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‘Normal’ SQL QUERY

CREATE ALGORTTHM = UNDEFINED DEFTEER = ‘dbat’@°%° 30QL SECURITY DEFINERVIEW °"BUSINESS FROCESS VIEN DISRBLED' AS SELECT “tpo”. HRME' A3 ‘TRADING PARTHER MAME', ‘bt'. HRME® A3 “THADING PARTNER BOARDING TYPE®, “rto'. HRME® AS ‘TRADING PARTHNER ROOT HRME®,

‘roedid' . "VALDE® AS "TRADING PARTWER ROOT_EID°, ‘tpoe’. 'CRG_SUB_TYFE HAME® AS “TRADING PARTWER CUSTOMER TYPE', “upo’. STATUS' AS “TRADING PARTHNER STATUS', ‘etpot’. HAME' AS "TRADING PARTNER T¥PE', 'teid’ . 'VALUE® AS °TRADING PARTHER EID', “tduns’ “VALUE" AS
TRADING_FARTWER_DUNZ', “egla’. VALUE® A3 'TRADING PARTHNER_GLN', “bp’. 'BUSINESS_PROCEZZ" A8 "BUIINESS_PROCE3Z ., (CASE CORCAT({'myc’. ORGANIZATION_ID" = “zel . 'PARTY1_ID"), (“myc”. ORGANIZATION ID" = ‘“rel’. PARTYZI_ID'), ‘“bp'. PARTY1l_DIRECTICN'] WHEN '10T0"
THEN 'TO' WHEF "10FRCM" THEN 'FROM' WHEN '11TO' THEN "TO' WHENW "01TC' THEW "FROM® WEEN '"01FROM' THEN 'TO" END) AS “DOCUMERT_DIRECTICN®, “bp". 3TATUS" A3 “3TATUS", “idet". DOC_TY¥PE' AS ~INBOUND_TYPE", ‘didt". DOC_SUBE_TYPE" AS *INBOUNED_SUB_TYFE".
“ide*_'DOC_VERIION® AS °INBOUMD VERSION®, ‘icds®.*DOC_DIRECTION® A3 “INBOUND DIRECTION®, “odt®. "DOC TYPE® RS “OUTEOQUND_TYFE', ‘“odt’. DOC_SUB_TYFE® A3 “OUTBOUND _SUB_TYPE®, “ods” . DOC_VERSICH® A3 “COUTBOUMD VERSION®, ‘ccds’ . DOC_DIRECTION® RS

' OUTBOUND DIRECTION®, ‘bp'.'GO0_LIVE DT' AS "GO_LIVE DRTE®, ‘bp'.'BUSINESS PAOCESS_ID" A% °“ID°, ‘mye’. ORGANIZATION ID® AS "CRG_ID", ‘=ye’. 'MAME' AR ‘ORG_HAME', ‘meid’. 'VALUDE" AS "ORG_EID", “ro'. 'CRGANIZATION ID' AS "ROOT_ORG_ID", ‘ro'. HRAME" AS

TROCT _ORG_WAME®, “reid’. VALUE®' A2 "ROOT_ORG_EID", “dide”. DOC_TY¥PE_ID" A3 'INBOUND DOC TYFE_ID', ‘edt’. 'DOC_TYPE_ID" AS “OUTBOUND DOC _TYPE_ID', “rel’ . RELATIONSHIF_ID" AS "RELATIONZHIF_ID", ‘cop’. 'ISA05S" AZ °"OB_ENV _INDR_QUAL', ‘cop’. IZA0E" A3

“0B_ENV_FEDR_ID', ‘oop’. IS&07" A3 ‘OE_ENV_RCWR_QUAL', “cop”. ISA08' AS "OB_ENV_RCVE_ID', ‘cop'. G302" AS “OB_IN_SWMDR_ID*, ‘ocop’. G303° u_‘os_m_nm_m‘ ¢ “dop’ . ISRD5" AJ “IB_ENV_SKDR_QUAL', “iop". ISA0E"™ AZ * IB_EW_HH:D'R_I:D‘ ¢ “diop”.'ISRO7" AS
“IB_EWV_RCVE_QUAL', ‘icp’.'ISADE" A5 “IB_ENV RCVR ID', “icp. G302° AS 'IE_IN 3NDR ID', ‘igp'.'G303° AS “IB_IN RCVR _ID*, ‘bpop'.'IE_OVE_ENV RCVR_QUAL A3 'IE_OVR _ENV RCVR QUAL®, ‘bpop”. IB_OVA ENV_RCVR ID" A “IB OVE_ENV RCVR ID',

