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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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Omaha Public Power, Reliant, Southern, US DoE, Western Power Corp, Severn Trent, Bejing Power, Georgia Power, Czech
Telem, Copenhagen Energy, Electrable, Gaz de France, Hydro-Quebec, Equitable Resources, Nova Naturgas, Sao Paulo
Electric, Xcel Energy, Pemex, Romande Energie, Societe du Canal de Provence, Burlington Hydro, Santos Oil and Gas,

AT&T, Bell South, British Telecom, Cingular, DoCoMo, Intrado, Nextel, Sprint, T-Mobile, Telkom, Telenor, Telstra, Telus,
Telia, Cellcom, Verizon, VIAG, Vodaphone, Wind, TurkCell, Geodan Mobile Solutions,

German Rail, Austrian Rail, California, lowa, Florida, Maine, Maryland, Minnesota, New York, Oklahoma, Pennsylvania,
Alabama, Alberta, London Rail, Netherlands Transport, Australia, CSX transport, COTRAL SpA, BRAVO, Dublin Bus,

Berlin, Dutch Police, New York City, Chicago, Los Angeles, San Jose, San Mateo, Washington DC, Cleveland, Detroit,
Phoenix, Winnipeg, Vancouver, Edmonton, Stockholm, Las Vegas, Sun Francisco MTA, Moscow, Beijing,Dongcheng , Hague,
Luton Borough Council, Ohaio, Hull, Nanjing Land Resource,

E]j:i-ﬂ_ﬁ@) THhEME & Ordnance Survey (UK, IR, NI), US Census, NIMA, USGS, US Army, Denmark, Sweden, The Netherlands, Poland, Australia,
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LocationBox (GeoMarketing SaaS), Geofusion(GeoMarketing SaaS), Unicoop Firenze (GeoMarketing), Oracle Real Estate,
ER{E3X Garmin, DigitalGlobe, Intermap Technologies, Where 2 get It, Oct telematics, Exor Corp, AngloGold Ashanti, Burger King,
kredi Kayit Burosu A.S. , Cleveland Clinic, Brazilian Superior Electoral Court, INFOTECH,

ORACLE

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 2 2




Spatial D177 Hh 2 D EE

BRI EOF—4ERET 3= OREITHZEDTT
— KD HZ(EIERFEFK). ZESDEE, BEOEEDRYATENOYET

- HEVSETEEOELZELSGHATA-HZ<DAMRNHYFET
- BRSO B IEHRELCERT ABRDEREICHE>TNET

» Oracle Spatial TI|#h 2 D 7 BE ERBY/BRRBIIZITOHEBEZ > T LY
HNDT, COEZEZHETEEYT

mena | men e [ares s oncesto |l
BRA BAAMER At RERE 4301 4301 ________(_)_
& 1OKY0 UTMEE4R % (51N-55N) 3092-3096 3092-3096 5982
THEEAEZR 30161-30179  30161-30179
FElA  BARIMR GRS1980 #EEfRE 4612 4612(8307) XBAREGTHIRAMMR, HRAMRO2ELH
S UTMEEZ R 3097-3101 3097-3101 . BIZREDAEIZCEH>TEISIZTF—ARENE
TEEAEER 2043-2461  2443-2461 PYET . ARIE. LBRHERNTK2F AL TLY
K HEMMAE  WGSsd  fRREREE 4326 4326 (8307) AAMARICHEYET
UTMEEAE R (51N-56N) 32651-32656  32651-32656

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 2 3




Spatial DI AlT:ENFR D B E

Wiz B AT L(LRS)
- AR DES L ELICEBE T —2DER/ EE=—XH

BEOTCULET

-------
"-

- — RGBT -2 R TIXER ISR EL THMSH,

SR YRS TLENVET
. GPSI3/$5 /35 EZI TRESNZ D TREDGPST—4

ASISEEZI DL B DM EEIY KK Ch—EHTY

— GPST—ARIIWMBLI-BMTA-TEET

« ASA I 07:59:52, 08:00:02, DEHIE, BEAIE 07:59:57, 07:59:07 DHIE...

* Oracle Spatial ClZ. ﬁﬁﬁ*ﬂﬁ’/xii\’&ﬁ-_&'@ﬁﬁfﬁ
BRELTEETE, LABADBELRBRTEET

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserve

d.

\
\,\\
el
---- Rt
s ‘
VY ;" f\
~ ]
I’ ~———’ 'l
» v
h¢ —
BRI HE

=208

B) # TV DISRA00E DEIRN S
20:38: 590)&%& %ﬂyumb

38089 333 53

33379 J (
33519 33507

B __33175.A003¢
33435%3%932135335850 (@) Qzﬁ

- NOa3a3s58
\_@3@44638071@ @
6

e

30640 33404
933353_@ 3329

3805 (@ 333

SO cakiy 38047(f)
Aelodrume, .
Balddnnel O§32 335 4

HEH S vl 3348

. 33415 33615 1,

A OQugg O Q)

~=" 38001 B

SELECT wvehicle id, o)
SDO LRS.GET NEXT SHAPE PT (
lrs, 1357040339500000)

FROM dublin Irs

24



in
S
3
i
S

Spatial DT FEFEE/MMEE

ALV IE — o
WESH, RESEE EEASE-1-2K . -
JTTDT—ARTY )
HE. RTROMEOHBOES Lo | B 4
BEERICIFVTADRELFT
RN OFETEEROMB TS TR SN/AN
CENTESFEFEA

 ECHDSTHEEADAT=ESI2T HIZIEHE
ELERTBEADHYET

. :@M_i’&DBWT%?ﬁ'Té:tb§T%$T Hi#8: Wikipedia: A JLV##H1E

ORACLE’

I

Copyright © 2016, Oracle and /or its affiliates. Al rights reserved . 2 5



Spatial and Graph D Z#3

Graph

ORACLE’

T

26



Spatial and Graph A7 73>

Oracle Database Enterprise Edition 12¢c R2

T

-

Spatial and Graph 73>

/ SpatlaM‘ﬁz BE

~

<))

/ Grapht#gE
4 SRS A /RDF I TA9D JO/NT4 T3

T—H-ETIL 7357

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

27



5352&1%

—hrENRERTRE

J57>Thl 2

M55 1557

F?), mmmia—H)—L4L

wngI 320073272

RR (ST RE)TLESTT BR+OR—-ETLEER ST

Oracle Databe... Oracle Database
39% 45.4%

SQL Server * Server
28%

i RN

4 : EIN RDB/DWH Tiig#E (RRBIS 12> AR5 ) 5: [EPY RDB/DWH SRR ( RERIS 12> X & Y—EXS%8)
B KRBT O SRFT LA UY—F 010 F 8 AFE ) & | H#E HAESHTU/ ST LA-UY—F 2010 FE 8 BHE) LD

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

28



535241%

HS52-5T 2

BEDESRDIT S
REBDEESEIRD

Cé g m OO
|57 BRT 57 B)

®
ORACI-E CCCCCCCCCCCCCC , Oracle and/or its affiliates. All rights reserved | 29




535241%

J 57 CBERZERBEL-HI

PESVTIS

2

T WO TF TR

D&HO>TLZREW

i X .
%
? b A E
7
A % -
[r— l % ¥
=1\ % .
¥
I ﬂ] I
¥ X
£ Uz |
1rN : | e
]
CHUCK KLOSTERMAN g + X _
ENFELES YN 2 %
<« —
HERER S £ #
g

AL TEE \
ZBaA—)Lmig =
LK. SERTE X FROTNERD
E%
EEED

GEN. JOHN ALLEN
P IH— A VR EXSESE

SHEZE®D

4 ‘ al - \ ‘\ S

HigL: RBA... CAE B RBASvo 4L ApiEEE

http://www.gizmodo.jp/2012/11/cia_3.html

ORACLE

7))
S
~

ANONYMOUS FBI AGENT

FBIEERBQ@ ¥ EE

. é
U—2 > \ !
DAVE REICHERT R

e 1oi1ﬁ
@ FEEETUY

=AY

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 30



535241%

BERIEZERER - =T 57155
mg:TechTarget Japan

H#: B3 E 1—242 ITPro

CNEFRTAY— | BEREET—J—F

BOSBAREERT. T—ILRT> - Hv
A ZIREHERFE LT S T DB

#Goldman SachsTld. BHEROISIMMTTSY FIA—AEIYT S F 2 AERERKICHE
TTTW3. FETRGHENRES SRS EHTE JIIMEERTGEE SN D.

D3I RER

2015/03/20

B Z-A8BRA ST — (HENEREE)

S8 BIEISEA ST O— 20145 688p.15
(ESERAEBOERCEIOTEN. BECHERSEST G TT)

[Micole Laskowski, TechTarget]

H e 4 ‘ 1 1 12 9
T L

I Moo #ESRACELIE
FacebookhNEXKRELETHED T35
F—ANR—Z] &E(3mEH?

