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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, timing, and pricing of any
features or functionality described for Oracle’s products may change and remains at the
sole discretion of Oracle Corporation.
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Most Widely Used Relational In-Memory Database
Deployed by Thousands of Companies

, Designing The Future
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Oracle TimesTen In-Memory Database

Relational Database Persistent and Recoverable

ORACLE — Pure in-memory — Database and Transaction logs

wwevorvoanease —— — ACID compliant - persisted on local disk or flash
storage

— Standard SQL -
— Entire database in DRAM

Extremely Fast orece | Highly Available

TIMESTEN
IN-MEMORY DATABASE

LJ
M — Microseconds response time e — Active-Standby and multi-master

— Very high throughput replication

— Very high performance parallel
replication

A\ 4 A
ORACLE’

TIMESTEN
IN-MEMORY DATABASE

ORACLE
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Oracle TimesTen In-Memory Database
One product, two deployment modes

TimesTen Classic TimesTen Scaleout
. . ORACLE’
Application Application Reads Application Reads ORACLE . Timesfen Scaleout
read/writes from Standby from Subscribers pzesien Scalecut —— R ORACLE
/ 8
| ORACLE -
R — meemsc==  Single System Image \'.
ORACLE ORACLE ———— \ In-Memory Database orace
TimesTen TimesTen ORACLE opAcLe Timesten Scaleout
_ E _ E T| meSTe n _— TimesTen Scalgt /
= 3= — < oracie |- %T;Ak%ceag
* Replicated In-Memory Relational Database * Scale-Out In-Memory Relational Database
* Highly Available * Highly Available
e Extremely low latency reads and writes * Extremely high throughput reads and
» Read scaling across multiple hosts writes

e Scales both reads and writes
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Single Database Image

oo AR
P m
* Database size not limited by memory - —
* Table data distributed across all ! l -
elements e || e !
TTTTTTTT EE——— .
— All elements are equal /E e
* Connect to any element and access = oee .
all data — = -
— Distributed queries, joins & transactions \ oracLe
. ORACLE' - 8
* No need to de-normalize data model = _ Z
\ ORACLE' %
rrrrrrrr - EEmmmm=E
W

ORACLE
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High Availability and Maximum Throughput
K-Safety, All Active

* Built-in HA via multiple copies of

mEE — o —— the data (K-safety)

TTTTTTTT

. — Automatically kept in sync

and writes
oRees — Double the compute capacity

g
T * All replicas are active for reads
A @

g

TTTTTTTT

D S * Transactions can be initiated from
N~ P Snacte and executed on any replica

TTTTTTTT

ORACLE
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Database Fault Tolerance — No Application Down Time
Provided one entire copy of the database is available

* If multiple elements fail, applications }AC% cmi.;e
will continue provided there is one “

complete copy of the database

* Recovery after failure is automatic > “ﬂ’éﬁ
. ° ° ° B B
If an entire replica set is down,

application can explicitly choose to

. ORACLE RACLE
accept partial results “k
D D

ORACLE
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Using TimesTen Scaleout for OLTP

TimesTen Scaleout: The World’s Fastest OLTP Database

ORACLE



What is the YCSB Workload? Surveyed YCSB (Workload B) Results*

_ Product Type Nodes Ops/Sec
* YCSB : Yahoo Cloud Serving Benchmark
— Developed at Yahoo for Cloud Scale workloads Do O, NoSQL DB 32 227 K
d
— Widely used to compare scale-out databases, NoSQL SRR
databases, and (non-durable) in-memory data grids .mongoDB NoSQL DB 2 275 K
* A series of workload types are defined:
YP SCYLLA. NoSQL DB 3 715 K
— Workload A: 50% reads, 50% Updates
— Workload B: 95% reads, 5% Updates VOLTDB Scale-Out RDBMS 6 1.6 M
— Workload C: 100% reads
. <EROSPIKE NoSQL DB 8 1.6 M
* The YCSB Client cannot be changed - B
— DB Vendors implement the DB Client interface in Java * There is no official repository of YCSB results

— The version and exact configuration matters These were the largest results we found online

