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In-Memory Data Grid (IMDG)Zt

O HIo|E &% 2| 28t computing engineO| EXHE! In-memory distributed caching software 7| &
—  0|F HIOo|H sourceE 2| & View XM
— Compute engine &% in-memory data base 7| B X3
— O=of MHE0| M2 HZR[O 22{AH THE[H HEZ memory poolO| &, HO|H 2 f/of CHEE HEZE 2F

IMDG O} 7| Ell Xj

Insert into T3 values(d, €, f);

User lselect col1, count(a), max(b), min(c) from T1 join T2;

IMDG Cluster
L
»r[ data ][ data ][ data ] [ data ][ data ][ data ] [ data ][ data ][ data ]1

(e owe [ o | [ ow |
(oot | [ | [aoa | | | [aota |[[coto | [[ama |1
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Hazelcast IMDG

O Xl IMDG EHE
—  AMB{OICt Hazelcast member2h= JAVA process ‘4 E| 10, Hazelcast memberS0| network2 2 MZ AZE|0| S2{AH Hd
— Java/.NET/Node.js/Python/C++/Go2 Z0| Ctot H0{o] S2I0|HE HE X[ J
CiFot 0|7|F DB=(RDBMS, NoSQL, .)1F A&k, 7[E L& HO0|EH =2 HE2[0 250 S & 7iM

Java .NET Node.js Python C++ Go

The Hazelcast Platform

Machine Machine Machine

Hazelcast Hazelcast Hazelcast Hazelcast Hazelcast Hazelcast
Member Member Member Member Member Member
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Hazelcast IMDG Cluster E{

O Embedded 2 E2} Client/Server REE 2 &

¢ Javaar

«  XtHt App LHEO]l hazelcast member Z &S0
+ Hazelcsat member 2 FA| app 2

o
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Hazelcast IMDG software stack

O SQL engine2 2 Apache Calcite B,
Key/Value API X|&

O Execution H 22| BHQl On-heap, High-
Density Memory Store(HDMS)2} 22|&=
Off-heap store T+d

O HDMSE Java Off-heap 2222 JVM
Garbage Collection X|2-2} &|7| {20
M =22[ofl 82 Hlo|E 2T |2

O HDMS X|# H22|Z DRAMIL Intel
Optane™ DC Persistent Memory X| &

Machine

Hazelcast Hazelcast
Member Member
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SQL engine (Apache Calcite) Key/Value APIs
High-Density Memory store (Off-heap)
On-Heap
E memory allocator
{‘ a I
JNI
memkind allocator
A
= . DAX ; i
evice
I DRAM CPU (persistent memory)

£ X https://pmem.io/blog/2021/02/using-memkind-in-hazelcast/




azelcast IMDG Data partitioning

H

O 7|2 XI& 7 X IMap, Java Map?2| 242 E of2f{o} Z2 data partition M 7|H

O Default2 2717l data partition 44

O 171 node ‘4/d A|, |2 partitionTt 44, 271 node O|&FE 1-& &, 1-replica partition policy 2|0 4’dH
O
O

17 partition = 256MB default 740|311, memory max size 87 F7tx|H &H S 7}
partition ID = HASH(key) mod partition count(default 271) 74 =

Data partitioning

P_1 P_136 P1 P_69 P_137 P_205

P 1
P2 P 137 P2 P 70 P 138 P206
P2
= =
P 135 P21 P 68 P 136 P 204 P 271
P 136 P1 P 137 P 205 P1 P 69
P 269
P 137 P2 P 138 P 206 P2 P70
P 270
P.271 P 271 P 135 P 204 P 271 P 68 P 136
node#1 node#1 node#2 node#1 node#2 node#3 node#4
P-&& P-&& P - Replica P-&& P - Replica
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Software A1 X| HitH

O Software CI22E
— Open source

$ unzip hazelcast-enterprise-5.2.1.zip

I 7| X| : https://hazelcast.com/open-source-projects/downloads/#hazelcast-platform

Github : https://github.com/hazelcast/hazelcast

—  Enterprise edition T§7|X]| : https://hazelcast.com/get-started/download/#hazelcast-platform