19527 —8~R—2] [F6ROBIZDEIZES TREO DB ERULENT . 1
N—AfmEESTNEESRRACEIEBIESSD

» 2014£F08H118 158005 UPDATE

H{ BLIT Leaders

[Mike Mat

[REE]
@ 58 - ER S0XceonT -4 -ABEROBENEL

B QITtrFiUF s EEENR S TED ENRENE"
Tl ) [ ¢ o e

HElL/PDF W Y1—h 13
# FHEEOBEEA )L TE

20155F0H28H(A) #HEE (IT LeadersiBEED)

vy ik Qo] o

& Pocket - 22

& Pocket

ORACLE

T—EAZE B

ZBDBDA—I 27 —H RAEICEITRRRERIT swror  vorr =

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

Hagxs-cinzd,

—2-x BEI/K 2T
Ewvdr—&ErEEEZE RS Graph 500T
[R]1 BBUEN
2015/07/14
FNEE=-AEarF1—4% (BEREITB)

BE BN =
RETS

‘.t—f‘ 4 2 13 25

) o #5 | El7v77—2| [@rocket| W11

ZIF

IS JEmICETD< Wﬁ?—@%ﬁﬁﬁﬁ&’im(“ . B
DIEBEEZEHSES Database Watch (20155788 - H:.'ﬁ.@IT
LN B 95 IF—HNR—R(FEARBRICEANTNS ? (1/2)

BEEERERTIOAESENGSQL IF5 77 —45~—2] . BEOUL—I3hILF—E~—ATIHEEITLS
FHETIINAMASEESERFELLET Neod)] ZEHCBNULET.

[MLE=, @IT]

CEEHES | B v e © Pocket| | 104

L= BT E0EEE A —)LTEN (@ iE8 [Database Watch] DFEZ A —/LTiER

31



OraclehMigit 9 53D0MDI 57

ORACLE’

32



Network Data Model
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Graph Features - Network Data Model
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RDF Semantic Graph
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Graph Features - RDF Semantics Graph
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DB-Engines [Z1HE D ATV AR ELE

Complete trend, starting with January 2013 (BB http://db—engines.com/en/ranking_categories)
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tEx

empno job

1 7ILN—F R3S 1

2 INGRR— FEMEE 2

3 F %RE 3

4 TAT4R IVOZTF 2

FX— _

e if”

SELECT ename

FROM emp e, dept d 1 g
WHERE 5 P BE 2

e.deptno = d.deptno 3 Ry

AND d.loc = "Tokyo Tr—
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TONT AT 3716, EMNDERICKRTT HEMNTE,
ShIZ, VZ7RDERMGEIT)EEBTERRT HENTES

CET =

BRIR

from: 2013
1 belong to
ename: FJL/\—h <
Job: CES 2 l ‘, dname:
SELECT e.ename - ) loc:
WHERE % -
(e)-[belong_to]->(d) - 3
, d.loc = "Tokyo' —
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Oracle Labs(|H Sun Labs) /o OTN 54t A THE
- BMAFAIZTEEEADN., BETHRIECHEMNTEET,

| Parallel Graph Analytics (PGX)

4 OVERVIEW

PGX is a fast, parallel, in-memory graph analytic framework. Using PGX, the users can load up their
graphg into main-memaory, run various graph algorithms on them very efficiently, explore their results,
and export them back into the file system.

For more information see Project Site

4TEAM MEMBERS

11111117777,
AT T
1111177
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Z

* Neo4j Cypher [Z{lF=2 ) EEIPGQLJIZ&>TH S T7%SEEBOlgE
c 57N INF—UZFERMIZEEIRTES: (a)-[likes]—>(b)<-[likes]-(c)

B==

RN KY 2B T RYBEL IUFEILA—D D HIZHFLITLNVS

ETONYDARIEFEZ ., BETEIZZNA TS0

SELECT person.name, person.age

WHERE
(m WITH name='Mario’) -[WITH type='likes']-> (person),
(I WITH name="Luigl') -[WITH type='likes']-> (person),
person.age < m.age - 2

ORDER BY person.name

« IN\—232 09 DEFREIFCES
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G357 FT—BR—AN R 7
Graph Analysis — Do We Have to Reinvent the Wheel?

Adam Welc Raghavan Raman Zhe Wu
Oracle Labs Oracle Labs QOracle
adam.welc@oracle.com raghavan.raman@oracle.com alan.wu@oracle.com

Sungpack Hong Hassan Chafi Jay Banerjee
Oracle Labs Oracle Labs _ Oracle
sungpack.hong@oracle.com hassan.chafi@oracle.com jayanta.banerjee@oracle.com

ABSTRACT

The problem of efficiently analyzing graphs of various shapes
and sizes has been recently enjoying an increased level of at-
tention both in the academia and in the industry. This trend
prompted creation of specialized graph databases that have
been rapidly gaining popularity of late. In this paper we ar-
gue that there exist alternatives to graph databases, provid-
ing competitive or superior performance, that do not require
replacement of the entire existing storage infrastructure by
the companies wishing to deploy them.

ing or exceeding that of the dedicated graph databases. We
will also demonstrate that even larger performance advan-
tage over graph databases can be achieved using in-memory
graph analysis engines that can utilize relational database
as the storage solution.

One of the prime examples of the graph database tech-
nology which we use for a limited performance study pre-
sented in this paper is Neo4j [11], "The World’s Leading
Graph Database” ! - this claim backed up by a multitude
of customers [10] and descriptions of extremely favorable
comparisons with solutions based on the relational database

ORACLE
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(1. SEE. SYHLOEHEBEAT 0.

SFSOBRSIT)EEE IPGQAL) 2HHR—KLT
LV5 Oracle Labs @D PGX 1.2.1 ZFHULT
G509 WERBNALET, (PGX 1.2.1 (X
OTN &YA 2 O—Ka[gETI M. IR

\_ Cl& 12201 LOEHEILTEFEA,)

/2. SHIZ,. T —3R—X 12201 O7A/NT«-
FoIOMREEFESRIZ. EDLSIZTTT%
{ERk. T—R%BM. ¥ 57%PGX [cAO—F

L ITEMNZERAITLET,
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PGX Ot vyr+7v7 (Linux)

HThRD PGX release 1.2.1 ZbohnA oo O0—KLET
JDK7 (Fx#H(& 7u80) L b oA O A—KLET
J7A4IVERBRHELET

$ cd SHOME/pgx # CZIZT7AILEBLELET
$ unzip pgx-1.2.1-otn-linux-x86-64bit.zip -d pgx-1.2.1
$ tar xvzf jdk-7u80-linux-x64.g9z

RIEEMETA)TRAERTELET

$ export JAVA_ HOME=/home/oracle/pgx/jdk1.7.0_80
$ export PATH=$JAVA_HOME/bin:$PATH

$ export PGX_HOME=$HOME/pgx/pgx-1.2.1

$ alias pgx="$PGX_HOME/bin/pgx'

2% http://docs.oracle.com/cd/E56133_01/installation.html

ORACLE’
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PGX Ot vyr7v7 (Mac)

HThRD PGX release 1.2.1 ZbohnA oo O0—KLET
JDK7 (= #r(& 7u80) £ 66 O O—RLTAVRAM—ILLET
J7A4IVERBRHELET

$ cd SHOME/pgx # CZIZT7AILEBLELET
$ unzip pgx-1.2.1-otn-mac-x86-64bit.zip -d pgx-1.2.1

BEMETA)TRZETELET

$ export ¥
JAVA HOME-=/Library/Java/JavaVirtualMachines/jdk1.7.0_80.jdk/Contents/Home/
$ export PATH=$JAVA HOME/bin:$PATH
$ export PGX_HOME=$HOME/pgx/pgx-1.2.1
$ alias pgx="$PGX_HOME/bin/pgx'

=2 http://docs.oracle.com/cd/E56133 01/installation.html

ORACLE’
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PGX <)L DFCE)

PGXz)LZEELET

$ pgx

PgX>

PGX zILZEALAESE

pPgx> :exit

PGXVTILDIRANTIS—IRELRIFERN)—Z ) 7L TLFZ&0Y

pgx> :clear

ORACLE’
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PGXz)LZEELET

$ cd $PGX_HOME
$ pgx

SUTILDT—R2EFO—KLz&. 2TOIVvoHESHELET

G = session.readGraphWithProperties("examples/graphs/sample.adj.json")

G.queryPgql(" SELECT x.id(), y.id() WHERE (x)->(y) ").print()

x.1d() y.id()
333 128
128 1908
128 99
99 333

ORACLE
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* Marvel M3V (Z1Z
ZLDFX VT O3—h &5

c SH[Z. E—A—EAEFTH-THEE
B>l fhDaSvoIZRIEHEE
ITHCENZLRBHD

c ZLTHYII3—DHES
FS5IZLTERT S

3¢ H B http://www.oracle.com/us/theavengers
/avengers—main—body—1571184.html

(BB Y 70— RTEFEY)
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Exposedata.com (http://exposedata.com/marvel/) DI T -FT—hATD
[Hero Social Network Data |[DNSCSVT—3ZF AFLET

ZDT—RE. XFVYI93—%/—FELT.aAZVIDRICEIZEG LTINS
FvSP3—RIETEHOIRUYTHIZLI-ZIZITDHDTY

$ more hero-network.csv

"IRON MAN/TONY STARK ","CHAIN"

"IRON MAN/TONY STARK ""SPIDER-WOMAN [1/JULI"
"IRON MAN/TONY STARK ""CARPENTER, RACHEL"
"CARPENTER, RACHEL","CHAIN"