ORACLE
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ORACLE
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YCSB Workload A (50% Read 50% Update): 6.4 Million Ops/Sec

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

Operations per Second

2,000,000

1,000,000

ORACLE

432,929

1x2

6,428,732
3,294,530
1,715,569
878,512
2x2 4x2 8x2 16x2

Oracle TimesTen Scaleout Configuration

YCSB version 0.15.0

e 1KB record
(100-byte x 10 Fields)

* 100M records / Replica Set

* Uniform Distribution

TimesTen Scaleout

* 1to 16 replica sets

* 2 synchronous replicas per
replica set

Oracle Cloud Infrastructure
e 32 *BM.Densel02.52

12
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YCSB Workload B (95% Read 5% Update): 38 Million Ops/Sec

Reminder: The best YCSB-B result found in our survey was 1.6 Million Ops/Sec

45,000,000

40,000,000 38,154,715

35,000,000
30,000,000
25,000,000
20,466,127
20,000,000

15,000,000

Operations per Second

10,661,407

10,000,000
5,505,610

5,000,000 2,772,366 .
2X2

1x2

ORACLE

4x2 8x2 16x2
Oracle TimesTen Scaleout Configuration

YCSB version 0.15.0

e 1KB record
(100-byte x 10 Fields)

* 100M records / Replica Set

* Uniform Distribution

TimesTen Scaleout
* 1to 16 replica sets

* 2 synchronous replicas per
replica set

Oracle Cloud Infrastructure
e 32 *BM.Densel02.52

13
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YCSB Workload C (100% Read): 65 Million Reads/Sec

70,000,000 65,440,298
YCSB version 0.15.0
60,000,000
* 1KB record
50,000,000 (100-byte x 10 Fields)
§ e 100M records / Replica Set
(8}
& 40,000,000 37,646,883 »  Uniform Distribution
()
o 30.000 000 TimesTen Scaleout
t 4 4
9 19,831,099 * 1to 16 replica sets
20,000,000 « 2 synchronous replicas per
9,854,235 replica set
10,000,000 5 112,763
— Oracle Cloud Infrastructure
i 32 * BM.Densel02.52
1x2 2x2 4x2 8x2 16x2

Oracle TimesTen Scaleout Configuration

14
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ORACLE
What is the TPTBM Workload? Thrmesier

* TPTBM : Telecom Provider Throughput BenchMark
— A benchmark originally developed by the TimesTen team
— Represents common operations on a Telecom Subscriber database
— Uses standard SQL and standard database APIs
— Shipped with Oracle TimesTen as C and Java source code for the past 15 years
— Quickly demonstrates the performance of user’s hardware

* Common workload mixes:
— 80% Reads, 20% Updates
—100% Reads

* The version and exact configuration matters

ORACLE
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TPTBM 80% Read 20% Update: 153 Million Transactions/Sec

TPTBM Configuration

Transactions per Second

180,000,000
160,000,000 153140347] 128-byte record
* 100M records / Replica Set
140,000,000
* Uniform Distribution
120,000,000
100,000,000 TimesTen Scaleout
81,746,166
80,000,000 * 1to 64 replica sets
60,000,000 * 1replica per replica set
41,633,465
40,000,000
22,611,122
20.000.000 11 251 034 Oracle Cloud Infrastructure
e 5,695,071 .
— ] + 32 * BM.Densel02.52
Oracle TimesTen Scaleout Configuration per compute node

16
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TPTBM 100% Read: 1.4 Billion Reads Per Second!!

TPTBM Configuration
1,430,090,196] « 128-byte record

* 100M records / Replica Set

1,600,000,000

1,400,000,000

1,200,000,000 . oL .
* Uniform Distribution

©
S 1,000,000,000
& TimesTen Scaleout
g 800,000,000 714,785,994 _
@ * 1to 32 replica sets
© 600,000,000 :
o * 2 synchronous replicas per
400,000,000 356,355,946 replica set
200,000,000 178,371,185 Oracle Cloud Infrastructure
44,524,225 58:637,257 .
’ ’ ° *
— 32 * BM.Densel02.52
1x2 2x2 4x2 8x2 16x2 32x2 * Two TimesTen instances
Oracle TimesTen Scaleout Configuration per compute node

17
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Columns | Data | Grants | Statistics | Sizes | Indexes | Aging attributes | Distribution A'SQLV

s ) ~ Actions. ..

