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什么是图数据模型

• 一组顶点 (或节点) 

– each vertex has a unique identifier.

– each vertex has a set of in/out edges.

– each vertex has a collection of key-value 
properties.

• 一组边(或 连线) 

– each edge has a unique identifier.

– each edge has a head/tail vertex.

– 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 6
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图分析的应用场景

Purchase Record

customer items

产品推荐 引领者识别

Communication Stream 

(e.g. tweets)

图形模式匹配社区发现

向有相似喜好的顾客推荐
相应的商品

寻找某网络里的中心人物
– e.g. 市场引领者

界定关系密切的人群– 
e.g. 定位消费群体

找到符合某种模式所有的
个体
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App Simple

Key Points
Oracle 
Database

 23c
23c Technical 
Architecture 

 下一个Long Term Release
 继续为on-premises和云端提供融合数据库创新
 带来了众多新功能，简化任何规模或重要性的数据驱动应用程

序的开发
 升级到19c, 为未来直接升级23c做好准备

值得关注的特性
• True Cache
• JSON Relational Duality (JSON关

系二元性）
• Up to 4096 Columns per Table
• Lock-free Column Value 

Reservations
• SQL Firewall
• ADG for PDB (DGPDB)
• In-Database Property Graph



Oracle Database Release 23c 对Graph 图数据的管理增强
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• 基于SQL 方式对图数据进行管理，更加简单易用SQL Property Graphs 

• 更加符合SQL的语法特点，进一步降低开发难度SQL Graph Query (vs. PGQL Property Graphs)

• 在图SQL 查询中增加了聚合计算函数Aggregate Functions in SQL Graph Queries

• 按SQL 方式过滤生成子图数据
Loading a Subgraph Using SQL Property 
Graphs and support expanding subgraph

• 数据库中的图数据的修改同步到PGX图内存分析引擎中Sync graph database update data to PGX

• 通过SQL Graph 方式快速查询和展示图数据
Using the Graph Visualization Application with

SQL Graph Queries 

• 在APEX中嵌入SQL 图查询
Visualizing SQL Graph Queries Using the APEX 

Graph Visualization Plug-in
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Oracle Graph 架构

GraphML 
GML
Graph-SON 
Flat Files

Graph Data Access Layer (DAL)

Graph Memory Analytics

Blueprints & Lucene/SolrCloud

R
E

S
T

/
W

e
b

 
S

e
rv

ice
/

N
o

te
b

o
o

k
s

Ja
v

a
, G

ro
o

v
y, P

y
th

o
n

, …

Java APIs

Java APIs/JDBC/SQL/PLSQL

Scalable and Persistent Storage Management

Parallel In-Memory Graph 
Analytics/Graph Query 

(PGX)

Oracle NoSQL 
Database

Oracle RDBMS Apache HBase

Apache 
Spark
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Oracle Graph 图创建：从关系表结构开始
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Table 名称 数据类型 约束

BANK_ACCOUNTS ID NUMBER PK

NAME VARCHAR2

BALANCE NUMBER

Table 名称 数据类型 约束

BANK_TRANSFERS TXN_ID NUMBER PK

SRC_ACCT_ID VARCHAR2 FK

DST_ACCT_ID NUMBER FK

DESCRIPTION VARCHAR2

AMOUNT NUMBER

建立图的基础表的要求

• 必须有PK

• 必要的FKSQL Graph DDL SYNTAX:

CREATE PROPERTY GRAPH bank_graph
  VERTEX TABLES (
    ACCOUNTS LABEL Account PROPERTIES ( ID )
  )
  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：银行交易数据
图数据
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建立图后系统会自动建立对应的图表结构

Oracle Graph 图模式：Internal表结构
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Table 作用

BANK_GRAPH_ELE_TABLE$ 图的元素记录

BANK_GRAPH_KEY$ 主键记录

BANK_GRAPH_LABAL$ 图的标签信息

BANK_GRAPH_PROPERTY$ 图的属性字段

BANK_GRAPH_SRC_DST_KEY$ 图的起点和终点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_id, a.pagerank

FROM MATCH(a)

ORDER BY a.pagerank DESC

ON graph

图数据的查询方式
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Visualize vertices with high pagerank values
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Oracle 通过 SQL GRAPH Query 查询语句快速、简单的方式完成对图数据的分析

• SQL-like query language with the ability to specify graph patterns

查询Graph 图数据 - 分析异常交易
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1、找出转入次数最多的前10名账号

SELECT acct_id, COUNT(1) AS Num_Transfers 
    FROM graph_table ( BANK_GRAPH 
        MATCH (src) - [IS BANK_TRANSFERS] -> (dst) 
        COLUMNS ( dst.id AS acct_id )
) GROUP BY acct_id ORDER BY Num_Transfers DESC 
FETCH FIRST 100 ROWS ONLY;

2、经过3-5次转账到本账号的账号，按次数降序，取10
行

SELECT DISTINCT(account_id), COUNT(1) AS 
Num_Cycles 
    FROM graph_table(BANK_GRAPH
        MATCH (v1)-[IS BANK_TRANSFERS]->{3, 5}(v1) 
        COLUMNS (v1.id AS account_id) 
    ) GROUP BY account_id ORDER BY Num_Cycles 
DESC FETCH FIRST 10 ROWS ONLY;
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查询 Graph 图数据 - 分析异常交易
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1、找出作为两级转账的前10名账号：即 A转账B，B转
账到C

