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N ...
Cos'e Apache Ignite

Apache Ignite & un framework che funge congiuntamente da:

opoche
@ piattaforma distribuita di elaborazione
o DBMS distribuito -

che sfrutta un cluster di nodi in grado di operare completamente in-memory.



Architettura fisica

Compute &
Data Nodes

=

Ignite
Cluster

@ @

©
@ @

Public & Private
Clouds

Meluzzi, Sutera

(OISl  Architettura fisica

Ignite adotta un'architettura di tipo
shared-nothing, caratterizzata dall’assenza di
un coordinatore che guidi gli altri componenti,
che sono invece tutti considerati come entita di
Connectors pari livello.
/ . .
4« | nodi che compongono la topologia ad anello
-« —G del cluster, in grado di trovarsi e collegarsi tra

di loro autonomamente grazie al meccanismo
A, . . . .
\\6 di discovery, possono essere di due tipi:

@ server: gestisce la memorizzazione dei
dati in cache e partecipa alle computazioni

@ client: consente di collegarsi da remoto ai
nodi server e di interrogarli
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Architettura di memoria

Esistono 3 diverse modalita con cui Ignite puo operare:

o Modalita memory-only: viene usata unicamente la memoria RAM sia per le
computazioni sia per la persistenza dei dati che vengono memorizzati in cache

e Modalita native persistence: viene utilizzato anche il disco, interno al nodo Ignite, per
memorizzare una copia dei dati delle cache

o Modalita external storage: in questo caso Ignite viene utilizzato come layer di caching
al di sopra di un database esistente



Data modeling

Livello fisico

A livello fisico, i dati vengono memorizzati (in cache e su disco) in formato binario.

Livello logico
A livello logico, & possibile scegliere tra 2 diverse rappresentazioni:

o Key-Value: i dati vengono rappresentati sotto forma di coppie chiave-valore. Supporta
operazioni di get, put e delete

@ SQL Table: i dati vengono rappresentati mediante tabelle simili alla corrispondente
nozione degli RDBMS
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Data modeling
Data partitioning

| dati memorizzati in cache vengono partizionati e
distribuiti tra i nodi del cluster tramite un'apposita

affinity function che si occupa da un lato di suddividere Kerveloe Coche pertens Hooe
i dati in partizioni, dall'altro di distribuire tali partizioni e ©
tra i nodi server. E possibile scegliere tra 2 diverse e ©
topologie di caching:

— > — -

o Partitioned: le partizioni vengono uniformemente
suddivise tra i nodi server, ciascuno dei quali puo L (0] L
opzionalmente memorizzare una o piu copie di
backup

R L. ) i Affinity

@ Replicated: le partizioni vengono interamente Function

replicate su ogni nodo server del cluster



DG T
Proprieta distribuite

Apache Ignite puo essere inquadrato attraverso le seguenti proprieta distribuite:

Elasticita: possibilita di scalare orizzontalmente in maniera illimitata
High Availability: possibilita di impostare copie di backup dei dati
Fault Tolerance: grazie ai backup e alla (opzionale) persistenza su disco
Safety: capacita di gestire in maniera trasparente le failure momentanee

Strong Persistence: grazie alla persistenza (nativa o esterna)

Teorema CAP: possibilita di comportarsi da sistema AP (in modalita atomica) o da
sistema CP (in modalita transazionale)



Indice

e Feature



Feature di Ignite

Multi-Tier Storage: Caching, Native Persisitence, External Storage
Distributed SQL