-- Database 1s 1n Oracle type mode
create table APPUSER.ACCOUNTS (

ACCOUNT_ID NUHBER(10) NOT NULL,

PHONE VARCHAR2 (16 BYTE) INLINE NOT NULL,
ACCOUNT_TYPE CHAR(1 BYTE) NOT NULL,

STATUS NUHBER(2) NOT NULL,

CURRENT_BALANCE NUHBER(10,2) NOT NULL,

PREV_BALANCE NUHBER(10, 2) NOT NULL,

DATE_CREATED DATE NOT NULL,

CUST_ID NUHBER(10) NOT NULL,
primary key (ACCOUNT_ID),
constraint FK_ACCT_STATUS foreign key (STATUS) references APPUSER.ACCOUNT_STATUS (STATUS),
constraint FK_ACCT _TYPE foreign key (ACCOUNT TYPE) references APPUSER.ACCOUNT TYPE (TYPE),
constraint FK_CUSTOMER foreign key (CUST_ID) references APPUSER.CUSTOMERS (CUST_ID))
distribute by reference (FK_CUSTOMER);

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. | Confidential — Oracle Internal/Restricted/Highly Restricted 18
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APPUSER.TRANSACTIONS

P * TRANSACTION_ID  NUMBER (10)
PF* ACCOUNT_ID NUMBER (10)
P * TRANSACTION_TS TIMESTAMP
DESCRIPTION VARCHAR2 (60)
* OPTYPE CHAR (1)
* AMOUNT NUMBER (6,2)

Z» TRANSACTIONS (ACCOUNT_ID, TRANSACTION_ID, TRANSACTION_TS)

©3 FK_ACCOUNTS (ACCOUNT_ID)
& FK_ACCOUNTS (ACCOUNT_ID)

APPUSER.ACCOUNTS APPUSER.ACCOUNT_STATUS

P * ACCOUNT_ID NUMBER (10) P * STATUS NUMBER (2)

* PHONE VARCHAR2 (16) PP * DESCRIPTION  VARCHAR2 (100}
F * ACCOUNT_TYPE CHAR (1)
E v eraros i 3> ACCOUNT_STATUS (STATUS)

* CURRENT_BALANCE  NUMBER (10,2)

* PREV_BALANCE NUMBER (10,2)

* DATE_CREATED TIMESTAMP APPUSER.ACCOUNT_TYPE
F * CUSTID NUMBER (10) P * TYPE CHAR (1)

£
R C ol ARG >H———» + DESCRIPTION  VARCHAR2 (100)
%> ACCOUNT_TYPE (TYPE)

FK_ACCT_TYPE (ACCOUNT_TYPE)
FK_CUSTOMER (CUST_ID)

& FK_ACCT_STATUS (STATUS)
& FK_ACCT_TYPE (ACCOUNT_TYPE)
& FK_CUSTOMER (CUST_ID)

g FK_ACCT_STATUS (STATUS)

APPUSER.CUSTOMERS

P * CUST_ID NUMEBER (10)
* FIRST_NAME VARCHAR2 (30)
* LAST_NAME VARCHAR2 (30)

ADDR1 VARCHAR2 (64)
ADDR2 VARCHAR2 (64)
ZIPCODE VARCHAR2 (5)

* MEMBER_SINCE TIMESTAMP

» CUSTOMERS (CUST_ID)

ORACLE

’ s &dcustowers | e
! ¢
Columns | Data | Grants | Statistics | Sizes | Indexes | Aging attributes | Distribution SQL |Model