SELECT acct_id, COUNT(1) AS Num_In_Middle 
    FROM graph_table ( BANK_GRAPH 
        MATCH (src) - [IS BANK_TRANSFERS] -> (via) - 
[IS BANK_TRANSFERS] -> (dst) 
        COLUMNS ( via.id AS acct_id )
    ) GROUP BY acct_id ORDER BY Num_In_Middle 
DESC FETCH FIRST 10 ROWS ONLY;
  

2、在1、2或3跳中从帐户387收到转账的帐户:  387 转
账给A（1级），A转账给B（2级），B转账给C（3级），
有多少这样的A、B、C账号

SELECT account_id1, account_id2 
    FROM graph_table(BANK_GRAPH
        MATCH (v1)-[IS BANK_TRANSFERS]->{1,3}(v2) 
        WHERE v1.id = 387 
        COLUMNS (v1.id AS account_id1, v2.id AS 
account_id2)
    );
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Graph Studio 提供简单的快速创建图模型的工具集合，使用户通过界面的方式管理图数据，如图的创建、图查询、图分析和图展现等各个操作图等环节

• 简单的图创建工作流引擎

• 基于现有表模式转换到图模式

• 图属性的管理

• 图标签管理

• 图结构预览

• 简单易用的图数据操作界面

• 基于实体关系表的方式访问图数据

• 图数据库展示和Apex协同

• 加载图数据库到PGX 内存引擎中

• 图分析引擎的环境管理和配置

图开发工具 Graph Studio
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-根据PangRank算法，找出连接数最多的账号

基于关系模型的图数据分析和开发
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-开发图数据就像普通的关系数据库表操作一样
基于关系模型的图数据分析和开发
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基于关系模型的图数据分析和开发
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找出参与了任何源自和终止于账户 934 的4次循环转账
通过 Graph Studio 查询图数据 - 分析异常交易
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找出账户 934 的6跳支付链
通过 Graph Studio 查询图数据 - 分析异常交易
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检查两个账号是否存在转账关系
通过 Graph Studio 查询图数据 - 分析异常交易
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基于SQL Graph Table 图加载到内存中计算

Oracle Graph特点之一：基于内存的并行图计算 - PGX

Oracle Property Graph
(Oracle NoSQL Database, Apache HBase)

PGX

Analytic
Request

Analytic
Request

Analytic
Request

Analytic
Request

Analytic
Request

Analytic
Request

Trans-
actional
Request
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Oracle Graph特点之二：60+ Graph 图算法支持
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• Tarjan’s, Kosaraju’s, 
• Weakly Connected 

Components, Label 
Propagation (w/ 
variants), 

• Spasification

• Pagerank, Personalized Pagerank,
• Betwenness Centrality (w/ variants),
• Closeness Centrality, Degree 

Centrality,
• Eigenvector Centrality, HITS,
• Random walking and sampling (w/ 

variants)

∑ ∑

• Conductance, 
Modularity

• Clustering Coefficient 
(Triangle Counting)

• Hop-Distance (BFS)
• Dijkstra’s, 
• Bi-directional Dijkstra’s 
• Bellman-Ford’s

Machine learning

• DeepWalk 
• Supervised GraphWise 

• Pg2Vec 
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• WTF (Who to follow)
• Minimum Spanning-Tree,
• Matrix Factorization
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Oracle Graph特点之三：SQL Graph操作的支持

SELECT v3.name, v3.age
FROM myGraph
WHERE
  (v1 WITH name = ‘Amber’) –[:friendOf]-> (v2) –[:knows]-> (v3) 

query

查询: 谁认识Amber的朋友

property graph 
‘myGraph’

v3.name v3.age

‘Heather’ 27

solutions

:Person{100}
name = ‘Amber’
age = 25

:Person{200}
name = ‘Paul’
age = 30

:Person{300}
name = ‘Heather’
age = 27

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

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

:friendOf{1173}
 

:knows{2200}

:friendOf {2513}
since = ’08/01/2014’ 

v2

v3

v4v1
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Recursive Path Query

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

图查询SQL

PGQL vs. SQL

图格式查询 vs 普通关系查询代码量区别

27

WITH 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 conn1,
         Connections conn2, Connectors
  WHERE  temp.device_id = conn1.to_device_id
    AND  conn1.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 0
SELECT DISTINCT device_name
FROM temp
WHERE cycle = 0
  AND device_name != 'Regulator, 
HVMV_Sub_RegB'

常规关系SQL

VS
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案例：某公安系统利用Oracle图数据库分析犯罪嫌疑人的行为
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利用图关系计算，快速分析制造业质量问题，比如 工人、车、质量之间的关系

案例：某车企利用Oracle图数据库分析发现生产质量和流程之间的关系，优化作业
调动
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案例：某金融机构利用利用Oracle图数据库分析金融欺诈监测
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