"CARPENTER, RACHEL","SPIDER-WOMAN II/JULI"

ORACLE
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JZ708a—k

J5700—FD=-HO1EHREISONTRBLET

$ vi hero-network.csv.json

{

"ur": "hero-network.csv"
, "format": "edge_list"
, 'node_id_type": "string"
, 'separator”; ","

}

PGXL I LD T77A4ILEIBEL T 50%0—FLET
(EMITZ7ELTHEHAHIAATLNEY)

$ pgx

G = session.readGraphWithProperties("hero/hero-network.csv.json").undirect()

ORACLE’
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X305 —(/—R)ERTRLET

G.queryPgqgl(" SELECT x WHERE (x) ").print()

XS0 —(/—F)DHERTRLET

G.queryPgqgl(" SELECT x WHERE (x) ").getNumResults()

==> 6426

—HICEIGIT XN IVE— D (T DEZTRRLET

G.queryPggl(" SELECT x, y WHERE (x)->(y) ").getNumResults()

==> 792314

ORACLE’
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O—kL=Y I EEELET

G = G.simplify( ¥
MultiEdges. REMOVE_MULTI_EDGES ¥ #EL2DM/—RERSERDIVCERE
, SelfEdges. REMOVE_SELF_EDGES ¥ #IRRERANEL/—FDITYSERE
, TrivialVertices. REMOVE_TRIVIAL_VERTICES ¥ # TySHEBERN/—RERE
, Mode.CREATE_COPY ¥ # NERICT ZT7DE—E1ERK
| null ¥ #9257% (%)

—HICEIGIT XN IVE— D (T DEZTRRLET

G.queryPggl(" SELECT x, y WHERE (x)->(y) ").getNumResults()

==> 334414

ORACLE’
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SRENEDEST

PGALIZZRE NI (NF—2 -y F ) IZEFITY

[ FPATUORVERINAT —TEDILTF7)OoDETE
— I BBLECEOH DT vTIF—I1E? ]

G.queryPgqgl(" ¥
SELECT x ¥
WHERE ¥
(¥)--(a @'IRON MAN/TONY STARK ") ¥
, (X)--(b @'SPIDER-MAN/PETER PAR') ¥
, (X)--(c @'WOLVERINE/LOGAN ") ¥

").print()

ORACLE’
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SIBARIIEDELT

EROHEHNZLNOT, —E BRT ZERIELTHEERATT

Result = G.queryPgql(" ¥
SELECT x ¥
WHERE ¥
(x)--(a @'IRON MAN/TONY STARK ') ¥
, (X)--(b @'SPIDER-MAN/PETER PAR') ¥
, (X)--(c @'WOLVERINE/LOGAN ") ¥

")

Result.getNumResults()

==> 504

10FZ(TRTHFET

Result.print(5)

ORACLE’
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EENIEORET

F9 &/ —FORBPIDEZRKDET

analyst.inDegreeCentrality(G)

==> Vertex Property named 'in_degree' of type integer belonging to graph ..

SIBELT. V7 (GQ)MESNTVFET GEZF/—FDOH N, TVDHZ E &LI-E

EETEEZE N ITIKEFLTEMT 5= O (N) ITIEYFERT , sFMIE) 7L AIZEE S

"1 L

in_degree: 3

SNTULET,
§+§éhf:xj7(i%/—l*® Iron
J0O/\T4 in_degree 2SN T T ma =

ORACLE’
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SEERAIE D ELT

HEHREEZS BT A-01Z1F. PGALEFELVET

G.queryPgql(" ¥
SELECT n, n.in_degree WHERE (n) ¥
ORDER BY n.in_degree DESC ¥

").print(5)

SADEELGXVvIII—MIFonE L !

n n.degree

PgxVertex with ID CAPTAIN AMERICA 1906
PgxVertex with ID SPIDER-MAN/PETER PAR 1737
PgxVertex with ID IRON MAN/TONY STARK 1522
PgxVertex with ID THING/BENJAMIN J. GR 1416
PgxVertex with ID MR. FANTASTIC/REED R 1379

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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EENIEORET

RIZ. K/ —FDR=FDFRDFET

analyst.pagerank(G, 0.0001, 0.85, 100)

==> Vertex Property named 'pagerank’ of type double belonging to graph ..

BIEELT. T3 G BLUIDDNTA—F (FRINIHRKRIT—E. ZEVT -
2703 — STEDORERH) NEINTWET, STEZIERERIEE k £LT O (k*E)
[C/RYET, EEMIT) DL RIZEEH SN TLNET,

E‘l’ﬁéhf:x:?[i%/_l\\@ Ironman
7o|:|/€7_"f pagerank (:%ﬁﬁéhi-ﬁ_ o pagerank: 0.0041204

ORACLE’
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SEERAIE D ELT

HEHREEZS BT A-01Z1F. PGALEFELVET

G.queryPgql(" ¥
SELECT n, n.pagerank WHERE (n) ¥
ORDER BY n.pagerank DESC ¥

").print(5)

ANAF =N 1LIZIEYFRLE !

n n.pagerank

PgxVertex with ID SPIDER-MAN/PETER PAR 0.005295697226042497
PgxVertex with ID CAPTAIN AMERICA 0.005125996140362315
PgxVertex with ID IRON MAN/TONY STARK 0.0041204415753377755
PgxVertex with ID WOLVERINE/LOGAN 0.0038669573843525297
PgxVertex with ID THING/BENJAMIN J. GR 0.00368240604720028

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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RFRIC. &/ —FDENFIVELKOTHEYT

analyst.vertexBetweennessCentrality(G)

==> Vertex Property named 'betweenness' of type double belonging to graph ..

EABPDEIE, ETCOEARDOREREOPRTZEOIEANEIR EICWWSEIE%E
AaA7ELTOWET ENFIODEDETEEZ(L O (NX¥E) THY . R—USVIDEHE=O
(K*E) attixtxc-ﬂ%i:lzlvb\.—& POEITHREINARDMYET,

EEMIX) D7 RIZEBEINTLNVET,

AFRESNERATIESE/—FD

winy; \T 4 betweenness 2SN FET Ironman pagerank: 0.0072942

<| betweenness: 1536742
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SEERAIE D ELT

HEHREEZS BT A-01Z1F. PGALEFELVET

G.queryPgql(" ¥
SELECT n, n.betweenness WHERE (n) ¥
ORDER BY n.betweenness DESC ¥

").print(5)

MTAETER=DSUOEBIER N —BLTOET

n n.betweenness
PgxVertex with ID SPIDER-MAN/PETER PAR 3035278.742514678
PgxVertex with ID CAPTAIN AMERICA 2351348.199987796
PgxVertex with ID IRON MAN/TONY STARK 1536742.6554027186
PgxVertex with ID WOLVERINE/LOGAN 1473595.2238889225
PgxVertex with ID HAVOK/ALEX SUMMERS 1471842.538198292

ORACLE’
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%EIHIE\ tjﬁﬁﬁ:d){:r 7 1.

BARENEOBR(CETRER=ISVIDRIT7) =S BB NE (N\NF— 79Ty
TYDXRMBEELTEDEEFEZTLESIDHAPGALDEF A EZS !

R DRREZCDIICEEBLTHET

[ FATUORVERINABE —RIEDILTF7) o DETE—FEIZEIBLI-CE
DHABDXTNTII—DOHVAFT—IiFT5vT7305—IF 7]

Result = G.queryPgql(" ¥
SELECT x, x.pagerank ¥
WHERE ¥

(xX)--(a @'IRON MAN/TONY STARK ") ¥
, (X)--(b @'SPIDER-MAN/PETER PAR') ¥
, (X)--(c @'WOLVERINE/LOGAN ') ¥
ORDER BY x.pagerank ASC ¥

)

ORACLE’
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CHELMMNRAFT—1EFvSI3—108TT

Result.print(10)

X X.pagerank

PgxVertex with ID TYCHO 5.611553899059807E-5
PgxVertex with ID ISBISA/DR. SANDERSON 7.622033978468879E-5
PgxVertex with ID MASON, WANDA 9.521036405479172E-5
PgxVertex with ID STORM, CHILI 1.087940205195763E-4
PgxVertex with ID MAGNUM, MOSES 1.0989429673080101E-4
PgxVertex with ID CAT MAN/HORGAN 1.2068124498045668E-4
PgxVertex with ID BIRD MAN/HENRY HAWK 1.2068124498045668E-4
PgxVertex with ID TERRAXIA 1.2137478460591338E-4
PgxVertex with ID RAZORFIST Il 1.23495696066652E-4

PgxVertex with ID SVAROG 1.2727748790164624E-4

ORACLE’
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IZEZDIIEIT)EE(TENTEET

(KO3 —A RN\ RERBEL VA FT—LEX T3 —
DHRT ANAF—TUNDEEFT v HI—LHEE
LI-CEDBHAHTvTI7—IF? ]

G.queryPgqgl(" ¥
SELECT x, h ¥
WHERE ¥
(0 @'DR. OCTOPUS/OTTO OCT")--(x)--(h WITH id()!='"SPIDER-MAN/PETER PAR') ¥
, X.pagerank < 0.0001 ¥
, h.pagerank > 0.003 ¥