& ) ~ Actions...
‘ Solumn Chart e ‘ - ‘ Distribute by Hash ‘
Row Distribution for CUSTOMERS F Selected Columns
130,000 CUST_ID
120,000
110,000
100,000
30,000 ‘ Row Distribution ; - 7
Dataspa... Re... El.. Name Row Count Dist...
80,000 [1 1 1 ttgrid... 124,238 12%
- 2 3 ttgrid... 124,961 12%
S 70.000 3 5  ttgrid... 124,992 12%
';;) 60,000 4 7 ttgrid... 125,497 13%
o 5 9 ttgrid... 125,380 13%
50,000 6 11 ttgrid... 125,384 13%
7 13 ttgrid... 124,634 12%
Ly 8 15  ttgrid... 124,914 12%
30,000 Summary 1,000,000 100%
2 1 2 ttgrid... 124,238 12%
20,000 2 4 ttgrid... 124,961 12%
3 6 ttgrid... 124,992 12%
Ly a 8 ttgrid... 125,497 13%
a i 5 10 ttgrid... 125,380 13%
DataSpace group 1l DataSpace group 2 6 12 tegrid... 125,384 13%
Dataspace Group 7 14 ttgrid... 124,634 12%
B replica Set 1 I Replica Set 2 ]l Replica Set 3 8 16  ttgrid... 124,914 12%
Bl replica Set 4 ] Replica Set 5 ] Replica Set 6 Summary 1,000,000 100%
Bl replica Set 7 [l Replica Set 8 p -

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. | Confidential — Oracle Internal/Restricted/Highly Restricted 19



TimesTen Scaleout SQL APIs

s P
Java @ e @ @ @ pythor ‘@dc

a0
. 5
0

PorPpouEBD : -~
API Comment
JDBC The same (JDBC 4.3)
ODBC The same (ODBC 3.5.2)
OcCl The same (OCl 11.2.0.4.+)
R-Oracle The same (OCl 11.2.0.4.+)
ODP.Net The same (OCIl 11.2.0.4.+)
Pro*C The same (OCl 11.2.0.4.+)
Python The same (cx_Oracle, ODPI-C)
Ruby The same (Ruby-ODPI, ODPI-C)
Golang The same (go-goracle, ODPI-C)

ORACLE
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Using Oracle cx_Python with TimesTen Scaleout
ﬁ ORACLE

o = D
python
\ ORACLE

Python [and Node.js, GoLang, Ruby and PHP] uses an OCI driver
Use tnsnames or easyconnect to connect

TimesTen Scaleout
e

tnsnames.ora .

sampledb 1811 =(DESCRIPTION=(CONNECT_DATA = (SERVICE_NAME = sampledb_1811)(SERVER = timesten_direct)))
sampledbCS 1811 =(DESCRIPTION=(CONNECT DATA = (SERVICE_NAME = sampledbCS_1811)(SERVER = timesten_client)))

/1

TimesTen ODBC DSN Client/Server or

Direct Linked

ORACLE
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Using TimesTen Scaleout for loT

TimesTen Scaleout: The World’s Fastest OLTP Database

ORACLE



Windows Server 2016

[ —-—
docker

ORACLE kafka

ORAGLE /
ORACLE /

FUSION APPLICATIONS

Alerts

L i

>

ORACLE
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Cloud Alerts

KEach transaction included: \

* Enqueues

* insert + commit
e Concurrent analytics rules
 Dequeues 5-20 min later

\ e Deletes + commit j

Hundreds of rules. eg

map state over time to bitmaps:

000000 = Ignore
000001 = Interesting
000010 =Ignore

111111 =Ignore

Window from 100M to 1B records per node

ORACLE

Example Rule
insert into login_results
select * from
(
select id,
ruleid,
evalcycle,
target,
userid,
ts,
nodeid,
status,
sum(loginstatus)

//;reate table login_table ( ‘\\

.

ruleid varchar2(256),
tenantid number,

target varchar2(32),
evalcycle  number,

nodeid number,

userid varchar2(16),
lToginstatus number,

ts timestamp(9),
tt] timestamp) ; 4//

//Z}eate

.

table Togin_

tenantid
ruleid
evalcycle
target
userid

ts

nodeid
Toginstatus

sum_loginStatus number

processed

results ( ‘\\

number,
varchar2(256),
number,
varchar2(32),
varchar2(16),
timestamp(9),
number,
number,

number default Ozi/

over (partition by id, ruleid, evalcycle, target, userid

order by ts

rows between 5 preceding and O following) alias1

from login_table

group by id, ruleid, evalcycle, target, userid, ts, nodeid, loginstatus

order by ts asc
) where aliasl =1
and loginstatus = 1;