Distributed Transactions

Distributed Computing

Servizi

Machine Learning

Continuous Query

Real-Time Data Streaming

Messaging

Apache Hadoop Performance Acceleration

® © 6 6 6 6 o6 6 o o o

Apache Spark Performance Acceleration



Scenari di test

Indice

@ Native Persistence

@ Distributed SQL

e Scenari di test

@ Cachi
aching @ Distributed Computing

@ Continuous Query
@ Messaging



Caching - Scenario 1.1: partitioned vs. replicated

Scenari di test

Caching

gnite_test_scenarios-ignite_server MODE: partitioned MODE: replicated
te_test_scenari it : >>>  Server node IP address successfully stored in the volume. | >>>  server node IP address successfully stored in the volume.
ignite_test_scenarios-ignite_server-2 | MODE: partitioned | MODE: replicated
ignite_test_scenarios-ignite_server-2 | >>>  Server node IP address successfully stored in the volume. | >>>  Server node IP address successfully stored in the volume.
ignite_test_scenarios-ignite server-3 | MODE: partitioned ignite test scenarios-ignite server-3 | MODE: replicated
ignite_test_scenarios-ignite_server-3 | >»>  Server node IP address successfully stored in the volume. ignite_test scenarios-ignite_server-3 | >>>  Server node IP address successfully stored in the volume.
ignite_test_scenarios-ignite_server-4 | MODE: partitioned ignite_test_scenarios-ignite_server-4 | MODE: replicated
ignite_test_scenarios—ignite_server-4 | »»>  Server node IP address successfully stored in the volume.  ignite_test_scenarios-igniteserver-4 | >>>  Server node IP address successfully stored in the volume.
e ignite client-1 | Inserting time: 78763 ms enarios-ignite Inserting time: 97608 ms
nite_te enarios-ignite_client-1 | Reading time (bulk): 4467 ms x Reading time (bulk): 604 ms
nite_te ena te client-1 | Reading time: 117712 m r Reading time: 30452 ms
nite_test_scena client-1 | Updating time: 71759 ms ari, 1| Updating time: 66336 ms
cache cache
Time of the snapshot: 2023-83-16 15:48:45 Tine of the snapshot: 2623
| Nane(®) | Mods | Nedes | Total antries (Heap / Off-neap) | Primary entries (heap / Off-neap) | Wits | Misses | Reads | Weites | | Name(®) | Mode | Nodes | Total entries (Heap / OFf-heap) | Primary entries (Heap / Off-heap) | Hits | Misses | Reass | Writes |
| coche(ece) | PARTITIONED | 4 | 50600 (6 / 56000) | min: 12211 (0 / 1221) [ min: © | mini® fmini® | mini® | | cachelocd) | REPLICATED | 4 | 50980 (0 / 50000) | min: 10455 (0 / 10455) I : o |
I 1 i i 1 3vs: 200,00 (0,00 / 12500 | ava: 0.00 | avo: 0.00 | av: 000 | avo: 6.00 | | | i | | v 12500.08 (000 / 1250.08) | svp: .08 \ .v., - o \ m u o . m s ol
i i i i | mex: 1283 (6 / 12836) [ mori o mexio  Imaxie  [mee || i i i | max: 14061 (6 / 14051) i nax: 8
Cache ‘cache(@cd): Gache cach(6c9)  :
| vame (@) ache(eca) i | Name(0) I
| TS enceses hesp 1 ort-ness) | Sosee (o7 seeens i | Total entries thoap / ofr-ness) | Saass (o / ssose) |
I 14 i | Nodes. i i
| Totad size winsavgs 1 g2y smn.on 1 3283 | | Total size Hin/Avo/Max | 1oass / 12500.00 / 14061 |
| Heao size Min/avarkax 000 /6 i | Hoap size Min/Avo/Max / |
| OrPheny sire winsavgiex | 32513 S sasee.on / 12830 | | Offheap size Win/Ava/Mex | 10455 / 12609.90 / 1461 |
Nodes for: cache(6ce) Nodes for: cache(6cd)
|7 Wode 108(6), 17| CPUs | Heap Used | CPU Losd | Up Time | Size (Primery / Backum) | Hi/Mi/Ra/wE | |7 Node 108(0), 1p | CPUs | Hesp Used | CPU Losa | Up Time | Size (primary / Sackum) | Hi/Mi/Ra/WE |
| sosioasient), 172.26.0.2 | 4 | 8.26% | 6.8 % | To e e nic e i [oeszsshoa), gm0k | 4| BAix | .00 | secioish.ses | Toel: Gamee (i [seer |8 i
| i 1 | Weap: 8 (8 / n/2>) [wio i | | i | | Heap: 0 (8 / <n/e> | w i
| [ i | P heast 1285 (2836 / @) | B 6 i | [ i i | Off-keap: Sa060 (13576 / 36426) | R i
i [ | | Off-Hesp Memory: n/a> | we: 6 i i [ i | | Off-Heap Menory: <n/a> | wei o i
| oueracortone), 172.26.0.5 | 4 | 6.48 % I e et sz azses (0 ¢ ! | 62e7As62(6ne), 172.23.0.2 | 4 | 6.52 % | 5.10 % | 00:19:58.024 | Total: 50608 (10455 / 39545) i
| 1 1 i : | - | i | hesn: 0 (0 / en/a) i
i [ | | 1353 (12303 1 9 ° i | [ | 1 | Ortcienns saes iauss / s9545) i
i [ | | Grr-ten Hemary: ca/ss =2 i i [ i | | Off-Heap Menor) i
| e, 7z2kas |4 | nask Torals 12424 (12680 / &3 H ! [ossoonstont), 22005 |4 | S x| 10k | seisise s | Total: sewe (Gumer /) | i i
| [ | | | Hesn: 0 (0 / <n/a> | ui e i
i [ oty uzm /o) | ka0 i | . i i | Off-Heap: Sa060 (14s61 / 36939) | R © i
i i OfF-Hesp Menory: e | i i i i | Oftiieap Hemory: <n/a> fwie |
| emsatenn), 722004 14| 5uds % Total: azais aams { o) . ! ) L T e e VT i
o e i | [ | i <nia Iw i
i [ Off-Hesp: 12211 (12211 / ) | Ra: @ i | [ | | | sc000 (uvﬂ 7 380500 | i
i [ OFf-Heap Memory: n/a> e o i i i i | I i
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Of -Heap Memory:
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S
Caching - Scenario 1.2: on-heap vs. off-heap