").print(5)

PgxVertex with ID PARKER, MARY PgxVertex with ID MR. FANTASTIC/REED R

ORACLE’
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BUINDEDRIRT—ITHNIE-

(22 /\08 A.B.C DETEHEERNHAIIVINIED> L4y T—0
FOEEZEENMENINOE @AV T—ILOEZEMDRIEEELRHS) (X2 |

Res = G.queryPggl(" ¥

SELECT X, X.pagerank ¥

WHERE ¥

(xX)--(a @'Protein A'") ¥

, (X)--(b @'Protein B') ¥

, (X)--(c @'Protein C') ¥

ORDER BY x.betweenness ASC ¥
")

P X N LA 000129 ()
A Y\

B C

3¢ H B8 : STRING Database (http://string—db.org/)
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F—5DAF

BRT —%.jp Mo, BRT —5 . IR T —%2. BT —3EAFLFET,

BT —A&E/ —FEZDTORTATY HGRT—2E Ty o T,
station_cd,station_g_cd,station_name, .. line_cd,station_cdl,station_cd?2
1110101,1110101, K €8, .. 1002,100201,100202
1110102,1110102, A #E %6, .. 1002,100202,100203
1110103,1110103,f54&, .. 1002,100203,100204

BT —ARITyvoOTO/INTATY,

line_cd,company_cd,line_name,line_name_Kk, ..
1001,3, M REEBHRE, F o949 v hUEY, .
10023, KB EMEFR, boASA O VhotY, .
10034, lUBEHFEsR, o Iavvhot, .

ORACLE’
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T—3NDINIT

T —#%% Edge List X IZMITLET,

$sort-t') -k 1 station20160401free.csv > station.csv
$sort-t') -k 1 1ine20160402free.csv > line.csv
$sort-t',' -k 2 join20160401.csv > join0l.csv
$ join -t '," join01.csv station.csv-12-21-01.1,2.2,1.3 > join02.csv
$ sort -t',' -k 3 join02.csv > join03.csv
$join -t '," join03.csv station.csv-13-21-01.1,1.2,2.2 > join04.csv
$sort -t',' -k 1 join04.csv > join05.csv
$ join -t '," join05.csv line.csv-11-21 -0 2.3,1.2,1.3 > join06.csv
$ cat station20160401free.csv | ¥
awk -v FS="" -v OFS="¥t" {if (NR != 1) print $2, "*", $1, $3}' >> rail.tsv
$ cat join06.csv | ¥
awk -v FS="," -v OFS="¥t' {print $2, $3, $1, "1"}' >> rail.tsv
$ cat join06.csv | ¥
awk -v FS='," -v OFS="¥t' {print $3, $2, $1, "1"}' >> rail.tsv

ORACLE’
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JZ270A—F

$ vi rail.tsv.json

{

"uri": "rail.tsv"
, "format": "edge_list"
, "'node_id_type": "integer"
, "vertex_props":|
{"name":"cd", "type":"integer"}
, {"name":"name", "type":"string"}
]
, "edge_props":|
{"name":"name", "type":"string"}
, {"name":"score", "type":"double"}

]

, 'separator”; "¥t"

}

FS57NA—KDT-DIEHREJISONTERRLET

ORACLE
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SIBARIIEDELT

PGXLTIVERE. V57 (BRI I7DFEF)A—FLET

G = session.readGraphWithProperties("rail/rail.tsv.json")

SRR D E75Y D AR E B #R

G.queryPgql(" ¥
SELECT x.name, r.name, y.name WHERE (x)-[r]->(y), x.name="9}3ER/i" ¥
").print()

MNBEHIM S IV TDER

G.queryPgql(" ¥
SELECT y.name, COUNT(*) AS cnt WHERE (x)-->()-->()-->(y), X.name="4}Z g ¥
GROUP BY y.name ORDER BY cnt DESC ¥

").print()

ORACLE’
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SEHEDOSUERIE?

himli

ZERDOREPIDE. R=230 0 A PIDELROTHFET
S ELTVATYOZHIBRLET

limli

RILIREL T, V50Z M T 712 E k.

G = G.undirect() -
G = G.simplify( ¥ :
MultiEdges.REMOVE_MULTI_EDGES ¥
, SelfEdges.REMOVE_SELF_EDGES ¥
, TrivialVertices. REMOVE_TRIVIAL_VERTICES ¥
, Mode.CREATE_COPY ¥ Vo I ———_
)

.1
M-;' l

analyst.inDegreeCentrality(G)
analyst.pagerank(G, 0.0001, 0.85, 100)
analyst.vertexBetweennessCentrality(G)

ORACLE’

X HE (5S4t X CC BY-SA 4.0) https://ja.wikipedia.org/wiki/ #7118 ER#/media/File:JR_Shinjuku_Miraina_TowerB.JPG
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FEEOSUERIT?

REHPIDEDESWERZSHRLET

G.queryPgql(" ¥
SELECT n.name, n.in_degree ¥
WHERE (n) ORDER BY n.in_degree DESC ¥
").print(10)
n.name n.in_degree
i 14
hiE 13
PUE"S 13
FatgH 12
BRI 11
an)ll 11
FE 11

X H B (5S4t X: CC BY 3.0) https://ja.wikipedia.org/wiki/ 18 ;EER#/media/File: A& ;EER 78 0 A ERZ jpg

ORACLE’
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SEHEDOSUERIE?

himli

R—=US)DEWERESRELET

G.queryPgql(" ¥

SELECT n.name, n.pagerank ¥

WHERE (n) ORDER BY n.pagerank DESC ¥
").print(10)

n.name n.pagerank
P 4.998829866307869E-4

PULE"S 4.524787953714231E-4

#1E 4.2281017462182717E-4 rrEapmEe |

ZHE 4.0836351929643747E-4 | _,_.,.. ,
FE 4.02124738212239E-4 s A—— -_-j*--" St )
FaiEHE 3.806052920801182E-4 i b i L::;\-( TFE
== 3.619438799574944E-4 = LXR

X HEL (G4t X CC BY-SA 3.0) https://ja.wikipedia.org/wiki/ 11 %2 &ER#/media/File:lkebukuro_station west 2012.JPG

ORACLE’
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himli
| TL]

SEEDSLERIE?

AR EOEWERZSRELET

G.queryPgql(" ¥

SELECT n.name, n.betweenness ¥

WHERE (n) ORDER BY n.betweenness DESC ¥
").print(10)

n.name n.betweenness

18R 3.505639812591153E7
B 3.441832486187564E7
Z8R 3.441294421393956E7

Tk Th 3.434899486187558E7
IR 3.434670986187557E7
ZF 3.434449686187557E7
2400 3.4342324861875564E7

ORACLE
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AR RLIB O RT (RER)

1<

5520%(EmIS7TC)BEO—KLET

G = session.readGraphWithProperties("rail/rail.tsv.json")

HFELENBEDERD /—RIDEZHEZRLTHEET

G.queryPgql(" SELECT x.id() WHERE (x), x.name="4}3z 8" ").print()
G.queryPggl(" SELECT x.id() WHERE (x), x.name="#7X}x"' ").print()
G.queryPggl(" SELECT x.id() WHERE (x), x.name="EI&" ").print()

ed. | 92
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RERBOFTR

IyoNAA7 (SEIZEBLEEDT—INEN=HET1 LLTWWEDF
BELTEF MR ETHRERBEZHELET . STE =L O(N log(N) TY,

nodel = G.getVertex(2800117)

node2 = G.getVertex(1160213)

score = G.getEdgeProperty("score")

Path = analyst.shortestPathDijkstra(G, nodel, node2, score)

RETCRRYI TEETEINNOMET,

Path.getPathLengthWithHop()

AR EDIREHERE T HENTEFY,

Path.getVertices()

ORACLE
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T—AIR—=X (I SNT=T 5T - T—2& 7T

4, )‘:E')J:'C*’\°—°)5‘/77°d?
£07 IR LER
Saaplag JSIRDEEMRL
N T—3E8INT D, bV

Yo ET—2R—

ATEEINS
Java APl Z{# FH

PGX Shell £

3. PGX Shell hoT—%4

N—R[ZHEfL, T—5% SE)TF—AF K[ B
557I-RET 5 RS T LN BTt
PGX Shell Z{#FH Database 12.2 SQL #ERALTHE%®S

Spatial and Graph Option B9 H5_&bAEE

SQL ZfEH

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 95
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Property Graph Z{# 2718 D Z%E (&

#EI{E /NS A—A (max_string size) DEH
sqlplus / as sysdba

SQL> SHOW PARAMETER max_string_size

.. STANDARD

SQL>ALTER SYSTEM SET max_string_size="EXTENDED' scope=spfile;
SQL> SHUTDOWN IMMEDIATE

SQL> STARTUP UPGRADE

SQL> @7?/rdbms/admin/utl32k.sql

SQL> SHUTDOWN IMMEDIATE

SQL> STARTUP

ZZ) 2.3 Property Graph Schema Objects for Oracle Database

* In addition, the V column has a size of 15000, which requires the enabling of 32K VARCHAR (MAX_STRING SIZE =
EXTENDED).