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. | Confidential — Oracle Internal/Restricted/Highly Restricted 24



&Linux An loT pipeline Cloud Alert Mechanism
al

Wi we Server 2016 _> TimesTen Scaleout
Windows Server 2016 leou > Q |ertS
& > ORACLE'
i
*—

docker - >

ORACLE" — k fk : >
WebLogic = q q ORACLE'

s> TimesTen Scaleout ——

ORACLE / 1 Million inserts/sec per Oracle x7-2 node
/ * Asingle cluster has up to 64 nodes

\ 4

ORACLE * Analytics rules are sub second for 300M rows

FUSION APPLICATIONS

ORACLE
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An loT pipeline for Real Time Credit Card Fraud Detection

VISA

Master€ard — §8

- kafka
-

Fraud

=

>

ORACLE
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An loT pipeline for Real Time Credit Card Fraud Detection
= =N

Fraud

=

>

VISA

Master€ard — §8

- kafka
-

SE e

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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An loT pipeline for Real Time Credit Card Fraud Detection

VISA g Fraud

>
>
MasterCard — % >

kafka 1 =
) —

SE e

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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TimesTen Scaleout Deployment

TimesTen Scaleout: The World’s Fastest OLTP Database

ORACLE



TimesTen in On Premise

* TimesTen Velocity Scale requires :

* Linux x8664 (glibc 2.12+)
* Oracle Linux / Red Hat / CentOS 6.4+, 7+
* Ubuntu 14.04+
* SuSE 12+

* JDK 8+
* TCP/IP or IPoIB

* Afile system [eg ext4, not ext2 or ext3]
* Enough RAM for the DB

n &
docker

openstack | & Rocket

CLOUD SOFTWARE

ORACLE

ORACLE
LINUX

ORACLE L KVM B2 iper-v

vmware en ﬁ?\lirtualBox

30
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TimesTen Scaleout on OCI, AWS, Azure, Google & OpenStack

Create your network, VMs, security configuration
Download TimesTen from OTN

Download Java

Download Apache Zookeeper

Unzip, configure and deploy

Q redhat SUSE ub?\tu Y% L"L‘U‘DLQ‘) LINUX

LnewNheE

Amazon Linux

. W,
ORACLE Apache ] a
TimesTen Scaleout Java Zookeeper

ORACLE
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TimesTen Scaleout
Oracle Cloud provisioning with TerraForm [available soon]

1. Download provisioning script [101KB] & TimesTen 18.1.1.3.0 [389 MB]
2. ./ScaleOutRollOut.py
==> Provide Region, Compartment, Shape, OS, Number of Instances

¥ Terraform

| ) Apache
- Zookeeper

ORACLE ORACLE

LINUX TimesTen Scaleout

ORACLE
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TimesTen In-Memory Database




TimesTen Classic Challenges

Middle-tier mm——) /\sync Replication
Data Routing messss) - TimesTen AutoRefresh

— — -\ T - S
Shard A Shard B Shard B Shard C Shard C Shard D Shard D
Active Standby Active Standby Active Standby Active Standby

Applications must deal with data routing function.

= Very complicated to manage, so many shard instances.

*  You need to log into every host in order to perform management activities (such as install/deploy/start/stop).

Have trouble in redefining tables:

=  You must recreate cache group while redefine tables.

*  You must recreate ASP (Active Standby Pair) while redefine tables.

Difficult to scale out. Need to manually add shards and rebalance the data among the shards.

Data distribution skew. Application-managed sharding mechanism is hard to distribute the data evenly.