‘ # entries cache operation OFF-HEAP ON-HEAP
B 283 229 © OFF-HEAP ON-HEAP
1k GET 115 66 100000 - : : : . :
UPDATE 99 116 ; i i i i i
PUT 642 823 i ; : : :
5k GET 168 115 10000 i i
UPDATE 108 158
PUT 809 825 z 00 i
10k GET 208 174 ° { : : ;
UPDATE 169 194 ‘é i i : i
PUT 1750 1775 3 . : :
100k GET 560 544 a ; : i
UPDATE 402 720 i i
PUT 7821 10211 10 | : :
1™ GET 3879 3829
UPDATE 3879 6151
Al 11593 22393 "k 5 10k 100k ™ 2M
2m GET 8801 13124 # entries
UPDATE 8327 13509



Caching - Scenario 1.3: binary mode vs. no-binary mode

ignite_test scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1

ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1

ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1

Meluzzi, Sutera
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Binary PUT operations time: 12783 ms

Binary GET operations time: 8019 ms

Binary UPDATE operations time: 13848 ms

Non Binary PUT operations time: 6719 ms

Non Binary GET operations time: 5221 ms

Non Binary UPDATE operations time: 11199 ms

Binary PUT operations time: 608879 ms

Binary GET operations time: 43936 ms

Binary UPDATE operations time: 90253 ms

Non Binary PUT operations time: 44555 ms
Non Binary GET operations time: 40393 ms
Non Binary UPDATE operations time: 87937 ms

Binary PUT operations time: 406156 ms

Binary GET operations time: 367410 ms

Binary UPDATE operations time: 889037 ms

Non Binary PUT operations time: 410028 ms
Non Binary GET operations time: 378006 ms
Non Binary UPDATE operations time: 802644 ms
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Caching - Scenario 1.4: cache group

ignite test scenarios-ignite server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3

ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-2
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3
ignite_test_scenarios-ignite_server-3

Meluzzi, Sute

t20:51:49j Data storage metrics for local node (to disable set 'metricslogFrequency’ to @)
[20:51:49] M-~ Off-heap memory [used=862MB, free=73.02%, allocated=2998MB]
[20:51:49] A-- Page memory [pages=218359]
[20:51:49] ~-- Ignite persistence [used=852MB]
[20:51:48] Data storage metrics for local node (to disable set ‘metricsLogFrequency’ to @)
A-- Off-heap memory [used=8@8MB, free=74.73%, allocated=2998MB]
A-- Page memory [pages=204499]
A-- Ignite persistence [used=798MB]
Data storage metrics for local node (to disable set 'metricsLogFrequency’ to @)
A-- Off-heap memory [used=823MB, free=74.27%, allocated=2998MB]
~_- Page memory [pages=208279]
A.- Ignite persistence [used=813MB]
Data storage metrics for local node (to disable set 'metricsLogFrequency’ to @)
: A-- Off-heap memory [used=8MB, free=100%, allocated=2998MB]
[20:57:36] ~-- Page memory [pages=25]
[20:57:36] A-- Ignite persistence [used=0MB]
[28:57:32] Data storage metrics for local node (to disable set 'metricslLogFrequency’ to 8)
[20:57:32] A-- Off-heap memory [used=35MB, free=98.88%, allocated=2998MB]
: A-- Page memory [pages=9025]
A-- Ignite persistence [used=35MB]
Data storage metrics for local node (to disable set 'metricsLogFrequency’ to @)
A-- Off-heap memory [used=8MB, free=100%, allocated=2998MB]
: ~-- Page memory [pages=25]
[20:57:37] A-- Ignite persistence [used=8MB]
Technology Know-How: Apache Ignite May 26, 2023
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Caching - Scenario 1.5: data rebalancing + Scenario 1.6: partition loss