ORACLE

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. | 9 6


http://st-doc.us.oracle.com/id_common/review/docbuilder/html/E75735_01/using-property-graphs-oracle-database.htm
http://st-doc.us.oracle.com/id_common/review/docbuilder/html/E75735_01/using-property-graphs-oracle-database.htm
http://st-doc.us.oracle.com/id_common/review/docbuilder/html/E75735_01/using-property-graphs-oracle-database.htm
http://st-doc.us.oracle.com/id_common/review/docbuilder/html/E75735_01/using-property-graphs-oracle-database.htm

Property Graph Z{27=60 D #E

TFT—AR—RAHEFRADRI) T E=ETLET,

cd $ORACLE_HOME/md/admin
sqlplus / as sysdba

@catopg.sql

T—AR—R([Z— {2 —HF—%#ERHLET,

GRANT connect, resource TO opg_user,
CONNECT opg_user/oracle;

CREATE USER opg_user IDENTIFIED BY oracle;

ORACLE’
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Property Graph Z{27=60 D #E

PGX Shell Z{EHT5=8IZ pgx AT URIZEITIEREZE S5 2T

cd $SORACLE_HOME/md/property _graph/pgx/bin
chmod +x pgx

PgX

JAVA DNNREEHRTFLET,

export JAVA_ HOME=${ORACLE_HOMEYjdk/jre/
export PATH=${JAVA_ HOME}/bin:${PATH}

Java APl Z{# A9 5iE{ElL. CCTIL Groovy 2L TR EERIIZETLET

cd $SORACLE_HOME/md/property _graph/dal/groovy
sh gremlin-opg-rdbms.sh

ORACLE’
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T —AIN—R([EMENT=T 57 - T—E3Z 7

4, AFEN)ETR—IU5007 Sy (BB 0 L .
. LOdYX LESE
SpAlal EEE Java APl Z{EFHL T A

ZZE1T7(PGAL ! . 7
(2217 (PGQL 4T (& J27RDORZIERL

S5 o) ; F—AEEIHT B, T
PGX Shell ZfEH HH UL F—AA—

ATEEINS
Java APl Z{# FH

3. PGX Shell hoT—%4

5S5IIZRET % BEN T BT,
PGX Shell Z{# Database 12.2 SQL #FEALTHARES
Spatial and Graph Option B9 5_&LAIEE
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55IDHE

F—ER—ADEHEERLES .

oracle =
new Oracle("jdbc:oracle:thin:@127.0.0.1:1521:orcl","opg_user","oracle");

connections ELNVYRBIDTANTA-TS57%ERRLET,

opg = OraclePropertyGraph.getinstance(oracle, "connections");

HLWIT ST/ — RSN TN EFHERLET,

opg.countVertices();

JI212BRICT =3 E— RSN TWLBEEIFEELET,
opg.clearRepository();

ORACLE’
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F53INDOPET—200O0—Fk

T—RAR—ARIZIE/—FREIVCRHAD2DDRNMERINTET,
ZDE=H AANT—EEL2D0D CSV 774 ILVERAELTHEMLELHYET,

Java API Z s FH

vi ../../data/connections.opv

vi ../../data/connections.ope

1,name,1,Barack Obama,,
1,role,1,political authority,,

1,country,1,United States,,
1,political party,1,Democratic,,
1,religion,1,Christianity,,
2,name,1,Beyonce,,
2,role,1,singer actress,,
2,country,1,United States,,
2,music genre,1,pop soul ,,
3,name,1,Charlie Rose,,
3,role,1,talk show host journalist,,

1,occupation,1,44th president of ..

1000,1,2,collaborates,weight,3,,1.0,
1001,1,3,collaborates,weight,3,,1.0,
1002,1,4,admires,weight,3,,1.0,
1003,1,5,admires,weight,3,,1.0,
1004,1,6,admires,weight,3,,1.0,
1005,1,7,admires,weight,3,,1.0,
1006,6,1,admires,weight,3,,1.0,
1007,6,7,collaborates,weight,3,,1.0,
1008,7,1,admires,weight,3,,1.0,
1009,7,6,collaborates,weight,3,,1.0,
1010,1,8,feuds,weight,3,,1000.0,
1011,8,1,feuds,weight,3,,1000.0,

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |

101



T27~DNHT—200—k

O—5—ZFLET,

opgdl = OraclePropertyGraphDatalLoader.getlnstance();

ANT77A4IVERRELET,

vfile = "../../data/connections.opv";
efile = "../../data/connections.ope";

O—FLET, 4D2HDFIHILIEFIETT,
opgdl.loadData(opg, Vfile, efile, 4/*dop*/);

/_Po) ﬁ&%ﬁﬁgﬁg\biﬁo

opg.countVertices();

==>7/8

ORACLE’
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HSIADT—HOBN

/—F D OEKEZHEBELTEEET,
opg.getMaxVertexID()

==>/8

20N/ —FEEMLET . &/—FIZEEOHOTONTA4ZEBNTAHIENTEET,

vl = opg.addVertex(79l);
vl.setProperty("name", "John");

v2 = opg.addVertex(80l);
v2.setProperty("name”, "Mary");
v2.setProperty("age”, 30i);

ORACLE’
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FI5I~DT—FMDIEN

‘/__Fo)éréﬁEEELiEj—o

Java API Z s FH

opg.countVertices();

==>80

SHIZ1DDIVOHFEMLET,

opg.getMaxEdgelD()

==>1163

e = opg.addEdge(1164l, v1, v2, "likes");

T—AR—Z L DIRELEOTAZSYEDIRETT,

opg.commit();

ORACLE’
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T—AIR—=X (I SNT=T 5T - T—2& 7T

4. AE)ETR=IUS9%
EQTNAIZLEESR (- N
S *Wr‘ D | T—AEINT Do b
PGX Shell ZfEH HH UL F—AA—
; - RTEEENS
. : : Java API Z{&
3. PGX Shell hoT—4 L e e e e e e e
R—RIZ#EHEL. T—2% | e _ N
J2DICERT S | SE)T—3IIFRIC
. IS TULNST=8,
PGX Shell % Database 12.2 : SQL Z{FHLTRHZERZS
Spatial and Graph Option = S Y|

e e e e e o e e e e Ee e EE O EE EE e Ew o Em E

ORACLE’
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SE)ISIDT—EDB

T27DEKRERLGDT,. SQL TT—2ESRBITEHIENTEET,
SELECT COUNT(DISTINCT vid) FROM connectionsVT$;

COUNT(DISTINCTVID)

80

TONTADRRDEELTHEMEINTOET,
SELECT vid, k, t, v FROM connectionsVT$ WHERE vid=80;

VID K TV
80 name 1 Mary
80 age 2 30

ORACLE’
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SEZ)VITSTNDT—3NDSHE

BRIFRIZTYOLHERLET,

SELECT COUNT(DISTINCT eid) FROM connectionsGES$;

COUNT(DISTINCTEID)

TONTAHAERDEELTHEMRINTLNET,

SELECT eid, svid, dvid, el, k, t FROM connectionsGE$ WHERE eid=1001;

EID SVID DVID EL K T

1001 1 3 collaborates weight 3

ORACLE’
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~

- S o o O O e e S e e e e e e E—

R—RIZ;EASNTF=T 50T

— R

Java APl Z{E AL T D)

J27RDREERL
T—3%&MT S, bV
Yo ET—2R—

(4 AEYLETR—STUHH
EDT7INTIVALEZER
(247 (PGQL #TY[E *

L KYR—K) ¥

PGX Shell Zf5F |

|

: |

|

3. PGX Shell hoHT—4 !

ATEEINS
Java APl Z{# FH

RN—R[ZHEEHL, T—%%

J57I1CREATS

ORACLE’

—

Database 12.2
Spatial and Graph Option

— e o o o o o o o o = ==

. I
S2&E)T—3IIRIC

IS TS =60,
SQL #{#FHALTHAEZS
B9 AHZ&BAHE
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DB M5 PGX ADTF—420OA—K

5257%0—F95=0DEERI7AINEERLETS,

PGX Shell Z{# R

$ vi /tmp/connections.json

{
"db_engine":"RDBMS",
"jdbc_ urI"'"jdbC'oracIe'thin:@127.0.0.1:1521:orcl",
"username":"opg_user",
"password":"oracle",
"max_num_connections":8,
"error_handling":{},
“format":"pg",
"name":"connections",
vertex_props".[{"name" "name","type":"string","default":"no_name"}|,
"edge props":[{"'name":"weight","type":"integer","default":"1"}],

"loading":{"load_edge label":false}

}

ORACLE
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DB M5 PGX ADT—42DO—R

F—A% PGX [ZO—KLZE9,

G = session.readGraphWithProperties("/tmp/connections.json")

/_ Pé&%ﬁﬁgﬂ Lij_ o
G.getNumVertices()

==> 80

ORACLE
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DT IVIAVXLDREIT

ETHO/—FOENFIDLEZTARELET,

PGX Shell Z{# R

Result = analyst.vertexBetweennessCentrality(G)

A FIDED LIS DD/ —FEHALET,

Result.getTopKValues(5)

==> PgxVertex with ID 1=2225.6666666666665
==> PgxVertex with ID 2=1029.0

==> PgxVertex with ID 3=876.5

==> PgxVertex with ID 37=797.0

==> PgxVertex with ID 45=456.0

ORACLE
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ST LT LOEST

/—F D4\ (hame TO/\NT1)ZFEERLE T,
G.getVertex(1l).getProperty("name")

==> Barack Obama

G.getVertex(2l).getProperty("name")

==> Beyonce

%) PGAL MY R—F,ENSZET. LTI THEZF/LICENTEET,

G.queryPgql(" ¥
SELECT n.name, n.betweenness ¥
WHERE (n) ORDER BY n.betweenness DESC ¥

").print(5)

ORACLE
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o),

QL

*12¢ R2 TIXTO/AT - J ST REABMENFY

c COBBEE—MRICTFTT—EIR—RLF[ENDLDTT
s T3 T—ER—REXYRT—ORITENTN
MASNIBOTNDELDD, INLDENTZEHE S 17T-

TOINT AT STHRED T REHEIIRA T !