"bpop’ . 'IE_OVR_ENV_SHNDR_QUAL' A3 ‘IB_OVE_ENV_3NDR_QUAL', “bpop'.'IB_OVR_ENV_SWDR_ID' A3 'IB_OVR_ENV_SNDR_ID', “bpep . IB OVR_INNER_ENV_RCVE_ID' AS ‘IE_OVR_INNER RCVR_ID', ‘bpop’.'IB_OVR_INNER_ENV_SNDR_ID' AS 'IB_OVR_INNER ANDR_ID',

*bpop" . 0B_OVR_ENV_RCVR_QUAL' AS °OB_OVR_EWV_RCVR_QUAL', “bpop'.'0B_OVR_ENV_RCVR_ID' AS °0B_OVR_ENWV_RCVR_ID', “bpep'.'OB_OVA_ENV_SKDR_QUAL' AS 'OB_OVR_ENV_SNDR_QUAL', -*OB_OVR_ENV_SNDR_ID' A3 'CB_OVR_ENV_SNDR_ID', ‘bpop'. OB_OVR_INNER_ENV_RCVR_ID"
AS ‘OE_OVR_INNER_RCVR_ID', ‘bpop’ . OB_OVR_INNER | = : S S @A 23 “IB_TRX_EWV_RCVR_Cg = i A L IE_TRX_ENV_SNDR_QUAL® AS ‘IE_TRX_ENV_SWDR_QUAL",
*bpop’.*IB_TRX_ENV_SNDR_ID' A2 ‘IE_TRX_ENV_SNDR *OB_TRE_EWV_BCVR_QUAL®,
‘bpop".‘0OE_TRX ENV RCVR_ID‘ AS ‘OB_TRX ENV RCVR THWER_REVE_ID',

“bpop" . "OB_TRX_INNER_ENV_SNDR_ID" AS “OB_TRX_INH LATIONSHIF® “zel® ON ({'zel’. RELATIONSHIP_ID"
= ‘bp’. BRELATIONSHIF_ID"})] LEFT JOIN ‘ORGANIZA _ID* = “ro®. ORGANIZATICN_ID"))} LEFT JOIN

TORGANTZATION® ‘tpo” ON (({ cpo’. ORERNIZRTION NIZATTON _ID"})) LEFT JOIN ‘BORRDING TYPE™ “bt"
CH ((*bza’. BOARDING TYPE ID" = ‘bt . BOARDING 22 J O I N S N ] 6 S U B Q U E R I ES “rto’ . "ORGANIZATION ID') RMD
(“rteid' . PRIMARY FLAG® = 1} AND (rteid’ . 'ORG . ,_ID* )11} LEFT JOIN “ORG_TYPE_ASS0C" “tpoa’ OH
(("tpoa’. "ORGANIZATION_ID® = “tpo’. ORGANIZATIOHN " ."ORGANIZATION_ID) AND
("meid" . FRIMARY FLAG® = 1] AND (‘meid'. ORG_IDH LEFT JOIN "ORG_IDENTIEFIER™ “teid" ONW
(({'ceid”  "CRGANIZATION ID' = ‘tpo” . ORGANIZATIO . TYPE® WHERE ('DIM ORG_IDENTIFIER TYFE'._ “HAME"

‘bpep’

= "EID')))))) LEFT JOIN "ORG_IDENTIFIER® ‘“edums” 1 ,_TYPFE' ."ORG_IDENTIFIER TYFE_ID" FROM
~DIM_ORG_IDENTIFIER_TYPE® WHERE ( DIM_ORG_IDERTIFIER_TYPE . NAME® = 'DUNS'))))]} LEFT JOIF 'ORG_IDENTIFIER' “tglm® ON {(( tgln". ORGANIZATION ID® = "tpeo" . CRGANIZATION_ID') AND {'tgln’. PRIMARY FLAG' = 1) AND {‘tgln". ORG_IDENTIFIER_TYPE_ID" = (SELECT
*DIM_ORG_IDENTIFIER TYPE'.‘CRG_IDENTIFIER_TYPE_ID* FROM °DIM_ORG_IDEWTIFIER_TYPE' WEERE (*DIM ORG_IDEWTIFIER_TYPE'. HRME™ = "GLN'))}})]) LEFT JOIN ‘CRE_IDENTIFIER' ‘reid' ON ({{'zeid".*ORGANIZATION ID' = ‘ro'. 'ORGANIZATION_ID") AND { reid'.'PRIMARY FIAG* =
1) AND {*reid‘.‘ORG_IDENTIFIER TYEE ID' = (SELECT ‘DIM ORG_IDENTIFIER TYEE' 'ORG IDENTIFIER TYEE ID' PROM ‘DIM ORS_IDEWTIFIER TYPE® WHERE (‘DTM ORS_IDENTIFIER TYEE' ‘MAME' = *BID‘})j))) LEPT JOTH ‘ORG_DOC_TYPE' ‘iode’ OM (({{{‘ieds'.'ORS_DOC_TYEE ID* =
“bp'."IB_DOC_TYPE_ID") AND ((({'myec" ORGANIZATION ID' = ‘"zel’. 'PARTY1 ID') AND (‘bp’ . 'FARTY1l DIRECTION® = 'FROM®)) OR (("myoc’. 'ORGANIZATION ID" = 'rel’'. FARTYZ ID'}) AND ('bp’. FARTY1l DIRECTION® = °"T0'}))) OR ({'iede’ . ORG_DOC_TYPE_ID" =