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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Pingan Current Challenges

- Huge data volume, tens of millions row in a single table
- Several levels of reference relationships between tables

- Complicated business logic and lengthy SQLs, but high-performance
requirements

- Fast data growth rate, periodic capacity increase

» Critical business function, high availability requirements

ORACLE
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TimesTen Scaleout (Pingan Tech.)
SRD "ericiten comestir:
—) Replica Replication

Middle-tier ) GoldenGate

Instance 1 Instance 2 Instance 3 Instance 4 Instance 5 Instance 6 Instance 7 Instance 8

3
MGMT1 MGMT2

= Partition strategy: Duplicate + Hash + Reference. Hash is to =  Application does not need to deal with data routing function.

solve the data distribution problem
= Scalability:

» Allocated memory size is less than 150GB for a single instance
=  TimesTen Scaleout enables you to add or remove instances in order to

= Two Data Space Groups, each on difference server control both performance and the storage capacity of your database
= High Availability *  Centralized management:
= Peer-to-peer design, K-safety data copies, application can connect to *  You do not need to log onto every host within a grid in order to perform
any node to access to the data, no matter where the data is management activities. Instead, you conduct all management activity

from a single instance using the ttGridAdmin utility.

ORACLE
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TimesTen Scaleout High Availability

 The number of data copies is decided by K-safety.
Currently K-safety 1 and 2 are supported. We set
K-safety to 2

DATAG
RACLE'

T

* Application can connect to any node to read or
write data, no matter where the data is

DATA3

| ORACLE!
| Tim ale

 Queries on one node can be broadcasted to any
other node to execute

ORACLE
TimesTen Scale

ORACLE
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Pingan High Availability scenarios

« While multiple data nodes
crashed in a cluster, as long as P |emme
one data copy remains available, =
no impact to applications

Data Space Group 1

Data Space Group 2

« If the entire replicate set is not
available, application still can
access the data in the remaining
replicate set if explicitly
configured

ORACLE
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TimesTen ScaleQOut

ORACLE

TimesTen Scaleout

DATA2
ORACLE

TimesTen Scaleout

ORACLE'
TimesTen Scaleou

DATA4

ORACLE
TimesTen Scaleout

=

Repset 2

ORACLE

" 3.813,18

3,7,11,15,19

DATAS

ORACLE'
TimesTen Scaleout

DATAG

ORACLE’
TimesTen Scale

2 J

Repset 3

" 491419

4,8,12,16,20

DATA7

ORACLE
TimesTen Scaleout

DATA8

ORACLE

TimesTen Scaleout

5101520

DATA9
ORACLE’

TimesTen Scaleout|

DATA10
ORACLE

TimesTen Scaleou

The data in Pingan Tele-sales system grows rapidly, we need to
increase the capacity periodically. The scalability of TimesTen
Scaleout is much more stronger than TimesTen classic.

In TimesTen Classic, it is cumbersome to scale out or down:

« Add nodes

« Redefine the data distribution mechanism and modify the
distribution rule in the application

« Manually migrate the data following the new rule

It is easy to use TimesTen Scale to scale out
« Add nodes
« Manually kick start the re-distribution

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |




3 Partitioning Methods

Distribution challenges:

« Tens of million rows in a single table
« Many reference relationships

« Base tables with small data volume

3 Partitions Methods in Scaleout

« Duplicate : Base tables

« Hash : Large tables

« Reference : Eliminate the cross-
shards query

« Hash and Reference work together

ORACLE

— Duplicate

A

— Hash
— Reference
DEP_ID DEP_NAME EMP_NO EMP_NAME DEP_ID
1 DEP1 100001 Jason 1
2 DEP2 100002 Ada 2

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |




Comparison between TimesTen Classic and TimesTen Scaleout

Pros Cons

« Support real-time, high throughput OLTP applications Performance drops a bit

for multi-values and range
scan after sharding the
data

« Complicated SQLs can be run in parallel

« SQL-Compliant, Distributed In-Memory RDBMS

« Multiple data replicas designed for High Availability

« Highly compatible with Oracle, easy migration to Scaleout

« Checkpoint and Transaction Log for durability on every node

« Multiple Partitioning Methods (Hash, Reference, Duplicate)

ORACLE
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What we expect for TimesTen Scaleout

Provide support for PLSQL packages, procedures and functions

Support Cache Group like in TimesTen Classic, easy to sync data between
TimesTen Scaleout and Oracle

« Support other distribution methods like Range and List
« Currently Duplicate, Hash and Reference are supported

Copyright © 2018, Oracle and/or its affiliates. All rights reserved. |
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