License key 2. 30 free trial license key X|&%

O AX|(Enterprise edition 7|
—  2|%2(Ubuntu 20.04.6 LTS) 7|, JDK 274 4% 282

$ cd hazelcast-enterprise-5.2.1

$ Is -al

£ 29)

sejinoh80@sejinoh80:~/hazelcast-enterprise-5.2.1% ls -z

total 60

drwxrwxr-x 8
drwxr-xr-x 41
drwxr-xr-x
drwxr-xr-x

drwxr-xr-x
drwxr-xr-x
drwxrwxr-x
drwxr-xr-x
-rW-r--r--
-rw-r--r--

sejinoh8go
sejinoh8go

3 sejinoh8go

sejinoh8go
sejinoh8go
sejinoh8go
sejinohsgo
sejinoh8go
sejinoh8o
sejinoh8o

sejinoh8o
sejinoh8o
sejinoh8o
sejinohgo
sejinoh8o
sejinohso
sejinohso
sejinohso
sejinohgo
sejinoh8o

4096
12288
4096
4096
4096
4096
4096
4096
3485
15864

98

98
11%
11%
11%
11%
11
114
114
118

O Enterprise license key &7

— Hazelcast web site(https://hazelcast.com/trial-request) 2 850 hazelcast configuration L} 0
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Hazelcast IMDG L.E AX

sejinoh80@sej inoh80:~/hazelcast-enterprise-5.2.1% tree -L 2

O 72 4d
—{ common..sh | — JVM on-heap M 22| 2

— hz

— hz-cli

— hz-cli.bat

— hz-cluster-admin
— hz-cluster-cp-admin
— hz-healthcheck

— hz-start

—_— hz_start_bat [‘1IN_HEAP_SIZE:16
T |\;~ﬂt1[

— hz-stop.bat

— user-l1b MAX_HEAP_SIZE=1G

$ vi bin/common.sh

= hazelcast client.xml .

—phazelcastodocker xal HDMS Off-heap storage H| 22|, memory format, license key 827

— hazelcast.xml . .

— jmx_agent_config.yaml $ vi conflg/hazelcast.xml

— jvm-client.options

— jvm.options <hazelcast>

— log4j2-json.properties .

——'109412 properties <native-memory allocator-type="POOLED" enabled="true">

SLkREL <size unit="GIGABYTES" value="2"/>
<min-block-size>16</min-block-size>
<page-s1ze>4194304</page-size>
<metadata-space-percentage=>12.5</metadata-space-percentage=

</native-memory=

SRR I
ast-3 “rmmtw—wnﬂ—_.
tA 1W~r|'t4; 12.13.3jar

aze st-3-co <map
— |x—|_ﬂ~1¥—nt— J‘,_wtr wiutw n-5.2.1. Hr
— hazelcast download. propertles

-:I'wt-'-‘flt rprise-5.2

<in-memory-format>NATIVE</in-memory-format=
</map>

‘<1icense—key>TrialLicense#ileze1011000006901111109010113</1icense—key>

IC ast
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Hazelcast IMDG &&=

O kE M
/bin/hz-start 38| A3 A|, 37§ 2| hazelcast members M E|HA S AH X5 MH(TCP connection)
$ ./bin/hz-start.sh

sejinoh80@sejinoh80:~/hazelcast-enterprise-5.2.1/bin$
# JAVA=/usr/lib/jvm/java-8-openjdk-amd64/bin/java

# JAVA_OPTS=-Dhazelcast.logging.type=log4j2 -Dlog4j.configurationFile=file:/home/sejinoh80/hazelcast-enterprise-5.2.1/config/log4j2.properties -Dhazelcast.config=/home/sejinoh86/hazelcast-enterprise-5.2.1
/config/hazelcast.xml -Djet.custom.lib.dir=/home/sejinoh80/hazelcast-enterprise-5.2.1/custom-1lib -Xms1G -Xmx1G

# CLASSPATH= {home/sejinoh80/haze1cast—enterprise—s.2.1/1ib:/h0me/sejinoh80/hazelcast-enterprise-s.2.1/1ib/*:/h0me/sejinoh80/haze1cast—enterprise—s.2.1/bin/user—1ib:/home/sejin0h80/haze1cast-enterprise—s.
2. 1/b1n/user 1b/*