- B3R ERAAET —RICREISE TS !
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Spatial and Graph 12.2 updates
Spatial

ORACLE’
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&

/1]

Spatial 12c R1 FH%HES

Spatial Vector Acceleration
NURBSHI#R DY HR—Fk

FRI—T—ERREDHLTE
3DAEEE D Hi SR (30 IR D IF BURIE, 3DAST—2FADE 21— B DM HAE)  Hil:wikiepdia

M 2#(Point Cloud), A~ (3 8| = S £ E D YL 5R
BHEOBRERTZECRER. SR BOEM DEMT—2AD TR A—T —3~ND MG E

HFRAREEMIEM Z B e EFIS6TE(12.1.0288))
Web Feature Server 22 —)L

ORACLE
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Spatial Vector Acceleration 12c R1

12chbIEMSN =R DI/ NS5 A—3
ZERNELFIEE
(VTYIZ&KY B~ 100f5F:E1E)

Join: 50-1001%

Touch: 50{Z

Contains, Overlaps: 50&

THENED)STA—IVAWRE

SQL> show parameter spatial

nE men R %E?EEEVX7#IJ E : SOﬁ:il

spatial_ vector_acceleration boolean TRUE

ORACLE’
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NURBS

RO T 7R—

* NURBS]

F Sl

—— T

HEXDKRE

ORACLE

DY R—MZKYLZEHEMNE | -
EZLYIFHIZRIHTESES |
ZIFYELT=,

SDO_ORDINATE_ARRAY (0, O,
-.02912839, .059699523,
-.12598662, .286863981,
-.1936767, .496584079,
-.23523922, .6904190091,
-.25371477, .869928288,

25214393, 1.03667094,
23356727, 1.19220633,
-.20102538, 1.33809372,
15755884, 1.47589238,
10620822, 1.60716159,
-.05001412, 1.73346062,
.007982896, 1.85634874,
.064742236, 1.97738522,
.117529987, 2.09785056,
.165789872, 2.21704556,
.20990794, 2.33341438,
.250274008, 2.44539774,
.287277896, 2.55143638,
.321309421, 2.64997102,
.352758401, 2.7394424,
.382014654, 2.81829122,
.409467999, 2.88495824,
.435508253, 2.93788416
.460525234, 2.97550973,
.484908761, 2.99627566,
.509044541, 2.9986501,
.53313205, 2.98234271,
.557112359, 2.94878587,
.580907505, 2.89953885,
.604439523, 2.83616093,
.62763045, 2.76021137,
.650402323, 2.67324946,
.672677178, 2.57683445,
.694377052, 2.47252563,
.71542398, 2.36188226,
.735739999, 2.24646363,
.755247146, 2.12782899
.773867456, 2.00753762,
.791266007, 1.88672054,
.805867536, 1.76444151,
.815723031, 1.63914139
.8188834, 1.509260091,
.813399552, 1.37324079,
.797322399, 1.22952177,
.768702849, 1.07654456,
.725591811, .912749906,
.666040196, .736578527,
.588098912, .54647115, .
.48981887, .340868505, .
.36925098, .118211319, .

SDO_GEOMETRY (2002, NULL, NULL,

SDO_ELEM INFO ARRAY (1, 2, 1),
-.05624374, .118211319, -.08139356, .175559751, -.10462535, .231769184,
-.14552488, .340868505, -.16328764, .39380712, -.17932241, .445704191,
-.20639802, .54647115, -.21753387, .595389767, -.22713177, .643364292,
-.24190374, .736578527, -.24717284, .781866962, -.25109401, .826308762,
-.25508264, .912749906, -.25524512, .954797979, -.25424971, .99609687,
-.24897529, 1.07654456, -.24479129, 1.11574209, -.23963945, 1.15428789,
-.22662227, 1.22952177, -.21885194, 1.26625857, -.21030381, 1.3024411,
-.19106416, 1.37324079, -.18046765, 1.40790668, -.16928338, 1.44211576,
-.14534154, 1.50926091, -.132679, 1.54224571, -.11961872, 1.57487115,
-.092495, 1.63914139, -.07852657, 1.67083492, -.06435044, 1.70226654,
-.03556511, 1.76444151, -.02105094, 1.79523359, -.0065191, 1.82586121,
.022407535, 1.88672054, .036707311, 1.91700098, .050834714, 1.94721442,
.078382506, 2.00753762, .091725045, 2.03768051,.104772175, 2.06779294,
.130004572, 2.12782899, .14220202, 2.15770388, .154128423, 2.18745085,
.177192457, 2.24646363, .188342269, 2.27568069, .1992454, 2.3046724,
.22033598, 2.36188226, .23053561, 2.3900517, .240512923, 2.41789831,
.259824957, 2.47252563, .269171861, 2.49925761, .27832081, 2.52556931,
.296049209, 2.57683445, .30464084, 2.60173916, .31305888, 2.62612614,
.329398552, 2.67324946, .337332365, 2.69593707, .345116951, 2.71800951,
.360262805, 2.76021137, .367636255, 2.78029208, .374884841, 2.79966015,
.389031786, 2.83616093, .395942326, 2.85324491, .402752367, 2.8695188,
.416095312, 2.89953885, .422640398, 2.91323629, .429109348, 2.92602618,
.441843203, 2.94878587, .448120289, 2.95870695, .454345602, 2.96762302,
.466665275, 2.98234271, .472771816, 2.98809761, .478850948, 2.99275004,
.490951348, 2.9986501, .496984798, 2.999849, .50301505, 2.999849,
.515072205, 2.99627566, .521096823, 2.99275004, .527117177, 2.98809761,
.539140223, 2.97550973, .545140477, 2.96762302, .551131595, 2.95870695,
.56308155, 2.93788416, .56903795, 2.92602618, .574980341, 2.91323629,
.586818223, 2.88495824, .592711277, 2.8695188, .59858545, 2.85324491,
.610272278, 2.81829122, .616082496, 2.79966015, .621868959, 2.78029208,
.63336575, 2.7394424, .639073641, 2.71800951, .644752905, 2.69593707,
.656020678, 2.64997102, .661606751, 2.62612614, .667159324, 2.60173916,
.678159097, 2.55143638, .683603861, 2.52556931, .689010252, 2.49925761
.699703043, 2.44539774, .704987007, 2.41789831, .710227725, 2.3900517,
.720574553, 2.33341438, .725678226, 2.3046724, .730733781, 2.27568069,
.740695663, 2.21704556, .745599554, 2.18745085, .750450454, 2.15770388,
.75998841, 2.09785056, .764673028, 2.06779294, .769299783, 2.03768051,
.778372773, 1.97738522, .782794569, 1.94721442, .787102465, 1.91700098,
.795254739, 1.85634874, .799038208, 1.82586121, .802585958, 1.79523359,
.808852487, 1.73346062, .811510356, 1.70226654, .813810689, 1.67083492,
.817216927, 1.60716159, .818261924, 1.57487115, .818827566, 1.54224571,
.818398969, 1.47589238, .817343821, 1.44211576, .8156875, 1.40790668,
.810449523, 1.33809372, .806806957, 1.3024411, .802441401, 1.26625857,
.791419497, 1.19220633, .784702242, 1.15428789, .777140177, 1.11574209,
.759359802, 1.03667094, .749080584, .99609687, .737834738, .954797979,
.712321348, .869928288, .697992894, .826308762, .682575995, .781866962,
.648355043, .690419091, .629490081, .643364292, .609414855, .595389767,
565511797, .496584079, .541623054, .445704191, .51640223, .39380712,
46184252, .286863981, .432442724, .231769184, .401589029, .175559751,
335398121, .059699523, .3, 0)
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NURBSHA#R D H7R— 12¢ R1

SDO_GEOMETRY (2002, NULL, NULL, SDO ELEM INFO ARRAY (1, 2, 1),
SDO_ORDINATE ARRAY (0, O,
-.02912839, .059699523, -.05624374, .118211319, -.08139356, .175559751, -.10462535, .231769184,
-.12598662, .286863981, -.14552488, .340868505, -.16328764, .39380712, -.17932241, .445704191,
-.1936767, .496584079, -.20639802, .54647115, -.21753387, .595389767, -.22713177, .643364292,
-.23523922, .690419091, -.24190374, .736578527, -.24717284, .781866962, -.25109401, .826308762,