NodeID -

D489D6SD

332C1FEA

13123564

Node 1D
D439D65D
AD628935
74£9B418
332CTFEA

13123564

test_scenarios-lgnite c

data has been lost) [
“est scanarios-ignite <13
data has been lost) [
e_test_scenarios

Cache Size

0

974

1026
Cache Size
0
24997
24226
25579
25198

-ignite_client-1

|
|
|
|
clie |
cacheName=myC:
|

NodelD e Node D\ Cache Size
04890650 o D439D65D 0
AD628935 o AD62B935 504
74E0R418 0 74698418 484
33201FEA 974 33201FEA 508
13123564 1026 13123564 504
NodelD Cache Size D e
A 25198 A 25198
i 28879 NiA 25579
D48ID65D 0 4850650 N
AD628935 24997 ADB28935 51749
7498418 75003 74E98418 48251
After node close
1
class on he. ignite. internal. processors. helnvali i

1ass org.apache. ignite.internal.processors. cac

ignite s

ache, p: . jestng.

ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1

cenarios-ignite_client-1

scenarios-igni ient-1
test_scenarlos-ignite client-1
test_scenarios-ignite_client-1

st_scenarios-ignite_client-1
test_scenarios-ignite_cl
ignite_client-1
ignite_client-1

scenarios

scenarios

scenarios-ignite_client-1
ignite_test_scenarios-ignite_client-1
1gni ios-ignite_client-1
ignite_test_scenarios-ignite_client-1
ignite_test_scenarios-ignite client-1
i arios-ignite_client-1
arios-ignite_client-1
enarios-ignite_client-1
ios-ignite_client-1
os-ignite_client-1

arios

ignite_cli
ignite_client-1

enarios

Before node close.
2]
1
2
3
4
5
6
7
8
9
C

losing..

After node close.

null
null

Vo NGO

Failed to execute the cache operation (all partition cwners have left the grid, par
ache, partition=3, key=UserKeyCacheGbjectInpl [part=3, val=3, hasValbytes=true]]

Technology Know-How: Apache Ignite

ne.CachelnvalidStateException: Failed to exacute the cache operation (all partition owners have left the grid, par
[part=4, val=, hasValBytes=false]]
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Native Persistence - Scenario 2.1 + Scenario 2.2: modalita WAL

WAL MODE: background

Inserting time: 411179 ms

[13:10:32] Ignite node stopped OK [nai

[13:16:33) Ignite node stopped OK [name=s2, uptime=t
vers gracefully closed

: " WAL MODE: fsync igni
Inserting time: 856962 ms

23] Ignite node stopped OK [name=si, uptime:
:23] Ignite node stopped OK [name=s2, uptime=
Servers gracefully closed

Lien 55> Servers restarted

Re-connection of server nodes succeeded. All cache entries have been restored.

:06:58.635]

Servers restarted
Re-connection of server nodes succeeded. All cache entries have been restored.

. WAL MODE: fsync (with WAL optimization)
Inserting time: 403283 ms

9] Ignite node stopped OK [name=s1, uptim 2.5491

: [13:30:10] Ignite node stopped OK [name=s2, uptine

" 5> servers gracefully closed

n >>>  Servers restarted

: Re-connection of server nodes succeeded. ALl cache entries have been restored.

ignite MODE: fsync
MODE: fsync
ent-1 Inserting time: 48896 ms
gnite_client-1 >>> Server nodes (simulated) crash is going to happen...
Disk copies of all cache entries are up-to-date. No data loss occurred following the simulated crash of the nodes.

ignite

igni MODE: background

MODE: background

Inserting time: 31256 ms

>>> Server nodes (simulated) crash is going to happen
Disk copies of all cache entries are up-to-date. No data loss occurred following the simulated crash of the nodes.

MODE: none

MODE: none

Inserting time: 18535 ms

>>> Server nodes (simulated) crash is going to happen...

Disk copies of the cache entries have not been set because of the simulated crash of the nodes. Data loss occurred.

igr € MODE: none
test_scenarios-ignite_server-2 MODE: none
arios-ignite € Inserting time: 17519 ms
arios-ignite ie >>> Gracefully deactivation of the cluster is going to happen...
t-1 Disk copies of all cache entries are up-to-date. No data loss occurred following the simulated crash of the nodes.




