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About Me

Per Minborg

e Alumni speaker: JavaOne, DevNexus and Oracle Code
Writer: Modern Java, Oracle Java Magazine, DZone, blog
Inventor, entrepreneur: Speedment

Silicon Valley, Gothenburg
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Ultra-Low Latency =200 ns






Why Are Applications Slow?

1. Slow Databases
Data on Several Nodes and no Affinity Across Data

Data is Remote

Unnecessary Object Creation / Garbage Collect Problem

b BY B

Lack of Parallelism



Slow Databases

Data grows exponentially, which clogs systems
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Several Nodes/no Affinity Across Data




Several Nodes/no Affinity Across Data




Several Nodes/no Affinity Across Data

HE AA
HE AA

HE AA

2=10 2=20



Several Nodes/no Affinity Across Data
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Several Nodes/no Affinity Across Data
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Several Object Types/Nodes/no Affinity Across Data

HAG®M HENEN
®oANRO @ @ HEENAP

e
®
ONO






Several Nodes/no Affinity Across Data




Data is Remote: Laws of Nature
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Data is Remote: Operating System

1-3 Us




Unnecessary Object Creation

|




Unnecessary Object Creation
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Unnecessary Object Creation

private Map<Integer, Film> createMap() {
return LongStream.range(©, (int) 1E9)
.mapToObj(Main: :createFilm)
.collect(
toMap (
Film::getFilmId,
Function.identity()

);



Unnecessary Object Creation

e Objects
o  Many extra objects such as Integer and Map.Entry are created
o  Subject to overhead and byte alignment
o Long expected lifetime leads to repeated evaluation by GC
o Difficult to retrieve objects (except for key/value), e.g. films longer than 60 s

e TreeMap for each field adds to the overhead

e gcExecutionTime(#objects) is not linear



Unnecessary Object Creation

Collection Time [s] vs. Heap Size [GB]

Collection Time [s]
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Unnecessary Object Creation

To write a single Java object to main memory takes 200 ns
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red objects is not ultra-low latency



Lack of Parallelism

$ nproc -all
32

$ top

PID USER %CPU  %MEM
2105 java 100.06 5.4
1 root 0.5 0.4



The Solution:

IVM-Memory

What is that...?



In-Memory vs. In-JVM-Memory

In-Memory In-JVM-Memory

Data is in RAM Data is in RAM

The application is remotely The application and
connected to a grid, other data resides in the same
machine, other process JVM

Application




In-JVM-Memory Makes Ultra-Low Latency Possible

CPU Cache Latencies
L1~0.5ns
L2 ~Tns
L3 ~20ns

64-bit Main Memory Read
~100 ns




In-Memory vs. In-JVM-Memory: Performance
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n-JVM-Memory
Scalability

Is that even possible...?






Scaling up In-JVM-Memory

TOday: Scale up tO 12 TB (Intel® Xeon® Processor E7-8855 v4 * 4)

Instance Name Logical Processors | Dedicated EBS Bandwidth | Network Bandwidth
u-6tb1.metal

pErp— g

Soon: Scaleupto 48 TB



Scaling up In-JVM-Memory

Change Instance Tvpe
tl.micro
m3.medium
m3.large
Instance Type RALEEETT

m3.2xlarge

ml.small

ml.medium

ml.large

ml.xlarge Cancel m

c3.large

c3.xlarge

c3.2xlarge

c3.4xlarge

c3.8xlarge

cl.medium

cl.xlarge

m2.xlarge

m2.2xlarge

m2.4xlarge

hsl.8xlarge

Instance ID

ied (Additional charges apply.)




Increase Memory in the Cloud as You Grow

General Belief

1000.0

750.0
=
~

Ur 5000
=
(%)
(o]
O

250.0

0.0

Fact

500

1,000

1,500 2,000 2,500

Internal RAM [GiB]

(13 b
AWS “xle.Nxlarge
30.0
20.0
=
~
wr 13.3
7 °
(e}
(@)
10.0 —
0.7
o o
2.9
08 7 s
0.0 = °
3,000 3,500 500 1,000 1,500 2,000 2,500 3,000 3,500

Internal RAM [GiB]



What if | Have More Than 12 TB?

