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GridGain for high-performance loT
— Scalability & Resilience

— Storage & Caching

— Hybrid Workloads (HTAP)

— Streaming & CEP
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The loT Timeline

* 2010: Micro-controllers & smart devices | THE |NTEHNET UF THINGS -y .
« 2013: Wearables & home automation ‘ e
3ABB|LL|E§

« 2018: 50% internet traffic from things -
. 2018: 100M Wearable device shipments MMN% — N
»  2020: Over 30 bilion connected things e T

| M @) e
« 2024: Internet of flying things '

I’ Ying thing fl_.'.'ﬁpu,uuu» ":?F'FF'HF T INCEFTION Q)

« 2025: All cars connected to the internet . . o —"
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loT Landscape 2016
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Popular loT Use Cases

* Smart Homes:
*  Smart meters & home automation
* Wearables:
4w,
* Clothes, watches, find-my-keys &Y
* Virtual & Augmented Reality & HCI
* Manufacturing, Retail & Industrial use:
* Sensory tracking for production line monitoring
* Transportation:

Anytime
Any Context

The

INTERNET
'THINGS e

Any Business

Any Path

* Intelligent traffic control Ay Netuor
*  Self-driving vehicles :

© 2016 GridGain Systems, Inc. s\w GridGaini;i



loT Challenges

 Scale: Billions of connected devices

Anytime
Any Context

*  Speed: High-frequency operations and transactions 3"y

The

INTERNET
'THINGS e

Any Business

* Distribution: Any place & anytime (geo-distribution)

« Security: Privacy Protection

* Omni-channel: Any device & any path (omni-session)

Any Path

* Variable Workloads: Analytical & Transactional Ay Network

© 2016 GridGain Systems, Inc. s\w GridGaini;i
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Typical loT Architecture

(9P
JJ

Multi-site deployment

High-speed distributed cloud
server-side infrastructure

Direct device integration High-speed Device integration through

through TCP/UDP Gateway gateways using NFC, RFID etc.

“Things” & devices

Sigiite  GridGain/-a



loT Reference Architecture

Web / Access Portal Dashboard External API

Event Processing & Analytics (HTAP)

Aggregation Layer
(ESB / Message Broker / Gateway)

Communications (HTTP / MQTT / NFC / WiFi / Ethernet)

—
-
)
-
)
O
©
C
©

=
n
n
)
O
@)

<
od
>

o

-+
-
)

O

Device Manager
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Lambda Architecture

Real-time
g Transactional
Processing

 High-speed
Layer

3 Back End ‘
Al

Front-end users accessing a back-end users accessing a business
distributed multi-facet service Analytical insights and system maintenance
Storage / Processing metrics

Batch Layer

Transactional & Analytical
workloads

© 2016 GridGain Systems, Inc. S\W GridGaini;a



Lambda Architecture for loT

Transactional
& Analytical
Workloads

Fast
Analytics

External

Event
Processing

Streaming
Data

Al
APls -‘

Device
@l Integration

Transactional & Analytical Back-end users, third-party clients
workloads and devices

Things accessing a high-speed
distributed multi-facet service

© 2016 GridGain Systems, Inc. s\w GridGain:’;i



Hybrid Transaction / Analytical Processing (HTAP)

Transactional .
& Analytical

Workloads -

External

APIs -

Streaming
BEI

* Device
Transactional & Analytical workloads Integration

Persistency

Things accessing a high-speed
distributed multi-facet service

Event Processing
Back-end users, third-party clients

and devices

© 2016 GridGain Systems, Inc. S\l@"te GridGain:’ii



Hybrid Transaction / Analytical Processing (HTAP)

‘ ‘ Hybrid transaction/analytical processing will
empower application leaders to innovate via greater
situation awareness and improved business agility.
This will entail an upheaval in the established
architectures, technologies and skills driven by use
of in-memory computing technologies as enablers.