“bp'. 0B_DOC_TYPE_ID') AND ({{‘'myec". ORGANIZATION_ID' = ‘zel’.'PARTY1_ID") ARD [‘bp". PARTY1_DIRECTICN' = "TO']1} OR ({‘myoc". ORGANIZATION _ID' = “zel". PARTYZ_ID") AND (“bp". PARTY1_DIRECTION' = "FROM')))}})) LEFT JOIN 'DIM_DOC_TYPE' ‘ide® ON

(*ids' ‘DOC_TYPE_ID" = “iods’. DOC_TYPE _ID"})) LEFT JOIN ‘CRG_DOC_TYPE' ‘ocodt’ OF {({{‘cods’.'ORG_DOC_TYPE_ID" = ‘bp'.°IE_DOC_TYFE_ID')} AND ({('myo'. CREANIZATION_ID' = ‘zrel®.‘BARTY1_ID'} BND (‘bp".'EARTY1 DIRECTION' = 'T0')) OR {{‘mye". CRGANIZATION_ID'
= ‘rel' "FARTYZ IN')} AND (‘bp'. EARTY1 DIRECTION® = "FROM®]})) OR {{‘aods’_°ORG DOC TYPE ID' = ‘bp°. 0B_DOC_TYPE ID') AND {({{‘'myo"_'CRGANTZATION ID' = ‘rel' “PARTY1 ID') AMD {‘bp'_"BRATY1 DIRECTION® = 'FROM'}) OR {{'mye’' . ORSANIZATION ID* =
"zel'.'PARTYZ_ID') AND (‘bp'. PARTY1 DIRECTION' = 'T0°')})))}) LEFT JOIN ‘DIM DOC_TYPE' ‘ods’ ON (('ods'. DOC_TYPE_ID' = ‘cods’.'DOC_TYPE_ID'))) LEFT JOIN ‘BUSINESS_PROCESS OVERRIDE PARAM' ‘bpop® ON ((‘bpop' . BUSINESS_FROCESS_OVERRIDE PARAM ID° =

“bp' . BUSINESS_PROCESS_ID"]}) LEFT JOIN "ORG_DOC_TYPE_PARAMETER_BUSINESS_PROCESS VIEW® ‘iop’ ON (('iep'."ID" = ‘bp"."IB_DOC_TYPE_ID'))] LEFT JOIN 'ORG_DOC_TYFE_PARAMETER_BUSINESS_PROCESS_VIEW® “cop™ ON {(’cop".'ID" = ‘bp'.'OB_DOC_TYPE_ID')}} WHERE
(({{*myo" . CREGANIZATION ID' = ‘r=l®. FARTY¥1_ID'} AND (‘spo’. ORGARIZATICN ID' = ‘zel'.‘BARTYZ_ID")) ©R {(‘myo'.‘'ORGANIZATION ID' = ‘rel'. PARTYZ_ID') AND {'spo’. ORGANIZATION ID" = “rel®.“EARTY1_ID")}) AND ISNULL('bp'.‘'CRIGIN SUSINESS_PROCESS _ID"))
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Layered architecture

Session replication

Method invocation Cache

Worker pools

Distributed 2" level cache Query Cache
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Axon|Q

Frameworks &
& aren’t pixy dust. ;?‘3

7{% Sprinklivg i+ on a g%.
is-i’ bunch of crap will not %3?
S?l make i+ perform.
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Command Query Responsibility
Segregation

Events
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Events retain value

Event Sourcing is an Architectural pattern in which Events are considered
the “source of truth”, based on which components (re)build their internal

state.
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Event Sourcing

AxonlQ

Order service

OrderCreated -

ltemAdded =

ltemRemoved -

OrderConfirmed -

Some smart
analytics
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Event Store

An Event Store stores the published events to be retrieved both
by consumers as well as the publishing component itself.
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Event sourcing, made easy

@Aggregate <=

public class GiftCard {

@CommandHandler

ion ("amount <= 0") ;

@CommandHandler
public wvoid handle
1f (cmd.getAmount ()
1f(cmd.getAmount () > rema
apply (new RedeemedEvt (1d,

public void on(IssuedEvt evt)
id = evt.getId()
remainingValue

1

t /
@EventSourcingHandler

{

evt.getAmount ()

Some annotations to have
correct methods triggered...