:20 33 068 [ [main] [ ]: Loading configuration '/home/sejinoh80/hazelcast-enterprise-5.2.1/config/hazelcast.xml' from System property 'hazelcast.config'
:20:33,071 [ [main] [ ]: Using configuration file at /home/sejinoh80/hazelcast-enterprise-5.2. 1/conflg/haze1cast xml
120:33,797 [ [main] [ ]: [LOCAL] [dev] Interfaces is enabled, trying to pick one address matching to one of:
:120:33,906 [ [main] [ 1= :5703 [dev]
o 0 0---0 0----0 O 0 0----0 0--0--0
+ | [ / \ /| | / \ [ |
+ 0----0 o o o 0----0 | o o o 0----0
+ | [ 7 A | | \ / \ | |
o 0o 0 0---0 0----0 0----0 0---0 O 0 0----0 o
:20:33,907 [ ] [main] 12 15703 [dev] Copyright (c) 2008-2022, Hazelcast, Inc. All Rights Reserved.
:20:33,907 [ ] [main] 13 15703 [dev] Hazelcast Enterprise 5.2.1 (20221114 - 041c2al, 531032a) starting at :5703
120:33,908 [ ] [main] 1= 15703 [dev] Cluster name: dev
:20:33,908 [ ] [main] 12 15703 [dev] Integrity Checker is disabled. Fail-fast on corrupted executables will not be performed. For more information, see the d
Integrity Checker.
2023-09-17 21:20:33,908 [ ] [main] 12 15703 [dev] Jet is enabled
2023-09-17 21:20:33,910 [ ] [main] 1= 15703 [dev] Checking Hazelcast Enterprise license...
2023-09-17 21:20:33,933 [ ] [main] [ 1z 15703 [dev] License{allowedNumber0OfNodes=10, expiryDate=0ct/16/2023 23:59:59, featureList=[ Management Center, Streaming
Management Center, Clustered JMX, Clustered REST, Security, WAN Replication, High Density Memory, Pers1stence Streamlng Lossless Cluster Restart Rolling Upgrade, Streaming Job Upgrades, Cluster Client F
iltering, CP Subsystem Persistence Dynamic Conflguratlon Tiered Storage ], type=nu i i H F1POXomTt7BTrS2D48jy+zGI=, No Version Restriction}
21:20:33,935 [ ] [Walﬂ] [ 118 :5703 [dev]
21:20:34,417 [ ] [main] [ 1z : A tegy with pending invocation threshold 50000
21:20:34,655 [ ] [main] [ e :5703 [dev] Enable DEBUG/FINE log level for log category com.hazelcast.system.security or use -Dhazelcast.security.recommendati
property to see ® security recommendations and the status of current config.
21:20:34,748 [ ] [main] [ 1= :5703 [dev] Using TCP/IP dlscovery
21:20:34,749 [ WARN] [main] [ 1)z :5703 [dev] CP Subsystem is not enabled. CP data structures will operate in UNSAFE mode! Please note that UNSAFE mode will no
t provide strong consistency guarantees.
21:20:35,224 [ ] [main] [ 1E :5703 [dev] Setting number of cooperative threads andjdefault parallelism to 4'
21:20:35,359 [main] [ 1z 15703 [dev] Diagnostics disabled. To enable add -Dhazelcast.diagnostiCS.enabted=true to t arguments
21:20:35,375 [main] [ iE :5703 [dev] :5703 is STARTING
21:20:35,461 [hz.vigorous_khorana.I0.thread-in-0] [ 1/2 :5702 [dev] Initialized new cluster connection between /127.0.0.1:5702 and /127

21:20:35,462 [hz.frosty_mahavira.IO0.thread-in-2] [ : 15701 [dev] Initialized new cluster connection between /127.0.0.1:5701 and /127
21:20:35,472 [hz.modest_ardinghelli.I0.thread-in-1] [ : 15703 [dev] Initialized new cluster connection between /127.0.0.1:38105 and /127
21:20:35,472 [hz.modest_ardinghelli.I0.thread-in-0] [ : 15703 [dev] Initialized new cluster connection between /127.0.0.1:45799 and /127
21:20:40,557 [hz.frosty_mahavira.generic-operation.thread-0] [ - :5701 [dev]
L
0.1]:5701 - 4ffd47aa-8043-495f-9b1b-3d82cccb20a6 this

11:5702 - 82fdalbc-c89d-4ch2-ac68-6f655c943F0a 37H hazelcast mem ber Acﬁ é}' E|:|I

).1]:5703 - 656T62fa-b28f-447f-a658-7f31dd836893
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SQL &8st IMap ‘4%

O IMap "4

CREATE MAPPING my_map

TYPE IMap

OPTIONS (
‘keyFormat'="int’,
'valueFormat'="varchar’

(”3”, “Washington”) (”3”, “Washington”)
(1", “Tokyo”) (“1”, “Tokyo”)
(“4”, “Ankara”) (”"4", “Ankara”)

("12” s "Prlgu.”)