Gartner 2014

© 2016 GridGain Systems, Inc. S\lw‘| e GridGaini;i



The SMACK Stack

Fast Analytics
Data Sources,
Files, DB extracts read the data
Batched Data D write the model
| = Distributed
| > . Data Store
l I o iread the model
Real Time APls
Streaming Data ol  Event Processing -

L)
{ " vjc ..

Alerts and Notifications

© 2016 GridGain Systems, Inc. §§~‘e GridGaini;i



High-Speed Data & Compute Layer

Transactional
& Analytical
Workloads

Streaming
Data

* Device
Transactional & Analytical workloads Integration

Persistency

Things accessing a high-speed
distributed multi-facet service

Event Processing
Back-end users, third-party clients

and devices

© 2016 GridGain Systems, Inc. s\w GridGaini;i



What is an IMDF?

Data Grid ompute
Grid

)

Streaming Hadoop

ﬁ Acceleration
Data

d\f Structures

(PR
Advanced File :
Clustering System e Events

sets In near real-time.

© 2016 GridGain Systems, Inc.

High-performance distributed in-memory platform
for computing and transacting on large-scale data

Sighlte  GridGain/-a



Web-session
clustering
Distributed caching
In-Memory SQL

/

5

Fault Tolerance
Multiple backups
Cluster groups
Auto Rebalancing

y

© 2016 GridGain Systems, Inc.

-

IMDF Use Cases

HPC

Machine learning
Risk analysis
Grid computing

N

N

—

\.

HA API Services
Scalable
Middleware

!

™

. Y
» Real-time
Analytics
» Big Data
t Monitoring tools
y
,'

V4

—re—
PR
L HEIYENACHE ¢
.',.

1TCSUGInnng ’
Houl -

&

| es——

~
» Big Data
» Realtime
Analytics
» Batch processing
\ »
<
/

Distributed In-
Memory File
System

Node2Node &
Topic-based
Messaging

» Complex event
processing

» Event driven
design

\.

» Distributed
queues

» Atomic variables

» Dist. Semaphore

O S
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GridGain In-Memory Data Fabric

en+erprise

s jgtle gacia =L applications - Supports Applications of
4 4 ‘ /A __— I\/arious types and
’ “ anguages
e APP : PP
JAVA APP CHt APP MHABDOP * Open Source — Apache 2.0
. NET SQL - PRedues Simple Java APls
NV 77 = Y [ 7 (N - 1 JAR Depend
oA Sremmam | e
IN-MEMORY fy%%-%mrmj% - Automatic Fault Toerance
DATA FARRIC 4= Yool - AR =77 R )7/ A e 7 - Management/Monitoring
/””“ ly,..ﬁ .@E"%W ﬁﬂﬁﬁW Runs on Commodity Hardware
* Supports existing &
/ﬁ/’x /& /\(H;j —  newdata sources
saL l |lS_QL/} ME + No need to rip & replace
Structured Unstructured Andlytics/BI
OLTP OLAP

© 2016 GridGain Systems, Inc.
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Apache Ignite & GridGain

Contributors per Month

* 2007: First version of GridGain p
* Oct. 2014: GridGain contributes Ignite to ASF

November 2015

* Aug. 2015: Ignite Is the second fastest P L
project to graduate after Spark
* Today: Languages
» 60+ contributors and rapidly growing . D
» Huge development momentum - UnesofCod: o
Estimated 192 years of effort since the first —
commit in February, 2014 openhun) s Conpeete 7S
* Mature codebase: 700k+ SLOC & more
than 16k commits e oo

© 2016 GridGain Systems, Inc. s\'&-‘e GridGaini-i


https://www.openhub.net/p/apache-ignite/
https://www.openhub.net/p/apache-ignite/estimated_cost
https://www.openhub.net/p/apache-ignite/