* NURBSHA#RDHR— &Y% [ SinvresthigClitmotEms R, EAOSMER. |

H SN S E A L Ui Y JIYMRGRIVDERTIAVNIMIRI]TEET o
[ZRIHTEAHEOIZEYFELS-, | spo_ceomETRY (

2002,  NULL, NULL,
SDO ELEM INFO ARRAY (1, 2, 3),
SDO ORDINATE ARRAY
(3, 7,
0, 0, 1, .5, 1, 1, 0.2, 2, 1, 0.5, 3.5, 1,
0.8, 2, 1, 9, 1, 1, 0.3, 0, 1,
i1, o, o0, 0, 0, 0.25, 0.5, 0.75, 1.0, 1.0, 1.0, 1.0)));

.580907505, 2.89953885, .586818223, 2.88495824, .592711277, 2.8695188, .59858545, 2.85324491,
.604439523, 2.83616093, .610272278, 2.81829122, .616082496, 2.79966015, .621868959, 2.78029208,
.62763045, 2.76021137, .63336575, 2.7394424, .639073641, 2.71800951, .644752905, 2.69593707,
.650402323, 2.67324946, .656020678, 2.64997102, .661606751, 2.62612614, .667159324, 2.60173916
.672677178, 2.57683445, .678159097, 2.55143638, .683603861, 2.52556931, .689010252, 2.49925761,
.694377052, 2.47252563, .699703043, 2.44539774, .704987007, 2.41789831, .710227725, 2.3900517,
.71542398, 2.36188226, .720574553, 2.33341438, .725678226, 2.3046724, .730733781, 2.27568069

-0
0

.735739999, 2.24646363, .740695663, 2.21704556, .745599554, 2.18745085, .750450454, 2.15770388,
.755247146, 2.12782899, .75998841, 2.09785056, .764673028, 2.06779294, .769299783, 2.03768051,
.773867456, 2.00753762, .778372773, 1.97738522, .782794569, 1.94721442, .787102465, 1.91700098,
.791266007, 1.88672054, .795254739, 1.85634874, .799038208, 1.82586121, .802585958, 1.79523359
.805867536, 1.76444151, .808852487, 1.73346062, .811510356, 1.70226654, .813810689, 1.67083492,
.815723031, 1.63914139, .817216927, 1.60716159, .818261924, 1.57487115, .818827566, 1.54224571
.8188834, 1.50926091, .818398969, 1.47589238, .817343821, 1.44211576, .8156875, 1.40790668,
.813399552, 1.37324079, .810449523, 1.33809372, .806806957, 1.3024411, .802441401, 1.26625857,
.7973223%99, 1.22952177, .791419497, 1.19220633, .784702242, 1.15428789, .777140177, 1.11574209
.768702849, 1.07654456, .759359802, 1.03667094, .749080584, .99609687, .737834738, .954797979,

.725591811, .912749906, .712321348, .869928288, .697992894, .826308762, .682575995, .781866962,
.666040196, .736578527, .648355043, .690419091, .629490081, .643364292, .609414855, .595389767,
.588098912, .54647115, .565511797, .496584079, .541623054, .445704191, .51640223, .39380712,
.48981887, .340868505, .46184252, .286863981, .432442724, .231769184, .401589029, .175559751,
.36925098, .118211319, .335398121, .059699523, .3, 0)

ORACLE
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FAREZ—T—FHEEEDILTE

+ FRE—RBRE DRI
~ SRI—RHYEFRBICLDTRAFI—NEZDBNTILFIET

- & B ER N
—~ WIBSHEINDEE T —FDFHIE IR ( #AFMWIE, FILVHELE).
- EYA(O0E ESZyRED SN, EFEIE
— AA—DIRAXT IR T AUME ALY F IR
~ NE COBEFNIE L M4 1E
— NDVIETE., 2y tILR Xy T iR

ORACLE’
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Spatial 12.2 BB+ <1)— 12¢ R2

- 2R DB EEHE T - 3D BH:EHERE
— FLWLWZEEFRSI - R&/TIN
— IS—TF1av BB - RBBIERIBGEM( Hilbert B H H B L)
- AF—5AOBRELZRER S OEM j gfngj;f;;j’"*‘”**M*
* GeodSONXTIt —
eoUSONHIE - SRE—HE
* Location Tracking Service  HSEESE
- SVAEZIL — SR —RHK DHRENLR
~ ANDRSE, MINUSTRH - B EE DRI
- {E#EWebService DB i — JPEG 20003} ki
— Catalog Services for the Web (CSW) 2.0.2 . GoldenGate X i T—4 DB
— WCS (Web Coverage Service) — MRAS—F—4 SRA—F— ANt 2K

ORACLE’
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ZHIRGIDHEREILTE FTLULVZERIRSI)

- FTLULVEERAZ&E B ( SPATIAL INDEX V2 )

-V AT LEEHDZERFES

c IN—T4a=2b

KGRI EoDEMASIOF AN HEREGYET

— R5IER/#EEHF RGO ERER £

- REDOAX R EHN1/3
- 2—31EDEZEIE
— 9 O0—/N\)L—ERGTTFI A

CREATE INDEX spidx area ON area (geom)
INDEXTYPE IS MDSYS.SPATIAL INDEX V2;

« N—T 13V AR DEM®
—Fht=12Nnya, YRMA DA —INILARTBB|THIN—T 4 a5t
- ZEREIRERSIZXZO—HILETFIELTYERM RIREIZGYET

c (12AFTIRLDIN—T4232 D H)

ORACLE’
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2R B DABEIEIE (3 RSy kB-Tree R B )

c RT—AERAOBRELGEMRS QYR YIB-Tree R 5D EM

CREATE INDEX pt 1dx ON PT CB(c2)
indextype is MDSYS.spatial index v2
PARAMETERS ('layer gtype=POINT cbtree index=true');

— ZRR5 I DEFRARRDINSND AV

o ) cbtreeZF DX RETT H/\ 23—
* 1000 ) ST —RIZxt9 5% 5| {E Rk 5] @1:527;»;;’2@75“;
_ GEERIZRE] - 134 (2L T cbtreeTlE 158 THRAET | OT —2EHBELEL
e e T | omEEEELEL
— A—X5—RIZIGCT-EIRD A gE(Z Y ET X2 R T4 LA—ENH S5 E | (Lcbtree
* R-Tree O FBIZBERR 5O TIEBLTY FOTITEARL R HREADVET

- HTUMEBEFR-Tree 3R 3| K YBR B AR A BYES
—-T—5E2 REARARIAIIE—NEDOHMN), #EBESBEOFRLGECEEINETT

Foa
ORACLE
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ZRIFR5|DHEEILIE (TR YB-Tree X 5)

SQL> select count(l)

B

COUNT (1)

DL/ 5I(R-Tree) DIERK 216680

from densha eki b ;

CREATE INDEX spidx densha eki b ON DENSHA EKI b (GEOM)
INDEXTYPE IS MDSYS.SPATIAL INDEX V2
PARAMETERS ('layer gtype=POINT') ;
R MMERENELT,
#%i@: 00:00:09.68

« AR YRB-Tree & 5| DYERL

ORACLE’

CREATE INDEX spidx densha eki b ON DENSHA EKI b (GEOM)
INDEXTYPE IS MDSYS.SPATIAL INDEX V2

PARAMETERS ('layer gtype=POINT cbtree index=true');

REIDNERSNFELT-,
#F@: 00:00:00.24
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ZRIFR5|DHEEEHLFE(A 7RV FB-TreeFR 5|

JTtERE

- SDO_FILTERMLE DA T
T—RENDEWNERIC
[X. cbtreeD A HE X,
~ T—REHIEZHE. R-Tree

ERIFREE

« 2RI IWA—E TUHZE
1558 T, HhDOihES
BEESLIHEE . R-Treed
B hEIE

ORACLE’

sQLyx!) &5l
SELECT count (*) C-BTree
FROM abi, states R-Tree
WHERE C-BTree
SDO FILTER (geometry, geom) = 'TRUE';
o R-Tree
SELECT count (*) C-BTree
FROM abi, counties R-Tree
WHERE C-BTree
SDO FILTER (geometry, geom) = 'TRUE';
o R-Tree
SELECT count (*) C-BTree
FROM abi, states R-Tree
WHERE C-BTree
SDO_ANYINTERACT (geometry, geom) =
'"TRUE' : R-Tree
SELECT count (*) C-BTree
FROM abi, countries R-Tree
WHERE C-BTree
SDO ANYINTERACT (geometry, geom) =
v R-Tree

'TRUE' ;

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |
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CSE TEEIT)D2EEI1ILF—NIE

SDO_RELATE

SDO_FILTER B S5 AA FADSDO FILTERBES (1R T4I)L
= : ‘ AWEBDHTHRERLET

AXMDEWVEBRELERHIEEREDE
BZE&R/NMEFREHMBRIZAN—REL
-ZERFRSI TEEICRYAHFT

ORACLE’