SICUETGIC RS Distributed SQL

Distributed SQL - Scenario 3.2: colocated vs. non-colocated

igni 1|+ cou

CowceRT oA

OCATED LOCAL SCAN QUERIES +++
entries
(concertId, name, concertbate, availableTickets) -

o >»> 13, Concerts, Sat May 16 03:16:34 GNT 2020, 70311
te_te >[5, Concerts, Sat Dec 29 22:33:26 GNT 2018, 9478]
e >>> 7, Concert7, Wed Sep 28 14:59:02 GNT 2022, 917
o TIGKET CABHE: o antr
o - - otld, typn, usertd, concertid)
te test s-ignite_se s o1 pase, 7
- T G s
> 120, super, 4, 3
e > 05, base, 2, 3 i
o >> 119, vip, 5, 3] ignite_tes igni
o - R O ) o cona
ignite test scenarios-ignite server-i | »»>  [4, base, §, 71 nite_test_scena .
>> (8, base, 4, 7] ite_test_scenarios-i
> 17, vip, '3, 7)

nite_test_scenarios-ignite_server-3

Meluzzi, Sute

+++ COLOCATED LOCAL SCAN QUERTES +++
CONCERT CACHE
(<on

TIOKET CAGHE: 5 et
(

> 1, vip,'9,'1]
> (29, base, 5, 21
> 14 base, 1, 4

> (10, vip, 0, 8]
5> (28, base, 1, 91
> 16, vip, &,

> 113, super, 7, 91
> 27, vip, 2,

5> 18, base, 8, 91
5> 117, base, 3, 91

5> (24, super, 5, 91

rtld, name, concertbate, availableTickets)
6, Concerts, Tue Sep 29 19:36:59 GMT 2020, 3158]

Scketld, wpc, userld, concertid)

s (3, vip, 7,

52 i) vip, 3, anite

> (25, sper, 9, 61 1 X

Sr o 0a) super, 0, )

Sa o lol base, 3, 6] anite :
| +++ COLOCATED LOCAL SCAN QUERIES +++ st_scensrios-ignit :
|| CONCERT CAGHE: 6 ontris test_scanarios-ignite_server-2
| (concert1d, n suitavteriokets) tost_sconarios-ignite_serv
[ 5 (o, Goncerto, Mo o Gise) fonite_test_scanacios-ignite_server-3
> (1, Concerta, K ! 4sps] igmite_test scenarios-ignite_server-3
55 (2! Concortz, Sun Jul 3 05:10 9122) 3
53> l4) Concerté, Tue Sep 18 11:47 . s6s0) 3
>[5, Concerts, Sat 7861

33 09 Concerts, Sun dun @6 02:47:06 ONT 2621, 4594

TICKET CAGHE: 16 entries

(ticketld, type, userld, concertld)

5> (26, base, B,

> L6, super, 9, 01

e b, 6, 8]

Technology Know-How: Apache Ignite

224 NON-COLOCATED LOCAL SOAN GUERIES 04
CONGERT CACHE: 3 encriss

ertla, name, concertate, avilsbleTickets)
1205, Concarts, Sot ey 16 89116134 ONT 2020, 7031

TIGKET GAGHE: § entries
(ticketld, type, userld, concertld)
6

> (25, super, 9, 6]
> (26, base, '8, 0]

+++ NON-COLOCATED LOCAL SCAN QUERIES +++
CONGERT CACHE: 3 entries

(Concertid, name, concertDate, availableTickets)
s3> Lo, oncert2, Sun 301 83 05:120:0
>[4, Concerts, Tue Sep 18 11:47
>>> (8, Concerts, Sat Aug 21 14:57:02 GHT 2021, 7861

11 entries

TICKET CAGHE:
(ticketId, type, userld, concertld)
7

> (23] vip, 7, 6]

+++ NON-COLOCATED LOCAL SCAN QUERIES +++
CONCERT CACHE: 6 entries
ertld, nane, concertbate, availableTickets)

55 n Sep 26 04:20:25 GHT 2016, 6496]
> GHT 2019, 46061
> 29 22:33:26 GMT 2018, 9478]
> ar 2026, 318)

59:02 GMT 2022, 9171
3 Goncerts) Sim Sum o6 oziivios our zesn. isvin

TICKET CACHE: 14 entries
(cickertd, type, userld, concertia)
)

>> (29, base, 5, 2]
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Distributed SQL - Scenario 3.2: colocated vs. non-colocated

NON-COLOCATED COLOCATED NON-COLOCATED COLOCATED NON-COLOCATED COLOCATED

‘ Sl (50, 5000) (50, 5000) (500, 50000) (500, 50000) O o000} BN (5000500000
2 2231 1135 2882 1941 9920 7284
4 2087 1319 5603 3120 22177 12440
6 3911 1897 6645 3749 41157 19143
© NON-COLOCATED (50, 5000) COLOGATED (50, 5000)
© NON-COLOCATED (500, 50000) COLOGATED (500, 50000)
so00o @ NON-COLOCATED (5000, 500000) © COLOCATED (5000, 500000)
37500
o
£
c
$ 25000
s
8
fn}
12500
I S R —°
o ——
0
2 4 6
# nodes