America EMEA Asia

emory Mapping

High Level Sharding

Per year, region, segment

(e.g. IMDT) RAM ssp
In-JVM-Memory Solution

Add-on for your current solution ‘ 12 TB
for part of your data



What if My Data Grows?

== JVM RAM Size [GB] == Your Data [GB]
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In-JVM-Memory vs. In-Memory Performance

Data with 75% correlation

== |n-JVM-Memory == Grid (25 GB/node)

100%
75%

50%

Relative Performance

VASY/S

0% -
0 5,000 10,000 15,000 20,000

Size [GB]



Recap




In-JVM-Memory Makes it Possible




In-JVM-Memory Solution:
redment
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https://docs.google.com/file/d/1YcoWbhPBd2RIsyqYWj5uSMXy3zBGAVQd/preview

Speedment: In-JVM-Memory DataStore

 Continuously creates data snapshots from a
data source

- Places the copy within the JVM
- Off-Heap Data

« Off-Heap Indexing
* Operations O(1) or O(log(N))

« No Impact on Garbage Collect




Speedment: In-JVM-Memory DataStore




Speedment API: Java Stream ORM

java.util.stream.Stream



Speedment API: Java Stream ORM
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Speedment API: Java Stream ORM

Declarative Constructs in SQL and Stream

SELECT * FROM FILM
WHERE RATING = ‘PG-13°

.stream()
.filter(Film. .equal( ))



Process Data without Creating Intermediate Objects

.stream()
.filter(Film. .equal( ))
.count()



Process Data without Creating Intermediate Objects

.stream()
.filter(Film. .equal( ))
.collect(toJsonLengthAndTitle())



Speedment Can Process Data without Creating Intermediate Objects
.stream()
.filter(Film. .equal( ))
.collect(toJsonLengthAndTitle())




Speedment: Off-Heap Joins/Aggregations

var join = joinComponent
.from(FilmManager.IDENTIFIER)
.innerJoinOn(Language.LANGUAGE ID).equal(Film.LANGUAGE 1ID)
.build(Tuples: :of);



Speedment: Off-Heap Joins/Aggregations

var offHeapAggregator = Aggregator.builder(Result: :new)
.on(Film.LANGUAGE ID).key(Result::setlLanguage)
.on(Film.RATING) .key(Result::setRating)
.on(Film.LENGTH) .average(Result: :setAverage)
.build();



Speedment: Off-Heap Joins/Aggregations

= .stream()
.collect( )



Speedment: Parallel Processing

.stream()
.parallel()
.collect(



Speedment: Parallel Processing

$ nproc -all
32

$ top
PID USER %CPU  %MEM

2107 java 3170.0 5.4
1 root 0.5 0.4



Hands on Demo



Demo: Download Sakila Example Database

ece MySQL :: Other MySQL Docur x () Per-Ake

&« C' @ Secure https://dev.mysql.com/doc/index-other.html v 5 O

Title Download HTML Setup PDF Setup
DB Guide Guide

employee data (large dataset, includes data and test/verification Launchpad View UsSLtr | A4
suite)

world database Gzip | Zip View US Ltr
world_x database TGZ | Zip

sakila database TGZ | Zip US Ltr | A4
menagerie database TGZ | Zip

MySQL Help Tables

Title Version Download
MySQL Help Tables 8.0 Gzip | Zip
MySQL Help Tables 5.7 Gzip | Zip
MySQL Help Tables 5.6 Gzip | Zip
MySQL Help Tables 5.5 Gzip | Zip




Demo: Stream

@Benchmark
{
return .stream()
.filter (RATING_EQUALS PG 13)
.count()