GridGain solves the loT Challenges

* Scale

;8
10

GridGain

- Speed
* Distribution

*  Security

*  Omni-channel

NSRS S SN

* Variable Workloads

Sighlte  GridGain/sa



High-Speed Data & Compute Layer

P
g Transactional

T
Compute
€lgle

& Analytical
Workloads

o
g |

p
’t.- External

Al
Data Grid AR -

Device
External Integration

Things accessing a high-speed Persistency
distributed multi-facet service

Streaming
Data

Transactional & Analytical Back-end users, third-party clients
workloads and devices

© 2016 GridGain Systems, Inc. s\w GridGaini;i



Scalability & Resilience with GridGain

Transactional
& Analytical
Workloads

Fast
Analytics

'."A

Event External

Streaming
Data

Message b s ‘
o Bl Processing IHE APIs Y

Device
Integration

Transactional & Analytical Back-end users, third-party clients
workloads and devices

Things accessing a high-speed
distributed multi-facet service

© 2016 GridGain Systems, Inc. éw GridGain i;i



Data Grid: Partitioning, Scalability & Resilience

®<—0 ©

. /J?rlmqty | L Primary | 0 'p/nmq,y Primary

000 PO o |®

| Local Client Eeeyp EEE D Local Client Backup Backup

R ML VM2 - v Y

@< @< =

0<—@® @® © 0<—®@ ®
@ D _ 7 l?rimary _ b _Primary @ D Primary
e o ®00® ®@®0O it ©

Client VM Backup Bockup C Client VM Backup Backup

VM3 M4 M3 M4

© 2016 GridGain Systems, Inc.

Replicated Cache

Partitioned Cache

S1gikte  GridGain/sa




Data Grid: Tiered Memory & Local Store

GRIDGAIN
TIERED STORGMAGE MODEL
* Tiered Memory o .
. LATENCY
* On-Heap -> Off-Heap -> Disk
* Persistent On-Disk Store
p :aSt :%eCOvery ’ LOCOL SWAR SPACE
* Local Data Reload L
* Eliminate Network and Db impacts when Paw < o
reloading in-memory store | CAPACTY
RES:’g;?':BLE
STORE

© 2016 GridGain Systems, Inc. s\'g'-.e GridGaini-ﬁ



Data Grid: Data Center Replication

*  Multiple (up to 32) Data

Centers

*  Complex Replication

echnologies

* Active-Active & Active-Passive

« Smart Con
* Durable Pe

Automatic

© 2016 GridGain Systems, Inc.

-
=

ict Resolution

rsistent Queues

"hrottling
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Storage and Caching using GridGain

Transactional
& Analytical

Workloads

External

Al
APIs &

Device
@l Integration

Transactional & Analytical Back-end users, third-party clients
workloads and devices

Streaming
BEI

--------------------------------
*

Things accessing a high-speed
distributed multi-facet service

o *
-------------------------------

© 2016 GridGain Systems, Inc. S\l@"te GridGain:’ii



In-Memory Data Grid

* JCache (JSR 107)

— Basic Cache Operations

— Concurrent Map APls

— Collocated Processing (EntryProcessor)
— Events and Metrics

— Pluggable Persistence

* Ignite Data Grid
— Distributed Key-Value Store
— Fault Tolerance and Scalability
— ACID Transactions
— SQL Queries (ANS| 99)
— In-Memory Indexes
— Automatic RDBMS Integration

Server Server Server

© 2016 GridGain Systems, Inc. sme GridGaini;a



Data Grid: External Data-store Integration

 RDBMS & NoSQL support

* Read-through & Write-through

»  Support for Write-behind

»  Configu

rable eviction policies

* DB schema mapping wizard:
Generates all the XML

configuration and Java POJOs

© 2016 GridGain Systems, Inc.
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Data Grid: Cache APIs & Queries

* Predicate-based Scan Queries

’/ Find only persons earning more than 1,000.
try (QueryCursor cursor = cache.query(new ScanQuery((k, p) -> p.getSalary() > 1000)) {

* Jext Queries based on Lucene indexing it eserinaon:

}

// Query for all people with "Master Degree"” in theilr resumes.
TextQuery txt = new TextQuery(Person.class, "Master Degree™);

