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PGQL & Algo

7\ < load DDL
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PGQL
Graph Server (PGX)

PGQL

Oracle Database

5 Copyright © 2022, Oracle and/or its affiliates O



YENOR)

Copyright © 2022, Oracle and/or its affiliates

R Rty o

LER LA T BT R R

R LA Y R RN N

wEmmEa 0 Faananad ol B B EPER

 TIEEEIEETETFETE BN NN B

SEEE g 'E T LEET TR

caddd @ g BB @



Dataset I
Moviestream = — &t v k i SRS
5,119 EEZX

« 3,800 MR & A kL
« 006,117 L v 2 IILERE (BEHIMEZ L > XL LI-EH%)

hHELD]— o ayv X7 rA—Fk

« https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/workshop-attendee-
2?7p210 _workshop_id=889&p210_type=3
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Dataset e,

randl R SR g E T E L EE T TN

SELECT * FROM customer WHERE ROWNUM <= 5; tesdsngnntas
CUST _ID LAST_NAME FIRST_NAME EMAIL

1018668 Mccall Norris norris.mccall@oraclemail.com

1018680 Cole ERLE rene.cole@oraclemail.com

1018685 Ortega Phoebe phoebe.ortega@oraclemail.com
1018694 Harrington Beatriz  beatriz.harrington@oraclemail.com
1018702 Rosales Kelvin kelvin.rosales@oraclemail.com
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Dataset " Sy,

SELECT * FROM movie WHERE ROWNUM <= 5; tesdsegnten
MOVIE_ID TITLE YEAR

1070 El Mariachi 1992

1071 El Norte 1983

1072 El juego de Arcibel 2003

1073 El pasajero clandestino 1995

1074 El perro 2004
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Dataset e,

randl R SR g T T T LE R T o

SELECT * FROM rental WHERE ROWNUM <= 5; FETY YT

RENTAL_ID CUST_ID MOVIE_ID RENTAL_DATE

1000450 3023 19-07-02
1000450 3023 20-10-04
1000450 3024 20-12-14
1000450 3036 19-07-20
1000450 3036 20-04-14

U B WN B
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Create Graph

CREATE PROPERTY GRAPH graphl
VERTEX TABLES (
customer
KEY (cust_id) LABEL customer
PROPERTIES (cust_id, first_name, last_name, email)
, movie
KEY (movie_id) LABEL movie
PROPERTIES (movie_id, title, year)
)
EDGE TABLES (
rental
KEY (sales_id)
SOURCE KEY(cust_id) REFERENCES customer
DESTINATION KEY(movie_id) REFERENCES movie
LABEL rented PROPERTIES (day_id)

1kl Copyright © 2022, Oracle and/or its affiliates
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Query Graph +

 TIEEEIEETETFETE BN NN B

randl R SR g T T T LE R T o

__/'_ l\\\ caddd @ g BB @

SELECT LABEL(n), COUNT(n)
FROM MATCH (n) ON graphl
GROUP BY LABEL(n)

By
SELECT LABEL(e), COUNT(e)

FROM MATCH ()-[e]-() ON graph1l
GROUP BY LABEL(e)
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Query Graph +

 TIEEEIEETETFETE BN NN B

randl R SR g T T T LE R T o

__E/E%tay%@ IFEL I NT E N B
SELECT DISTINCT c.first_name, m.title

FROM MATCH (c)->(m) ON graph1l
LIMIT 5

-BEELHBEORFR (L2 LEZBR)
SELECT DISTINCT c.first_name, r.rental_date, m.title

FROM MATCH (c)-[r]->(m) ON graph1l
LIMIT 5
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Query Graph +

 TIEEEIEETETFETE BN NN B

randl R SR g T T T LE R T o

-- Ricky Rogers AM& Y 7= BR[H| e, TS

SELECT DISTINCT c.first_name, r.rental_date, m.title
FROM MATCH (c)-[r]->(m) ON graph1

WHERE c.first_name = 'Ricky"

AND c.last_name = 'Rogers’

LIMIT 5
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Query Graph +

ga A s 8 S gupuen® 8 &80

randl R SR g E T E L EE T TN

-- Ricky Rogers &R UBRE Z & Y 7= A tirassgsesms
SELECT cl.first_ name || "' || cl.last_name AS c1_name
, c2.first name || '"' || c2.last_name AS c2_name

, COUNT(DISTINCT m) AS cnt

FROM MATCH (c1)->(m)<-(c2) ON graphl
WHERE c1.first_name = 'Ricky’

AND cl.last_name = 'Rogers'

AND ALL_DIFFERENT(c1, c2)
GROUP BY c1, c2
ORDER BY cnt DESC
LIMIT 5
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Query Graph +

ga A s 8 S gupuen® 8 &80

randl R SR g E T E L EE T TN

== R|Cky Rogel’S t |E,I L:Hg%@%ﬁé: U f:Ab€Tjél: U 7—:1@@59%@ tasdpl ge BB mS
SELECT cl.first name || '' || cl.last_name AS c1_name
, m2.title