L=
T |- (“12”, "Prague”)

———

{(#2%, “Faxris”)
(“5", “Brussels”)

(”2”, \\Puisll)
(”5”, “Brussels”)

(“6"”, "Amsterdam”) ("6”, "Amsterdam”)

("19” p "Rm”)

(6", "Amsterdam”)

("2”, “Paris”)

(”“5", “Brussels”)

("19”, “Rome”)

=

(3", “Washington”)
(1%, “Tokyo")

("12", "Prague”)

("4”, “Ankara”)

node#1 node#1
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[Moscow
|Washington
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n row(s) selected




JDBC 914 Sl sQL He|

O Apache JMeter2t Z2 JDBC 220 E & &850 sqL el 7Is
O Hazelcast JDBC E20|H = https://github.com/hazelcast/hazelcast-jdbc C}2 2 E 75

APACHE

JMeter —
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Hazelcast Management Center

O Web 7|4t BLIE{H tool, 7|2 SW If7|X|0f] =gt

a0
i HAZE LCAST @ ® dev v | Cluster Connections ()  Docs [ £ saL Browser >_ Console {5% Settings <> Dev Mode
5.2.0- 17/00/23 - 09:30
oo A ~ . -
68 Cluster Cluster Status & Heap Memory Distribution [ Partition Distribution [
Dashboard
Clients ) 4 State Active
Client Filtering - OFF
Migrations 0 waiting migrations
Members 3 @ ¢ 9 mig
Administrati
finistration (O CP Subsystem CP subsystem is disabled
WAN Replication 0
Scripting (O Filtering Disabled / Allow
Healthcheck
[ Storage A . -
| Used Heap, Used Native (Outliers) v + O3 | CPU Load (Qutliers) v + Ol
Maps 0
Replicated Maps 0 286.10 MB 1%
JIUUPSEEY 10% 2
Caches 0 238.42 MB . ‘," )
\ 9% i » A
MultiMaps 0 | RN ) " R
190.73 MB ! 8% [\ v i A R
PN Counters 0 H 7% 1\ . A v L] ' s i \ et
143.05 MB -— s wweanse = [ L I o » o | ) " Le vy
Flake ID Generators (0 ' PEEEEEEE b 6% W Vol ped " , R L (A S
95.37 w0 B BT ] - 5% B S A A S R It
G» Streaming ~ PPEEEETL . 4% ' R NN e "
47.68 MB \ v P P A R N A |
Dashboard 3% " \ ¢ - Voo '
Job 0B 2% ) !
obs 0 21:25:31 21:26:31 21:27:31 21:28:31 21:29:31 21:30:31 21:25:31 21:26:31 21:27:31 21:28:31 21:29:31 21:30:31
Snapshots 0
| 5 minutes ago > now Configure % | 5minutes ago > now Configure {3}
& Compute ~
Executors 0
[ Messaging v Resources Utilization [2) | native memory v W@ +
58 CP Subsystem v X . X .
Member A A Used Heap ~ Total Heap A Used Native Memory A Native Memory Max ~ GC Major Count A GC Major Time
127.0.0.1:5701 200.76 MB 981.50 MB 354.50 kB 2.00 GB 2 78ms
127.0.0.1:5702 150.74 MB 981.50 MB 354.50 kB 2.00 GB 2 86ms
127.0.0.1:5703 144.16 MB 981.50 MB 354.50 kB 2.00GB 2 89ms
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SK Hynix's CXL™ memory

O CXLO|&t

— Compute Express Link2| &fXIZ PCle slot= O|&5t= XML 1/d-S interface
— Intel 4M|CH Xeon Scalable processor(code name: Sapphire Rapids) £ X|&