* Query configuration using annotations,
Spring XI\/”_ Or Simple \Java COde try (QueryCursor<Entry<Long, Person>> masters = cache.query(txt)) {
for (Entry<Long, Person> e : cursor)

\ System.out.println(e.getValue().toString());
«  SQL Queries :

*  Memcached (PHP, Java, Python, Ruby) A e i v i

indexes.add(new QueryIndex("id"));

/** Person ID (1ndexed). */ indexes.add(new QueryIndex("orgId"));
() I— | | P REST AP' @QuerySquield(mdex — true) indexes.add(new QueryIndex("salary"));
private long 1id;
« JDBC

queryEntity.setIndexes(indexes);

© 2016 GridGain Systems, Inc. 5\5‘9 GridGainf;a



Fast Analytics & Mixed Workloads using GridGain

Transactional
& Analytical

Fast
Analytics

Workloads

External
APIs

Device
Integration

Transactional & Analytical Back-end users, third-party clients
workloads and devices

Al

Al

Streaming
Data

Things accessing a high-speed
distributed multi-facet service

© 2016 GridGain Systems, Inc. s\w GridGain:’;i



Data Grid: Ad-Hoc SQL (ANSI 99)

* ANSI-99 SQL
*  Always Consistent
* Fault Tolerant

* |In-Memory Indexes (On-Heap & Off-
Heap)

- Automatic Group By, Aggregations,
Sorting

* (Cross-Cache Joins, Unions, etc.
«  Ad-Hoc SQL Support

© 2016 GridGain Systems, Inc.

IgniteCache<Long, Person> cache = ignite.cache("mycache");

// SQL join on Person and Organization.
SglQuery sql = new SqlQuery(Person.class,

“from Person, Organization "

+ "where Person.orgld = Organization.id “

+ "and lower(Organization.name) = lower(?)");

// Find all persons working for Ignite organization.
try (QueryCursor<Entry<Long, Person>> cursor = cache.query
(sql.setArgs("Ignite"))) {
for (Entry<Long, Person> e : cursor)
System.out.println(e.getValue().toString());

Sigite  GridGain/a



Data Grid: SQL Cross-Cache GROUP BY Example

IgniteCache<AffinityKey<UUID>, Person> cache = ignite.cache("persons");

// Query to get salaries grouped by organization.
SqlFieldsQuery qry = new SqlFieldsQuery(
"select org.name, avg(salary), max(salary), min(salary) " +
"from Person, \"Organizations\".Organization as org " +
"where Person.orgld = org.id " +
“"group by org.name " +
"order by org.name");

QueryCursor<List<?>> cursor = cache.query(qry);

List<List<?>> res = cursor.getAll();

© 2016 GridGain Systems, Inc. sw GridGainiﬁ



Data Grid: Transactions

try (Transaction tx = transactions.txStart()) {
° FU”y ACID Integer hello = cache.get("Hello");

* Support for Transactional & Atomic if (hello == 1)

cache.put("Hello", 11);

 (Cross-cache transactions

cache.put("World", 22);

*  Optimistic and Pessimistic

tx.commit();

concurrency modes with multiple y
iSOla’[iOﬂ |eve|S IgniteTransactions txs = 1gnite.transactions();
° Dead|ock protection // Start transaction in optimistic mode with repeatable read is

olation level.
Transaction tx = txs.txStart(TransactionConcurrency.OPTIMISTIC,

R \JTA lntegrathn TransactionIsolation.REPEATABLE_READ);

© 2016 GridGain Systems, Inc. $l§‘e GridGaini;a



Event Processing using GridGain

Transactional
& Analytical

Workloads

External

Al
APIs &

Device
@l Integration

Transactional & Analytical Back-end users, third-party clients
workloads and devices

Event
Processing

Streaming
BEI

Things accessing a high-speed
distributed multi-facet service

© 2016 GridGain Systems, Inc. s\w GridGaini;i



Data Grid: Continuous Queries

* EXecute a query and get notitied
on data changes captured in the
filter

* Remote filter to evaluate event
and local listener to recelve
notification

*  Guarantees exactly once delivery
of an event

© 2016 GridGain Systems, Inc.