, COUNT(DISTINCT c2) AS cnt

FROM MATCH (c1)->(m1)<-(c2)->(m2) ON graph1l
WHERE c1.first_name = 'Ricky"

AND cl.last_name = 'Rogers'

AND ALL_DIFFERENT(c1, c2)

AND ALL DIFFERENT(m1, m2)
GROUP BY c1, m2
ORDER BY cnt DESC
LIMIT 10
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Query Graph +

ga A s 8 S gupuen® 8 &80

randl R SR g E T E L EE T TN

caddd @ g BB @

C1_NAME TITLE CNT

Ricky Rogers Avengers: Endgame 5048
Ricky Rogers Star Wars Episode IX: The Rise of Skywalker 4371
Ricky Rogers Captain Marvel 4258

Ricky Rogers Spider-Man: Far from Home 4251
Ricky Rogers Aladdin 3722

Ricky Rogers Aquaman 3475

Ricky Rogers Avengers: Infinity War 3347
Ricky Rogers The Lion King 3286

Ricky Rogers Black Panther 3110

Ricky Rogers Bohemian Rhapsody 2963

10 rows selected.
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Personalized PageRank (PPR)

 TIEEEIEETETFETE BN NN B

rdlill'l"-'--illji"ihi 'E T LEET TR

caddd @ g BB @

@ cust_17372

cust_14527
NOVELTY BI...

cust_12748
cust_14646

cust_17841 L N
cust_12353 @ cust_13804 cust_15023

@ CERAMIC CA... cust_16800

CERAMIC CA...
@ cust_16110
cust_15311

MINI CAKE ... cust_16332

cust_17576
cust_16750

cust_14159 @

cust_16573 cust_14769 MEDIUM CER..
cust_14895

cust_14961
cust_17426

cust_14156
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Personalized PageRank +

ga A s 8 S gupuen® 8 &80

randl R SR g T T T LE R T o

caddd @ g BB @

analyst.personalized_pagerank(graph?2, cust, rank="ppr")

SELECT m.movie_id, m.title, m.ppr
FROM MATCH (m) ON graph?2
WHERE LABEL(m) = 'MOVIE'
AND NOT EXISTS (
SELEGT*
FROM MATCH (c)-[:rented]->(m) ON graph2
WHERE c.first_name = 'Ricky'
AND c.last_name = 'Rogers’
)
ORDER BY m.ppr DESC
LIMIT 10
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+  TIEEEIEETETFETE BN NN B
“authOI’ItIeS” IFREL TN Y X NN W

o/

SALSA = Stochastic Approach for Link-Structure Analysis
e https://graal.ens-lyon.fr/~Imarchal/art-docs-0506/SALSA.pdf
o https://stanford.edu/~rezab/papers/wtf_overview.pdf

o/
& Zb5DT7—vay7 (Lab7) IZEFH%BH
Circle of Trust w * https://apexapps.oracle.com/pls/apex/dbpm/r/livelabs/works
of user | hop-attendee-27?p210_workshop_id=889&p210 type=3

users LHS follow
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Dataset I .
Cora 7—':\—&*[2 \‘/ l\ ra sl g BB mE
e 2708 2% (7 2D F By 7 12458)
« 5,429 5| HE%R
e HAHHBEIBAGENTWLANLESI D (0H 1)
https://lings.soe.ucsc.edu/data

SIAABERYCEENTWAEEL L, TDRBFEDO Iy 7 &2 FRTE S H
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Create Graph +

 TIEEEIEETETFETE BN NN B

randl R SR g T T T LE R T o

CREATE PROPERTY GRAPH cora resdsspnssms
VERTEX TABLES (
cora_content
KEY (id)
LABEL content
PROPERTIES ARE ALL COLUMNS
)
EDGE TABLES (
cora_cites
KEY (id)
SOURCE KEY(src) REFERENCES cora_content
DESTINATION KEY(dst) REFERENCES cora_content
LABEL cites
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Query Graph +

 TIEEEIEETETFETE BN NN B

randl R SR g T T T LE R T o

__/'_ l\\\ caddd @ g BB @

SELECT LABEL(n), COUNT(n)
FROM MATCH (n) ON cora
GROUP BY LABEL(n)

By
SELECT LABEL(e), COUNT(e)

FROM MATCH ()-[e]-() ON cora
GROUP BY LABEL(e)

Copyright © 2022, Oracle and/or its affiliates O



Query Graph

~FIL kEy s DREE|E

SELECT p1.topic, COUNT(ID(p1))
FROM MATCH (p1)->(p2) ON cora
WHERE p1l.topic = p2.topic
GROUP BY p1l.topic