Demo: Initialize the Project

SPEEDMENT INITALIZER pom.xml
Database T\/De MySQL PostgreSQL <?xml version="1.0" encoding="UTF-8"?>
xmlns="http://maven.apache.org/POM/4.0.0
MariaDB Oracle DB2 ¢si="http://www.w3.0rg/2001/XMLSchema-instanc:

AS400 o SQL Server sQLite chemalocation="http://maven.apache.org/POM/4.0

. 4.0.0
JDBC Driver 7.0.0.jre8
Version com.example
demo
. 1.0.0-SNAPSHOT
Java Version Java8 Java 10 s
jar

O Javall

Plugins Enums Spring org.springframework.boot

spring-boot-starter-parent
2.0.3.RELEASE-

In-memo
A O Enable Disable <!-- lookup parent from repository -

Acceleration

Groupld com.example
>UTF-8
. 11
Artifactld dEiwe e
7.0.0.jre8
Version 1.0.0-SNAPSHOT 3:1:22

DOWNLOAD

www.speedment.com/initializer



Demo: Connect to the Sakila Database

| JON | X Speedment

CONNECT TO DATABASE

Database Type |

Database Host ‘ 127.0.0.1
Username ‘ root
00000000

Password

Database Name ‘ sakila

- Use Connection URL




Demo: Generate the Domain Model

[ JOX ]
File Edit Window Help

Node Hierarchy Speedment settings for table 'film*
v [ sakila ~

X Speedment

salila Enabled
3] sakila
Table Name

actor
address Java Alias
category
city Package Name
country

customer

film_id
title
description
release_year
I language_id
original_language_id
rental_duration
rental_rate
length
replacement_cost
) rating
Al special_features
last_update
» 52 fk_film_language
» 52 fk_film_language_original
» B PRIMARY

» i idx_film_rating




Demo



Ultra-Low Latency (Lower is Better)

Stream Latency vs. JDK

200 -

150 -

100 -

Stream Latency [ns]

50 -

JDK 8 JDK 10 JDK 11 GraalVM (8)

Java Runtime



Use Existing Infrastructure



Easy Integration: Any Data Source
DATABASE AS/400°
PostgreSQL

MonaD Goog'eSheets ?SQthe SQLServer“

X Speedment

CONNECT TO DATABASE

Database Type

Database Host

nnnnn




Deploy Anywhere

i
«g BM Bluemix 25" amazon
we SerVICeS

ORACLE' * D .

docker Geogeciudratiom kubernetes




IDE Integration

& eclipse

N J NetBeans




Web Service Integration

' ORACLE
@ Spl’lf?q Weblogic Server ml.l/ rvaQrQ _ >

E@E,E gé\g <N o B ’
A%é; \/\/| ‘ CI FI‘I \Gr-;SSFi(Shq .:EyoRstat




Thanks!

E-mail
minborg@speedment.com

Free Trial:
www.speedment.com/initializer

%Speedment



http://www.speedment.com/initializer

But wait...

* What if | have a transactional application?

- How to pin down my app to a specific CPU?

« How does memory management work off-heap?

- | have data in a no-SQL database or on file?

* How does the snapshot affect application startup?

* If I stream over a kazillion objects, won’t my heap overflow?

* Does Speedment rely on C, C++ libraries or native code?



Speedment Can Process Data without Creating Intermediate Objects
.stream()
.filter(Film. .equal( ))
.collect(toJsonLengthAndTitle())




Outline

Objects on the Stack
Proper Performance Testing
Short-circuit Streams for Massive Performance Gain

Holding Terabytes of Data in the JVM with no GC impact

e B

Create Large Aggregations of Data without Intermediate Objects



In-JVM-Memory Makes Ultra-Low Latency Possible

CPU Cache Latencies
L1~0.5ns
L2 ~Tns
L3 ~20ns

64-bit Main Memory Read
~100 ns




Process Data without Creating Intermediate Objects

.stream()
.filter(Film. .equal( ))
.count()