Distributed Computing - Scenario 4.3 + Scenario 4.2: checkpointing

" +++ COMPUTATION WITH CHECKPOINT +++

v >>>  Job will be failed over to another server node
’ i >>>  Computation restarted from checkpoint

i
igni st_scenarios-ignite_clier Primes numbers smaller than 500000 are 41538
ite_te cena nit er sample output: [2, 3, 5, 7, 11, 13, 17, 19, 23, 29]
gni c t ent Execution time: 211372 ms
J0B 4 (with simulated failure and checkpointing) - MAP - Checkpoint load time: 131 m:
308 4 (with sinulated failure and checkpointing) - MAP - Compute time: 68 m:
308 4 (with similated foilure and checkpointing) - MAP - Chockpoint save time: 616 m
>>> A (sinulated) node crash happened. Map job will be failed over to another node
i J0B 4 (with simulated failure and checkpointing) - MAP - Checkpoint load time: 197 m:
J0B 4 (with simulated failure and checkpointing) - MAP - Execute from checkpoint
gnite_ tes gnit J0B 4 (with simulated failure and checkpointing) - MAP - Checkpoint load time: 73 m:
gnite os-ignit J0B 4 (with simulated failure and checkpointing) - MAP - Compute time: 14 ms
ignit cenarios-ignite J0B 4 (with simulated failure and checkpointing) - MAP - Checkpoint save time: 250 m:
>>> A (sinulated) node crash happened. Map job will be failed over to another node
3J0B 4 (with simulated failure and checkpointing) - MAP - Checkpoint load time: 141 m:
J0B 4 (with simulated failure and checkpointing) - MAP - Execute from checkpoint
scenarios-ignite 1 308 & (with simulated failure and chackgointing) - WAP — Chackpolnt load tina: 256 me
scenarios-ignite | 308 4 (with sinulated failure and checkpointing) - MAP - Compute time: 39 m:
scenarios-ignite. | 308 4 (With simulated failure and checkpointing) - MAP - Checkpoint save time: 415 m
scenarios-ignite. | 2> A (sinulated) node crash happened. Map Job will be failed over to another node
scenarios-ignite | 0B 4 (with sinulated failure and checkpointing) - MAP - Checkpoint load time: 354 m:
scenarios-ignite_s | 308 4 (with sinulated feilure and checkpointing) - WAP - Execure from sheckpoint

ignite

>>>  Job will be failed over to another server node
+++ COMPUTATION WITHOUT CHECKPOINT +++

Primes numbers smaller than 500000 are 41538

Sample output: [2, 3, 5, 7, 11, 13, 17, 19, 23, 29
Execution time: 344648 ms

>>>  JOB 1 - MAP INPUT SIZE: 14747 - GRID SIZE: 3
0B 1 - split

- 0B 1 - split

308 1 - split

= >>> 0B 2 — MAP INPUT SIZE: 20265 - GRID SIZE: 3

J0B 2 - split
>>> 0B 3 - MAP INPUT SIZE: 20265 - GRID SIZE: 3

08 3 - spl.
08 3 - split

308 3 - spli

>>>  JOB 4 - MAP INPUT SIZE: 20265 - GRID SIZE: 3

J0B 4 (with simulated failure and checkpointing) - spli

J0B 4 (with simulated failure and checkpointing) - split
J0B 4 (with simulated failure and checkpointing) - split
sample output:
(doc, word): tf-idf
>>>  (purgatorio, dificio): 5.156707832250241E-6
>>>  (paradiso, occaso): 5.250186614659548E-6

>>>  (paradiso, voci): 6.0
>>>  (paradiso, deuropa): 1.4225439914122315E-5
> io, v )t 1.397;

>>>  (purgatorio, manco): 6.0

>>>  (purgatorio, inver): 8.0

>>>  (paradiso, cerchi): 0.0

>>>  (purgatorio, ovio): 0.0

>>>  (inferno, offensione): 5.163058085254244E~6

Execution time: 16442 ms
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Distributed Computing - Scenario 4.4: task-data colocation

lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1

lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client- 1
lignite_test_scenarios-ignite_cli

lignite_test_scenarios-ignite_client

lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1

lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1
lignite_test_scenarios-ignite_client-1

