁ: 10, FAR 0.617 #»
{+ ACCOUNT_ID|Z NUM_CYCLES |
135 37
SELECT DISTINCT(account_id), COUNT(1) AS > 387 34
Num_Cycles 3 934 3@
FROM graph_table(BANK_GRAPH - o e
MATCH (v1)-[IS BANK_TRANSFERS]->{3, 5}(v1) 6 ass 27
COLUMNS (v1.id AS account_id) 7 559 25
) GROUP BY account_id ORDER BY Num_Cycles : — >
DESC FETCH FIRST 10 ROWS ONLY; 10 490 22
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&if] Graph B - 9t 2

= ZEifgaEege =
A B, ElR Bk soL | RENEYERAEYT: 10, FAET 0.267 #

1. BHHEEARRIEIAIRI10RIKS: B) ARERKB, BY

e . i+ ACCT _:_:;37 | NU M_IN_MIDDll:-}ES |
. . 2 934 195
SELECT acct_id, COUNT(1) AS Num_In_Middle 5 135 oo
FROM graph_table ( BANK_GRAPH 4 534 160
MATCH (src) - [IS BANK_TRANSFERS] -> (via) - 5 380 155
[IS BANK_TRANSFERS] -> (dst) 6 330 150
COLUMNS ( via.id AS acct_id) 7 406 140
) GROUP BY acct_id ORDER BY Num_In_Middle 8 746 140
DESC FETCH FIRST 10 ROWS ONLY; 9 920 130
10 352 130
2, 151, 2aUSBke IS8 TIEIRIKIRS: 387 iy
N :t ~ E ; i3 x )\/ M N : @ = =
z 2 2 P S L » e - ra
RREEA (1) , ABSIKESR (24R) , BESRKEAC (3% e W e L e
BEOXERIA, B, CIKS . + ACCOU NT_II;;I_? I ACCOUNT_lE:.?I
SELECT account_id1, account_id2 2 387 867
FROM graph_table(BANK_GRAPH 3 387 998
MATCH (v1)-[IS BANK_TRANSFERS]->{1,3}(v2) 4 387 188
WHERE v1.id = 387 > 23? 3;4
COLUMNS (v1.id AS account_id1, v2.id AS ° = 926
account_id2) ; iﬁ? 1:2
) 9 387 463
10 387 581
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Bl A& IR Graph Studio

Graph Studio f2{tfEBRARECIZERENTAES, FRAFBYFRENLNEEEEE MEREIE. EFEE. BotmilERRSS MNMEESHAT

- ERNECIETIERSIZE
¢ E?fmﬁidﬁfﬁ%ﬁgu *ﬁit Graph Studio

> Overview ! Graphs

° EI&E{J%:EE Property Graph ~ RDF Graph

91 Graphs

S — At fobe [ ies% Search.. 5 Grid <> Query
- BirEE

a1
Graph ¢ Description < Type ¢ InMemory < CreatedBy < Updated <

ezl 1% E Jobs
¢ gl:' *@}Jﬁm SH_PGVIEW_GRAPH % PG View ADMIN 7 days ago

O %%% % El\J %&;E;;T‘é{’ﬁﬁﬁ Summary  Preview  Properties  Source

= Sad s sl SH_PGVIEW_GRAPH g % 7 W
-« BETSRSRERIGLAEEE
ADMIN | 580 Vertices, 169429 Edges Vertex Tables (3)
® %ﬁ;&}i ET_TT*DAIDEX‘WJ"E_I Input Tables / Views (¢) O crannes (O propucts (O PROMOTIONS
B B

Edge Tables (3)

L] bnﬁ%ﬁ?&}i%qux Wﬁg |’%q:l [E8 ADMIN.CHANNEL_COSTS EE ADMIN.CHANNLES -5 PROM_COSTS - SALES -5 CHANNEL_COSTS

3 ADMIN.PRODUCTS = ADMIN.PROMOTIONS

- Eo5IERIMNREENEE
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-tRiEPangRank &%, IKHERHRZHIKS

Pgql-pgx
a.acct_id, a.pagerank pageRank
%py‘thl (a) bank_graph
PageRank
graph
analy

K B M mh ¥ ¥ & A

L

b { BMAMNERER

ACCTID ¢
Vertex

387

406

135

@34

397
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PAGERANK ¢

0.007302836252205922

0.006734430614559079

0.006725965475577351

0.006641340764834485

0.0057016075312134595




BFXFRBINEZE DA%

R EESIES S S BRI R IR RIR 1+

tarted > PQSQLSH1 @ >

> Query Create Graph

> S 2 < O B o

Q
=

c Type C InMemory O CreatedBy T Updated < 'r of sales in 1998 by channel x/
| match (s:PRODUCTS) - [e:PRD_CHANNEL_COSTS] —> (c:CHANNLES) on SH_PGVIEW_GRAPH
B PG View #in memory ADMIN 7 days ago id > 20
A [ = b~

Vertex Tables (3)
(O CHANNLES (O PRrODUCTS (O PROMOTIONS
Edge Tables (3) ~~--....-~'*"
L - PROM_COSTS - SALES - CHANNEL_COSTS
— TSR K« 23 4 .751 b M g o
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Pl Og1-poX

SELECT LABEL(v) as Vertex_Label, COUNT(v) as Number_of Vertices
FROM MATCH (v) ON SH_PGVIEW_GRAPH
GROUP BY Vertex_Label

SELECT LABEL(e) as Edge_Label, COUNT(e) as Number_of Edges
FROM MATCH ()-[e]->() ON SH_PGVIEW_GRAPH
GROUP BY Edge_Label