GeolJSON D HHR—k 12¢ R2

- DBADISONT—AI=%td Z7efgie  ° SDO_GEOMETRY AV ARSU43IC

et R — JSONTD A BHAIEE(IC
SQL> SELECT JSON VALUE ( —JSON_VALUERS %13 GeoJSONE&
'{"type": "Point", SDO_GEOMETRY(Z 3 i
"coordinates": [125.6, 10.1]}'"', .
o du'a$l' .returning sdo_geometry) o DBW O)JSON I\ #1)(?/ I\l:l—g*ﬁ:g'g
' RIS Z1ERL . ZERIR R A A EE
SDO_GEOMETRY (2001, 4326,
SDO_POINT TYPE(125.6, 10.1, NULL), NULL, NULL) ° SDO_G EOMETRY’ GEOJSONFEﬁ d)@]

RT3 2 #E RE 2R 0D 160
GeoJSON Hi #&:Wikipedia

—SDO_UTILTO GEOJSON
GeoJSO N[1][IJauaScript Ohject Motationz LT ZEfE1 7 — — SDO_UTl LFROM_G EOJSON
eI/ O—FLIEER BT EELREMM L7 7L EIATH DS,

ORACLE’
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O —33 - kSyE o4 -H—E R 12¢ R2

s LB FIRCHEBRRFEICESAAN

Application ?/ I‘%%% l[,?-‘y$>7\\_§_€é? 7’—:15:) 0)

, IMXZFI AL T-Java API Z1E
- Notﬁ;?:g':ion ®
Point in Polygonﬁ‘*ﬁ' DLk
g _EHMOETHRENOEROBET S
¥ Wir%S %ﬁ?‘é
R Y processor T ~HBFDITT7TOHRBELICRSBEE
MAZLS VX TEFET
Oracle Spatial and Graph Database @ % FEﬁ E&ﬁ 0) 77 I'7 I\ J: —C 0) kiﬁ.

AR AEAEL TR

— DB TILSDO_TRKR/ w4 r— TRE#L
7&?;51,\0 AQ,JavaAPIEEEE,
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&

5B/ RRB = ABTIN)

4 ()
A Q:J‘

R RDEETIDERETHT—4 (LIDARZE)

AREI=AHE =g ckEmBIkEaRIA SDO_PC_PKGI=#i #2381
\ ADD_HILBERT TO_FLAT MODEL PC
$ge. R—SEYTDk=E GETNTHHILBERTVALUE
ELLRILFR-TreeETIL/ELR LN DO EHTOF S L E gfl':EEé\TIEﬁT*gLBLE\T—VALS
KBERBET —RHTH/SLILI T DRE M E e

BT —2x T BAHLWLWAN—UFTILDE
AT —AAO0—4Y—0MHEESE
EEROEH

ORACLE
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A A¥/3D

CityGML #E REPL IR

CityGML: %BI_'E:ET)I/E_ELTé 5 oo
- 3DCityDB (0SS)& D E k(L

* CityGMLET LMo RA T4 2189 H53DRAFT—T DI/
* CityGMLEE(ZhH -5 T/L3DTOEIMP LU T
» CityGMLADRAT470—45 —

— Oracle D CityGMLF X2 AV D E M EO—F — DR

«

CityGML 2.0 its
3dCity 2.0.1

e CityGML Databa

LOD1 LOD2 LOD3 LOD4 -
l 3D City DB

Building Building Building Building

ORACLE’
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8 IE - Hilbert R Tree (EJLNJLRRYY—)

EILANILMNHERIESZRFTEHRBOVEDTY
SRITTINEKE)ZERIZEHX L TLVET
EILNJILMNEBRERAVTERERKIZIEFF TN TEXT

R-TreeZ AL T-Fi%Hilbert-R-tree) TOZFEF|DITHAIEETT
ERRGEICHENEREBELET

EILARJLRRYY) —I&, #8. f818. 3-DA Tz Uh . B RITDEFHR—RD /T A
NIV OATOTOMNGEDZERITA T IOMDATIIRATY,
EILRILERY Y —IIZEMFTEREEZFALEILNILINRIE T —2ORAFED
BERIEFEZRLET

Hi #:Wikipedia (en): Hilbert R-Tree:
https://en.wikipedia.org/wiki/Hilbert_R-tree

ORACLE
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SAA—HEEED M L
HeEE N

c A A—UHEBREDTRIE
— AL 2{EDEDOFHLLNL—ILEZFZ DB M(color balancing)
~ FTIRERE/ S — MBI (SDO_GEORIP) rr—

* linear stretching,piecewise stretching,equalization ,normalization

Original Image

* histogram matching, dodging, filtering,
* warping (sdo_geor.warp in SDO_GEOR package)

» JRF—HKBADILIE

— 2558 D ;EHE FDIEM: conditionalExpr IF-THEN-ELSE), ~ (XOR), % (MODULO), POWER, FACTORIALZ%:E

« JPEG2000[Efig~ D %t Iits
> F LU GeoRASTER Viewer8ETLY—/L (iR

ORACLE’
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RFEIT:BE2EINLLMLEK

- R ERTRE O LR
— ROEH AR LA TUERARE L TO BB EA RIS Y ELL =,

« KYIEREGIRREET R N AT REICIEY EL -

SDO_WITHIN_DISTANCE 4°
SDO_GEOM.SDO_DISTANCE 7
EDHEREFTECEEANTORE
Fr O EEEET EAEAAIERIER
27352 ETRYBNRETOR
RPERMNAREICLEYET

ORACLE’

(f5) BERONOZEWERRER23XADT B &EEEE(m)

SELECT a.gst name, a.moji, a.key code,

SDO_GEOM.SDO DISTANCE( a.geometry, b.geom, 0.0005,

'unit=m',k 'ellipsoidal=true') dist
FROM tokyo02 a, minatoku b
ORDER BY dist;

BIIX 8 TH 13121067008 16262.9429
X H/KTHTH 13122028005 16369.5831
HEixX W/KTT6 T H 13122028006 16403.4701
BEiX R&HT8TH 13122025008 16490.081
SR E X PEARRHT 131200420 16637.3619
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Spatial and Graph 12.2 updates
Network Data Model

ORACLE’
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RDF Semantic Graph - 12.1 New Features

» RDF View (R2RML, Direct Mapping)
—RDBT—ARZEBEERIL—IL, EEZHAVLTIREMIZRDF{EA AT EEIC

- SPARQL 1.1 #53E
—SPARQL 1.1 X DY HR—Fk

- A—H—EHHH

« OGC GeoSPARQLYHR—F

« OWL EL H7R—Fk

. SHE—R—RHEH

W3C

SPARQL 1.1 Query Language
W3C Recommendation 21 March 2013

c
]
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8
c
@
E
E
(o]
o
@
ot
9
g

This version:
http/iwww w3 .org/TR/2013/REC-sparal11-query-20130321/
Latest version:
http:/iwww.w3.org/TR/spargl11-query/
Previous version:
http://www w3 .org/TR/2012/PR-sparql11-query-20121108/

Editnre

c BIUTA4YIXRYNT—IDimpdp/expdpi—k 12.1.0.2 . )
SPARQLZxTFL—TvK%2 I (servicet])

o A F o e o
{RZEET )L Dreplace RDFE 21— ¢ERNITILRARNT DFES
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RDF Semantic Graph - 12.2 New Feature 12¢ R2
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- SPARQL 2 SQL Z#OTvIDE
« T—RRILTZRS DB (XEHEHS>—HA)

- A—HFE)T/DORE
— RDF Studio (on SQL Developer) =
- ROFET LD, /ALY 0—K,SPARQLYIYI T (4, R2RML TF4% [
— Cytoscape/Protege 757 A DT VT T—h

— RDB 2 RDF / RDF View{#EU\iF M L
 DBLink*t/its. RDF View® & Z={ER(LLRI (X drop/create) ViewD 4 RER] A&

ORACLE’

Copyright © 2016, Oracle and/or its affiliates. All rights reserved. |



SPARQLELRETRL: SEM APIS.UPDATE MODEL 12¢ R2

- SEM_APIS.UPDATE_MODELZAY— ¥ o1 SPARQL
— SPARQLE HLHE(SPARQL 1.1 updates) D& X ZDBHITHRAT1T HHR—k
SPARQL filterB] [ZFI AR BEG 1 —H —E &% (PL/SQL)
SPARQLZSQLIZZE 9 HREE D IZH (SEM_APIS.SPARQL TO_SQL EE %K)
SPARQLT4gEM E

— AT 4/ R aggregate D M EeMm LA &

begin
sem apis.update model (

* GeoSPARQL#BEYLEE apply model=>'M1',
YRR B R AR R OD AT update stmt=>'INSERT {?s :mbox ?n}
5 o . . WHERE {?s :email ?n}'
« JANTA4UST7EDHBIER ) ;
end;
/
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io (on SQL Developer)
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RDF Studio (on SQL Developer
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* Oracle Database Spatial and Graph, 12c Release 2
http://docs.oracle.com/database/122/nav/spatial-and-graph.htm
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Safe Harbor Statement

The preceding is intended to outline our general product direction. It is intended for
information purposes only, and may not be incorporated into any contract. It is not a
commitment to deliver any material, code, or functionality, and should not be relied upon
in making purchasing decisions. The development, release, and timing of any features or
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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