fgnite test_scenarios-ignite client-1
lignite_test_scenarios-ignite_clie

lignite_test_scenarios-ignite_client

ign
narios-ign ient-1
os-ignite_client-1
e_client-1 | >>>
ient-1

\concertwm 278 96), (Cuncextlaez a 00),

>>>

test_scenarios-ignite_client-1

arios-ignite_client-1
arios-ign

>>>

s ar
(Concert1001, 276.96),
ignite_test

(Concert1002, 8.00),
ios-ignite_clien

Output size:
~1 | Sample output: [(Concertd, 159.98), (Concertl, 91.60),

(Concert101, 111481.51), (Concert102, 10603.14), (Concert103, 16678.81), (Concertled, 104729.37), (ConcertleS

ent.
(Concert1e1, 111481.51), (Cun(ertl@l 106030.14), ((on:er‘t]B! 106678. m), (Concert104, 104729.37), (Concert105,

TOTAL PARTITIONS USED: 500

+++ TASK-DATA COLOCATION VERSTONS +++

>»>  KEY VERSION

Output size: 500

Sample output: [(Concertd, 107421.40), (Concertl, 101940.98), (Concertld, 111694.13), (Concert16e, 100823.30),

, 103813.62), (Concert106, 101779.89)]
Execution time: 354209 ms

>>>  NOT S(ALABLE PARTITION VERSION (PARTITION DEPENDENT)
Output size:
Sample out, [((Dn(ertﬂ 107421.40), (Concertl, 101940.98), (Concert18, 111694.13), (Concertle®, 100823.30),

103813.62), (Concert106, 101779.89)
Execution time: 300683 m:

>>>  PARTITION VERSION
Output size: 500

(Concert1e1, 111481.51), ((un(ertlel 106030. 14), ((on(er‘tiﬂ! 106678. m), (Concert164, 104729.37), (Concert105,

(Concert1003, 156.48), (Concert1@84, 30.99), (Concert1005, 110.98)]
Execution time: 57345 ms

(Cancertleaa 156.48),
Execution time: 23389 ms

Meluzzi, Sute

Sample output: [(Concertd, 107421.40), (Concertl, 101940.98), (Concertle, 111694.13), (Concertl6e, 100823.30),

(Concert101, 111481.51), (Concert102, 106030.14), (Concert103, 106678.01), (Concert104, 104729.37), (Concert19s, 103813.62), (Concert106, 101779.89)]

Execution time: 341626 ms

+++ WITHOUT TASK-DATA COLOCATION VERSION +++

Computation is going to be performed on this node (node ID: Sfc331da-4483-421-9bc6-ceS00bFBFAbF)
OU\:Dut size'

e output: [(Concert®, 107421.40), (Concertl, 101940.98), (Concertl, 111694.13), (Concert10@, 100823.30),

103813.62), (Concert106, 101779.89)]
Execution time: 46464 m:

1| TOTAL PARTITIONS USED: 1024

+++ TASK-DATA COLOCATION VERSIONS +++
KEY VERSION

5000

(Concert10, 107.48), (Concert10@, 159.98), (Concert100e,

NOT SCALABLE PARTITION VERSION (PARTITION DEPENDENT)
Output size: 1024

Sample outpu
(Concert1001, 2001.72), (Concert102, 1367.92),

[(Concert®, 2684.45), (Concertl, 2664.75), (Concert1®, 3702.00), (Concert1e,

2837.20),
(Concert103, 1433.84), (Concert10@4, 677.84), (Concert10@5, 1571.80)]

Execution time: 28020 ms

PARTITION VERSION
Output size:
Sample

5000
[(Concerte, 159.98),

(Concert1004, 30.99), (Concert10@5, 118.98)]

Technology Know-How: Apache Ignite

125.49),

(Concert1060, 1585

(Concertl, 91.60), (Concert1@, 107.48), (Concertl00, 159.98), (Concert1000, 125.49),
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Continuous Query - Scenario 6.1

ignite_test_scenarios-ignite_client-1 >>» Test 1 Cache continuous query example started.

ignite_test_scenarios-ignite_client-1 Queried existing entry [key=3, wal=[ ID: 3 - Type: base - UserId: 17 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Queried existing entry [key=12, val=[ ID: 12 - Type: vip - UserIld: 19 - ConcertId: 1 ]]
ignite test scenarios-ignite client-1 Queried existing entry [key=8, wval=[ ID: @ - Type: base - Userld: 1 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Queried existing entry [key=8, wval=[ ID: 8 - Type: vip - UserId: 3 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Queried existing entry [key=16, val=[ ID: 16 - Type: vip - UserId: 9 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Queried existing entry [key=18, wal=[ ID: 18 - Type: base - UserId: 13 - ConcertId: 1 ]]
ignite_test_scenarios-ignite client-1 Updated entry [key=24, val=[ ID: 24 - Type: base - Userld: 28 - ConcertId: 1 ]]