LIMIT 5

-EhBrEyDEEEXFA

SELECT p1.topic, COUNT(ID(p1))
FROM MATCH (p1)->(p2) ON cora
WHERE p1l.topic = p2.topic
GROUP BY p1l.topic

LIMIT 5

25 Copyright © 2022, Oracle and/or its affiliates
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Label Propagation

 TIEEEIEETETFETE BN NN B

rdlill'l"-'--illji"i'i 'E T LEET TR

T -y iieeh & it e e e e i o PRI L

https://graph-algorithm-showcase.info/label-propagation.html

Copyright © 2022, Oracle and/or its affiliates O



R LA Y R RN N

Label Propagation +

 TIEEEIEETETFETE BN NN B

randl R SR g E T E L EE T TN

__T}I/:]\\U Z\\_Agﬂézjf—} casdsa g BB
analyst.communities_label propagation(graphl, label='community_id')
- FER DHERR

SELECT ID(v) AS id, v.topic, v.community_id
FROM MATCH (v)

LIMIT 5

| id | topic | community _id1 |

e A s =N +

| CORA_CONTENT(1133028) | Theory | 0 |

| CORA_CONTENT(578780) | Genetic_Algorithms | 1 |
| CORA_CONTENT(1110768) | Neural Networks | 2 |
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DeepWalk

 TIEEEIEETETFETE BN NN B

rdlill'l"-'--illji"i'i 'E T LEET TR

%/ —FDXR7 FILEKRIF (embedding) =3k 3 ieasssences

T

O (v,) D

(a) Random walk generation. (b) Representation mapping. (c) Hierarchical Softmax.

https://arxiv.org/pdf/1403.6652.pdf
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DeepWalk

model = analyst.deepwalk_builder(
window_size = 3,
walks_per_ vertex = 6,
walk_length =4,
num_epochs =10

)

model.fit(graph1l)

vertex_vectors =
model.trained_vectors

Copyright © 2022, Oracle and/or its affiliates



Graph Neural Networks

Hidden layer Hidden layer

caddd @ g BB @

http://tkipf.github.io/graph-convolutional-networks/
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Graph Neural Networks

P
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o
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g
ast®

1. Sample neighborhood 2. Aggregate feature information 3. Predict graph context and label
from neighbors using aggregated information

https://cs.stanford.edu/people/jure/pubs/graphsage-nips17.pdf
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Unsupervised GraphWise +

ga A s 8 S gupuen® 8 &80

randl R SR g T T T LE R T o

property_names = [] tisassgnmems

foriin range(900):
property _names.append("F" + str(i + 1))

model = analyst.unsupervised_graphwise_builder(
vertex_input_property _names = property _names)

model.fit(graph1l)

vertex_vectors = model.infer_embeddings(graph1, graphl.get_vertices())

Copyright © 2022, Oracle and/or its affiliates O
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@ Probabilistic_Methods

@ Neural Networks

® Case Based

® Genetic Algorithms

Reinforcement_Learnin

® Rule_Leamin:

® Theory

TR ETETE TN N N
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@ Probabilistic_ Methods

® Case Based

®  Genetic_Algorithms

®  Neural_Networks
Reinforcement_Leamnin

® Rule_Leaming

e Theory

ised GraphW
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Supervised GraphWise +

ga A s 8 S gupuen® 8 &80

randl R SR g T T T LE R T o

property_names = [] tisassgnmems

foriin range(900):
property _names.append("F" + str(i + 1))

params = dict(vertex_target_property_name = "TOPIC",
vertex_input_property _names = property _names)

model = analyst.supervised_graphwise builder(**params)
model.fit(graph1l)

vertex_vectors = model.infer_embeddings(graph1, graphl.get_vertices())
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Supervised GraphWise

 TIEEEIEETETFETE BN NN B

Rule_Learning
Rule_Leaming Neural_Networks
Neural_Networks . Case_Based
. Case_Based Genetic_Algorithms
without edges 3%~ with edges
gl VT Theory Reinforcement_Leaming
A Y Reinforcement _Learning [ ] Probabilistic_Methods
- ® Probabilistic Methods

.
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c IFEDRT— XD T T 75ERTHIENTES
« BFIC [BERME] 28T — XTI T 72 E>T-0WMFEENERTH S
R
 Qiita (H4A<3E&) https://qiita.com/tags/oraclegraph
e« Medium (323%&) https://medium.com/tag/oracle-graph

« Slack
 OracleDevRel (= invitation link, please visit #oracle-db-graph)
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https://join.slack.com/t/oracledevrel/shared_invite/zt-uffjmwh3-ksmv2ii9YxSkc6IpbokL1g
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 TIEEEIEETETFETE BN NN B

rdlill'l"-'--illj."ihi 'E T LEET TR

IFREL TN Y X NN W

Thank you
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