O SK hynix’'s CXL 2.0 Memory Expansion Solution
22t M2 2], E3.S EDSFF(Enterprise & Data Center Standard Form Factor), PCle 5.0 x8 Lane X|- ¥, Li§ DDR5 EZ& DRAM AtE

Insight-Foresight

Nature Forest Memory Forest

Emergent
Al/ML Model
Intelligence
Canopy 9
Real-time Analytics
Information
Under story

Batch Analytics

Raw Data
Forest Floor
Data Lake

New Hierachy Memory
CPU iqghe

\ *— Processing-in-Memory (PIM)

| HBM
— CXL Memory B
Near-Data Processing (NDP)
+— In-Storage B
\Processmg (1SP)

‘ E X https://news.skhynix.com/sk-hynix-develops-
ddr5-dram-cxltm-memory-to-expand-the-cx|-
memory-ecosystem/

Kiowapyy

L
[

A X : https://news.skhynix.com/sk-hynix-at-nvidia-gtc-2022-demonstrating-the-worlds-fastest-dram-hbm3/
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SK Hynix's CXL™ memory E3

O Local DRAMO| F7}H 2 2 Memory bandwidth ¥ capacity SA| &%
O MW 7 glo] f22| =ge = QA= EH BEq

Local DDR5 DIMMs CXL 2.0 Memory Expansion Solution

CXL 2.0 Memory
Expansion Solution
171 82 96GB

DDRS5 Channel
30 ~ 40GB/s Bandwidth

DDRS5 DIMM
96GB Cup:l(itﬁ)ﬁfﬁEdch

+CXL 2.0 Memory Expansion Solution

Z0io®" | 360~480 GB/s
£8%11.15TB

L= (Bandwidth) : THe|A|ZH L 28 = QU= GIOIE 8%

Total Bandwidth” | 260~320 GB/s
Total Capacity | 768 GB

Bandwidth : Amount of data that can be sent in a set amount of time

£ X https://news.skhynix.com/sk-hynix-develops-ddr5-dram-cxitm-memory-to-expand-the-cxl-memory-ecosystem/
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IMDG integrated w/ SK hynix's CXL™ memory

O CXL memory+ Linux0|A| DAX(Direct Access) device2 214 H
O daxctl reconfigure-device cmd Al&5}0{ system-ram mode2 configureSt™ 37 memory numa node2 A% H
O “LP_PRELOAD=Intel memkind library path” 422 HDMSO| CXL memory ¥ Z 7}'5&t

High-Density Memory store (Off-heap)
On-Heap

memory allocator

= ! | !
v INI

|

memkind allocator

L 2
kmem-dax driver

a

v

DAX device
(persistent memory)

DRAM CPU

HW
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CXL-enabled IMDGS2} SK hynix’'s Data hub

O SK hynix At A7t HIO|E| 37 S EQl Data hub £7Z0f XtMICH HIO|E| Of7|ElX 1= 2|t PoC TIHY
O Data hub {5 R A5 SK hynix DDR5 DRAM1} CXL memory B El A/HO| &2 Hazelcast IMDG Cluster 7+5

Data hub pipeline

Fab data source Data hub Target-user

v

[
Sy —

i CDC — uer
I — 4e HAZELCAST qery
]

debezium SK

IMDG Cluster
Enhanced with CXL memory

m Real-time ST <& N
ciﬁ’fe“fér‘lllllllllm
[T T[]

aaaaaaaaaaa

v
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ili=El

O

O Hazelcast IMDGOY| SK hynix's CXL memory
integration S6ll, M| 22| value-add 7543 &M

Hioje| S 22| ¢/t In-memory distributed
caching software | IMDG architecture =9Il

m{» HAZELCAST

In-Memory Data Grid

Data Objects Write Through

Application
. Node 1 ::|

Application Data Objects
i Node 2 :| Database

. Data Objects
Application
eElaly Read Through

Hazelcast IMDGO]| SK hynix's CXL memory S M use-case A AtMet s Fal=

SK ICT SUMMIT(11/16)0|M =01 7} S| Ct
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Data Hub O}3|EllX]