ignite_test scenarios-ignite client-1 Updated entry [key=25, wal=[ ID: 25 - Type: base - UserId: 21 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Updated entry [key=26, val=[ ID: 26 - Type: base - UserId: 22 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Updated entry [key=27, val=[ ID: 27 - Type: base - Userld: 23 - ConcertId: 1 ]]
ignite test scenarios-ignite client-1 Updated entry [key=28, val=[ ID: 28 - Type: base - UserId: 24 - ConcertId: 1 ]]
ignite_test_scenarios-ignite client-1 Updated entry [key=29, val=[ ID: 29 - Type: base - Userld: 25 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Updated entry [key=3@8, val=[ ID: 3@ - Type: base - UserId: 26 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Updated entry [key=31, wval=[ ID: 31 - Type: base - UserId: 27 - ConcertId: 1 ]]
ignite_test_scenarios-ignite_client-1 Updated entry [key=32, val=[ ID: 32 - Type: base - Userld: 28 - ConcertIld: 1 ]]
ignite test scenarios-ignite client-1 Updated entry [key=33, wval=[ ID: 33 - Type: base - UserId: 29 - ConcertId: 1 ]]



Messaging
Messaging - Scenario 8.1

ignite_test_scenarios-ignite_cl

ignite_test_scenarios-ignite_client-1 | >»> Unordered me:
Received unordered
Received unordered

ssages sent
nessage [msg-1,
nessage [msg=0,
message [msg=S5,
message [msg=7,

Received unordered

Received ordered
Received ordered

ignite_te.

Meluzzi, Sute

message [msg=4,
nessage [msg=6,
nessage [msg=9,
nessage [msg-8,

fent-1 | ) Start sending unordered messages.

fromNlode1d=7b4579fb-6d3c-4618-babe-517ab0F22139)
fromNode]d=7b4579¢b-6d3c -4618-bale-517ab@F22139)
fromNodeld=7b4579¢b-6d3c -4618-bale-517ab@F22139
fromNodeld=7b4579b-6d3c -4618-babe-517ab@F22139)
fromNlode1d=7b4579b-6d3c -4618-babe-517ab0F22139)
fromNlodeId=7b4579fb-6d3c -4618-babe-517ab8F22139)
fromNlode]d=754579f0-6d3c-4618-babe-517a00F22139)

b0£22130

fromNodeld=7b4579¢b-6d3c -4618-bale-517ab@F22139)
fromNodeld=7b4579¢b-6d3c -4618-bale-517ab@F22139

scenartos-ignite client-1 | 2> Start sending ordered nessages
sage [ms,

scenarios-ignite_client-1 | >>> Ordered messages ety
>»> Check the remote nodes output to see the prints.

>»> Waiting for the acknowledgements of the remote nodes.

ite_test_scenarios-ignite client-1 | >>> Test 1 ordered-unordered messages completed

ignite_test_scenarios-
ignite_test_scenarios-

ignite_test_scenarios

ignite_test_scenarios

ignite_test_scenarios

ignite_test_scenarios

ignite_test_scenarios

ignite_test_scenarios

ignite_test_scenarios-
ignite_test_scenarios-

ignite_test_scenarios-

ignite_client-1
ignite_client-1

ignite_client-1
ignite_client-1
ignite_client-1
ignite_client-1

ignite_client-1

-ignite_client-1

ignite_client-1
ignite_client-1

ignite_client-1
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>>> lest
Received

Received
>>> Test

2 ping-pong messages simulation.

message

msg:
msg:

nsg=STOP,
2 ping-pong messages simulation completed.
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Pro

architettura in-memory e shared-nothing con storage multi-tier

ogni nodo funge contemporaneamente da compute node e da data node
possibilita di scaling orizzontale illimitato

discovery automatico dei nodi

data rebalancing automatico al variare della topologia

in modalita external storage, offre pieno supporto a SQL a DB che non lo prevedono,
permettendo ad esempio di eseguire join distribuiti e co-locati

@ automatic job failover



Conclusioni

Contro
@ topologia ad anello limitante all'aumentare del numero di nodi
@ data model a chiave-valore limitante in certe situazioni
@ modalita di caching on-heap non sempre piu performante di quella off-heap
@ in modalita external storage, & necessario pre-caricare in RAM tutti i dati che si vogliono

utilizzare

gestione pill verbosa dei task di MapReduce rispetto ad Apache Hadoop
@ meccanismo di checkpointing non sempre conveniente

o task-data colocation e cache colocation da abilitare e gestire esplicitamente
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