BMhEWEL”E & O MWD 24y BMLEWEALS: FOWEB 4

BANER BAER

VERTEX LABEL ¢ NUMBER_OF VERTICES O EDGE_LABEL NUMBER_OF EDGES ¢
PRODUCTS n PRD_CHANNEL_COSTS 8212

PROMOTIONS 303 PRO_CNEL SALES 5205

CHANNLES 5 PROM_PRD_COSTS 8212

=H

| LRIT (135£3 K «» ) N8ES

=H

PRI B13E 30 <m> ) HEES
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i#iZ Graph Studio EHifIEEIE - SIFRERS

HHES5 THAREMZLLTIKF 934 B4R BRI

pgql-pgx
v,e,v2
(a)-I ]—=>{5}(b) bank_graph
a.acct_id id(a) id(b)
K B B = b~
®
O
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(v,e,v2)

934

973

806 181
754

313
456 144

151
369

690 518 138
63

756

840
713 130 135

272
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i#B1d Graph Studio EiFEZUE - Kt
KR 034 BIOBKSE {58

>

pgql-pgx
vV,e,v2
(n)-1 1-=>{6}(m) bank_graph (v,e,v2)
n.acct_id
S B OB = 4
© ®
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i#iZ Graph Studio EHifIEEIE - SIFRERS

MEMTIKS BEEFERIKCKRR

pgql-pgx
v,e,v2
a.acct_id
K BB
@
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(a)-I ] (b) bank_graph (v,e,v2)
b.acct_id

N

o—

934 387

651 824




Oracle Graph{F=Zz—: EFARAEFNHITEITE - PGX

HFSQL Graph Table ElI&EZEINESITE

PgxGraph graph = session.readSubgraph ()
.fromPgSql ("STUDENT NETWORK")

.queryPgqgl ("MATCH (vl IS Person)-[e I.

.queryPgqgql ("MATCH (v:Person) WHERE 1id
.load ("student subgraph");

= session.readGraphByName ("STUDENT NETWC
on.optimizeFor (GraphOptimizedFor.READ) ;

24 Copyright © 2023, Oracle and/or its affiliates

Analytic
Request

actional
Request

Oracle Property Graph

(Oracle NoSQL Database, Apache HBase)




Oracle Graphi{g=2Z2—: 60+ Graph EI&

-

/
| Detecting Components and

Communities MM B AT X

Tarjan’s, Kosaraju'’s,
Weakly Connected
Components, Label
Propagation (w/
variants),
Spasification

Evaluating Community
Structures X451 347

Conductance,
Modularity
Clustering Coefficient
(Triangle Counting)

N

\

N/

\

I\
‘Y

Ranking and Walking H &

~

Pagerank, Personalized Pagerank,
Betwenness Centrality (w/ variants),

Closeness Centrality, Degree
Centrality,
Eigenvector Centrality, HITS,

Random walking and sampling (w/

variants)

// -

St

Path-Finding BRR &

* Hop-Distance (BFS)
Dijkstra’s,

/)

N

» Bi-directional Dijkstra’s

* Bellman-Ford’s

4

. y
a . N . . ™

Link Prediction Machine learning

S c
el o
] < . - J R - -

| /b e + Matrix Factorization b g b/. . ggg(\e/rg/;sed GraphWise
NG //" \\\7 ///
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The original graph

Left Set: “a,b,e” |a

PR
<<<<;I~Q‘

ZEHHEF (Renumbering)

964

Bod60

faift Graph




Oracle GraphiFsiZ=: SQL GraphiE{ERIZiF

=18 EIAIRAmberfYBAR

FROM myGraph
WHERE

SELECT v3.name, v3.age

(vl WITH name = ‘Amber’) -[:friendof]-> (v2)

(v3)

-

:Person{100}

:worksAt{1831}
startDate ='09/01/2015’

name = ‘Amber’ { V
age =25

:friendOf {2513}
since ='08/01/2014’

:Person{200}
name = ‘Paul’

Qge =30

friendOf{1173}

~

:Company{777}
name = ‘Oracle’
location =
‘Redwood City’

:Person{300}
name = ‘Heather’

age =27 /
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property graph
‘myGraph’

v3.age

v3.name
‘Heather’ 27




Recursive Path Query

PGQL vs. SQL
EMENEIS vs HRAEFIIEEXS!

El=igsQL

4 N

PATH connects_to
(to)
SELECT y.name
WHERE (x:Device) -/:connects_to*/-> (y:Device),
X.name = 'Regulator, HVMV_Sub_RegB'),
X =y

:= (from) <- (connector) ->

o J
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VS

BIIXERSQL

ITH temp(device_id, device_name) AS (
-- Anchor member:
SELECT device_id, name

FROM Devices
WHERE name = 'Regulator, HVMV_Sub_RegB°
UNION ALL

-- Recursive member:
SELECT Devices.device_id, Devices.name
FROM temp, Devices, Connections connl,
connections conn2, Connectors
WHERE temp.device_id = connl.to_device_id
AND connl.from_connector_id =
Connectors.connector_id
AND Connectors.connector_id =
conn2.from_connector_id
AND conn2.to_device_id =
Devices.device_id
AND temp.device_id != Devices.device_id)
CYCLE device_id SET cycle TO 1 DEFAULT O
SELECT DISTINCT device_name
FROM temp
WHERE cycle = 0
AND device_name !=
VMV_Sub_RegB'

'Regulator,
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5. Java/Groovy
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