=0 ALA~ = iz iz
AL HIO|E Interface TtY Hub G&S +dot= ZA|ZF HIO|E 57 S =
z9 £%
6 Data Hub
Source Target
M AL Data Interface2| TH
. . 0 Hub &gt =
Ingestion Storage Delivery izt —
&ufzt ZA/Z
E-Hub h-STREAM
/ £ @ ittt
BN, Data Pipeline (o) Data Hole &§ [
h-CONNECT 0. Lakehouse
A/ “
. « CDC Pipeline E HUb DB Q ,«//(/7/.
. » Event Pipeline Pub/Sub 8 0 AAZE GO £M M
< H1E 28t Data Mart 2
()
Data Mart -
e 247
wn 0 C}2F5t Data Pipeline X|&5}H0
il $ izt A& X} Delivery X| !
oo
Leaac Biy A Data Hub 54 I/FE
oy A “app @ THCIT Y Souemance
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Data Hub= A} HIO|E HAE {Tt Hub &S +=5HH,
Source@t Target ZF A A|Zt HIO|EH PipelineQZAM H|O|E &89| AML/MA|ES K| gt

]

(1) MAIZHHo[E AHA (2) ™A} Interface Hub 9% =3 (3) CtY$t Delivery Pipeline
+ Sandbox 2HZO0|A ALEX}It
Streaming H|O|E{ £ DIY
h-STREAM ER/4S
(Streaming [EPAERUPREIRE N ISEWNE puty
R Event Data Service) Notebook &-Z0f ME
Pipeline 2
()] L -2 N A
S i')’ o HAZHHE HO|EE AFEALIL
3 e X|’83t Tablelt X|£Ho2
s 5712t
. ¢coc yo T el e
"~ Pipeline
- . - I‘ix H| Ol E =
Golel  GlolE  GoE  wohHA Efub i’fﬁ‘éﬁoﬁﬁ”;ﬂ;' 1=
Data Mart BES  FEY B3 et Pub/Sub arget A=e B
 End-to-End Near Real-Time H|0|E{ HA| « TAl OO|H A Single Access Point . Af%ﬁ?j\%fl{;ﬁ“olﬁlé S E'U'IJ_%AI
(HIO|Ef &l A EE 102 O|LY) . JF AU 3t 7|7 8 B A 223 = AEE Delivery Pipeline &
* E-Hub Queue HXf G|O|H HA[ZF A= . EU= F Y 7= 7|6 Hjo]E| =X g + VM/Notebook2 2 2FEH 2l XX X|J
- AA|ZHS Mart[ Ad-hoc Query 23 7ts gt stel
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Data Hub IMDG H-& PoC > Summary

1. 45 54
- 2F% Data HubZ} Al2X} Ad-hoc #H2| MH|AE HA|ZtO 2 HF57] 951 ofzf == A5
« GOl #=%! Pipeline(Event/CDC)= 1&fot 7| & H&5 &BF
- SA| O AFEXLL] OtE FHe2l @80 s ZAZF T8 7ts & ES
2. 45 MY A 0] Al
- QI3 BX - Hazelcast Koreal| Tz AF 218 FEX{Q} Data HubZE 2| A4F Q13 2[AA B
« CDC 9ol R EAA Debezium Hazelcast A{H|A PackageOfl Z&HE|X| Y& - AHEAISOIM /28 28
3.4% &1t
- s AT 8/11 (AT H/TN A
- 45 A30AM T insert @52 HazelcastZt =4 LI2t2LE, & HO|HEZ 7|[&Z2 2+ 7|F Oracle 7|82 d&0] O
— 1Xt HE Zjot cDC £8M 0|E3t x7102 = IMDG 8 EH9| 7|tjsIE SF5IX| Zetzio = FHCist
4. F7t Ho 45 &5
- SAAEXRdEs BT
- Hazelcast 7|8t2| CtYst CDC BT (EUMMET xSTREAM ZEEE M, OGG 7|& HIS)
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Data Hub IMDG XM & PoC > 27| &4

0o

7|

oIr

ZH
(=]

b

 Hazelcast?t 7|Z=9| Data Hub(Oracle)S CHA|5}0] Lt

A~

UsersOl7l= A& EZ0| 7hsehA| =elstr| ?[5t0 7| 4

H=
O o

K| SH
o

?.

HI

35

Oracle(E-Hub)

HazelCast

DB
CRUD

PK X| &
Select
Insert
Update
Delete

Merge into

7|El sQLE

Sub Query
Join
Group by
Order by
Like

O O0OO0OO0OO0O0bOOOOO
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