IgniteCache<Integer, String> cache = ignite.cache("mycache");

// Create new continuous query.
ContinuousQuery<Integer, String> gry = new ContinuousQuery<>();

// Optional initial query to select all keys greater than 10.
qry.setInitialQuery(new ScanQuery<Integer, String>((k, v) -> k > 10)):

// Callback that 1s called locally when update notifications are received.
qry.setlLocallistener((evts) ->

evts.stream().forEach(e -> System.out.println("key=" + e.getKey() + ", val="
+ e.getValue())));

// This filter will be evaluated remotely on all nodes.
'/ Entry that pass this filter will be sent to the caller.
qry.setRemoteFilter(e -> e.getKey() > 10);

// Execute query.
try (QueryCursor<Cache.Entry<Integer, String>> cur = cache.query(qry)) {
// Tterate through existing data stored 1n cache.
for (Cache.Entry<Integer, String> e : cur)
System.out.println("key=" + e.getKey() + ", val=" + e.getValue());
// Add a few more keys and watch a few more query notifications.
for (int 1 = 5; 1 < 15; 1++)
cache.put(i, Integer.toString(i));
}

Sigilte  GridGain/sa



Event Processing using GridGain

Y 7 7
N\ N\ N\

Payment Validator Payment Verifier Payment Processor

IR S
I Cache —

*  (Create chains of event processors & transform an object through various states

*  Synchronous or asynchronous execution of remote filters & listeners with thread
control

© 2016 GridGain Systems, Inc. S\w GridGainf;a



Event Processing using GridGain

@IgniteAsyncCallback
private static class NewPaymentsLocallListener implements
CacheEntryUpdatedListener<int, BinaryObject> {
@0verride public void onUpdated(
Iterable<CacheEntryEvent<? extends int, ? extends BinaryObject>> evts)
throws CacheEntryListenerException {
// Reference to cache.
IgniteCache<int, Payment> cache = Ignition.ignite().cache("myCache");
for (CacheEntryEvent<? extends int, ? extends BinaryObject> evt : evts) {
Payment payment = evt.getValue().deserialize();
System.out.println("New payment is processed [paymentId=" +
evt.getKey() + ", payment=" + payment + ']');
Payment verifiedPayment = new Payment(
payment.getAmount(),
PaymentStatus.VERIFIED);
cache.put(evt.getKey(), verifiedPayment);

}
H
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In-Memory Streaming and CEP

Ignite Cache 1. Process Streamed Data
Data Nodes in Parallel on all Nodes

« Streaming Data Never Ends W

» Branching Pipelines 4 \

» Pluggable Routing i = e

+ Sliding Windows for CEP/ Ty
Continuous Query

* Real Time Analysis

CVENT 1 ‘ EVENT 2 H EVENT 3 N venry |
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* Direct A
* Direct A

In-Memory Compute Grid

°| for MapReduce

2| for ForkdJoir
* Zero Deployment /zgj—w
* Cron-like Task Scheduling —— _ &=

* State Checkpoints

» Load Balancing /Q—>Dm3

*  Automatic Failover

* Full Cluster Management

* Pluggable SPI Design COMPUTE
GRID

© 2016 GridGain Systems, Inc.
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In-Memory Compute Grid

Distributed Closures

* Java lambda expressions
(JSR 335)

Distributed
—xecutorService

SyNc or Async
Task Deployment (GAR)

© 2016 GridGain Systems, Inc.

// Execute closure on all cluster nodes.
Collection<Integer> res = compute.apply(
String::length,
Arrays.asList("How many characters”.split(" "))

s

// Add all the word lengths received from cluster nodes.
1nt total = res.stream().mapToInt(Integer::intValue).sum();

// Limit broadcast to remote nodes only.
IgniteCompute compute = i1gnite.compute(ignite.cluster
().forRemotes());

// Print out hello message on remote nodes in the clust
er group.

compute.broadcast(() -> System.out.println("Hello Node:
"+ 1gnite.cluster().localNode().1d()));

// Iterate through all words and print
// each word on a different cluster node.
for (String word : "Print words on different cluster no
des".split(” "))
// Run on some cluster node.
compute.run(() -> System.out.println(word));
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Data Grid: Distributed Data Structures

© 2016 GridGain Systems, Inc.

Cou
‘omicL.ong

‘omicSequence
‘'omicReference

/Z&(
/Z&(
/z&(

SRR,

S
S

tributed Map (cache)
ributed Set
ributed Queue

ntDownlLatch

Distributed
ExecutorService

Ignite 1gnite = Ignition.ignite();

CollectionConfiguration colCfg = new Colle
ctionConfiguration();

colCfg.setCollocated(true);

// Create collocated queue.
IgniteQueue<String> queue = 1gnite.queue
("queueName", @, colCfg);

// Initialize atomic long.
final IgniteAtomicLong atomicLong = ignite.atomic
Long("atomicName"”, @, true),

// Increment atomic long on local node.

System.out.println("Incremented value: " + atomic
Long.incrementAndGet());

IgniteAtomicLong atomicLong = ignite.atomicLong(

"atomicName"”, // Atomic long name.
9, // Inittial value.
false // Create 1f 1t does not exist.

Sigilte  GridGain/sa



In-Memory Service Grid

* Singletons on the Cluster
— Cluster Singleton I ﬁ"i = =[
' ua' e il 7 y V
— Node Singleton gl s T
—  Key Singleton 8 — &l — B
o w (0

 Distribute any Data Structure
— Available Anywhere on the Grid
— Access Anywhere via Proxies

*  Guaranteed Availability
— Auto Redeployment in Case of Failures

Node Singleton Cluster Singleton

Slignite  GridGain/«a
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In-Memory Service Grid

* Resilience - Build an in-memory T -
resilient service layer between your A T 1 | 1
client application and the grid i' } l AN l = j

*  Encapsulation - Only expose | 1 1 1
application APIs and not direct grid <
APIs

*  Service Chaining - Call services
internally via compute tasks to create
service chains
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Spark Integration: Shared RDDs & Improved SQL

. IgniteRDD Spark Application s
— Share RDD across jobs on the host i[ 1 :[
— Share RDD across jobs in the B | B I |
application

— Share RDD globally
* Faster SQL

— In-Memory Indexes
— SQL on top of Shared RDD

~Ignite Node

Server Server
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Deployment: Infrastructure Integration

Docker
Amazon AWS
Google Cloud

Apache JClouds
Mesos

YA

Apache Karafe (OSGi)

© 2016 GridGain Systems, Inc.

SN
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& amazon
web services™
docker

Google Cloud Platform
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loT Reference Architecture

GG Visor & WebConsoIe, GG WebConsole > GG Service Grid
= Dashboards i.’: External APls

”

Access Portal P

GridGain Compute & Data Grid
Event Processing & Analytics (HTAP)

Aggregation Layer
(ESB / Message Broker / Gateway)

Communications (HTTP / MQTT / NFC / WiFi / Ethernet)

)
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Device Manager
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GridGain delivers next generation loT Platform

’
;" Transactional
a0 -
al & Analytical
Compute Workloads -
Grid
’
’
i.: External ‘
' APIs
Data Grid -
Streaming
Data
Device
External |l Integration
Things accessing a high-speed Persistency
distributed multi-facet service

Transactional & Analytical Back-end users, third-party clients
workloads and devices
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GridGain delivers next generation loT Platform

 Scale

;8
10

GridGain

* Speed

* Distribution

*  Security

*  Omni-channel

NSRS S SN

* Variable Workloads
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Thank You!

Author: Christos Erotocritou

Thank you for joining us. Follow the conversation.

WWW.gridgain.com

@gridgain
#gridgain
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http://www.gridgain.com