Framework does the rest...

}

AxonlQ
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Event handling, made easy

@Component g
public class CardSummaryProjection {

Some annotation to discover

the handling class

private final EntityManager entityManager;
private final QueryUpdateEmitter queryUpdateEmitter;

@EventHandler
public void on (IssuedEw _

entityManager.persist (new ' E&Nneannoumonstohave ent.getAmount (),
) correct methods triggered...

@EventHandler
public void on (RedeemedEvt event)
CardSummary summary = entityM:
summary.setRemainingValue (sumnt®

lass, event.getId(
- event.getAmount f

)
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In reality...

Latency

Observed in Dev environment
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In reality, numbers are...

/

Latenc

Observed in Dev environment Test Env.
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Latenc

In reality, numbers are worse...

Observed in Dev environment

/

Test Env.

Reality: Production
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The effort to add data increases with the amount of data stored

Problem #1
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Relational Database

write throughput
\\II‘II\I‘\I\\ll\\\‘l\\ll\\lll\\ll
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current storage size (millions of events)

o
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Event Store operations

* Append
 Validate ‘sequence’

DIIIIIIIIIIIII IV
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Event Store operations

- Read aggregate’s events

DIIIIIIIIIIIII IV

AxonlQ W @allardbz




Event Store operations

* Full sequential read
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Solution — Partitioning

DIDIIPIPIIPIIIIDD) DIPPIPIIPIPIIPIDIDD DPI2PIPIID D)

00000000.events 00001048.events 00003252.events
00000000.index 00001048.index
00000000.bloom 00001048.bloom

y
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The effort to read an aggregate increases as it’s being used

Problem #2
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Loading time
25

20

15

»
|

10

Relative loading time

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

# Events to reconstruct aggregate

»
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Solution — Caching

* (Aggressively) caching Aggregates prevents the need to load
them
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Expected loading time with caching
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Actual loading time with caching
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Caching & dlstrlbutlon
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Consistent hashing
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25

Cache invalidation

spikes
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Snapshotting

8: Change H -> |

State =H @ 7 7: Change G -> H

6: Change F-> G

5. Change E -> F

4. Change D -> E
3: Change C ->D %
2: Change B ->C

1: Change A-> B

O: Created -> A
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25

Cache invalidation

“spikes”
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Command Query Responsibility
Segregation

Events

v Snapshotti{_\

(7 o Nmm A

+ Consistent hashing
M

\/Caching \ / Projections

{ Client
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Replays

EDIDIDIDIDIDIDIDIDIDIDIDIDIDIDID I,

[ Event Handler ] reset()

TRUNCATE TABLE xyz;
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Replay duration increases as stored data accumulates

Problem #3
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»

Time to completion

Time to replay...

Observed in Dev environment

/

Test Env.

Reality: Production
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Typical event handler

@EventHandler
public void on (RedeemedEvt event) {
CardSummary summary = entityManager.find(CardSummary.class,
event.getId())
summary.setRemainingValue (summary.getRemainingValue ()

- event.getAmount () ),
J « 250 events per second \
» Replaying
* lk events: 4 seconds 1. Fetch entity

2. Update state
3. Persist result (implicit)

1M events: 66 minutes
« 10M events: 11 hours
- 1B events: 46 days

Axon|Q W @allardbz




Event Processing

Handle Event

Make

Load model
changes

< S
>
" o
@® yo)
0 S
nd

Commit TX

AxonlQ

SQL
UPDATE
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partial solution

Sotation — Batch size

45['[] T T T T T 11 T T LA B B B B T T LA B B B B

~ | * 4000 events / second
sol oo ... 1 Replaying

- * lk events: 250 ms
] « 1M events: 4 minutes

] « 10M events: 42 minutes
N - 1B events: 3 days

Throughput (#/s)

D 1 IIIIIIIi 1 1 IIIIIIi 1 IIIIIIIi [ I I N T T |
1 10 100 1000 10000

Batch size
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Almost the cplution

Solution — Parallel processing

20000 T T ! T ! !

« 15000 events / second
'+ Replaying

* 1k events: 66 milliseconds
* 1M events: 66 seconds

« 10M events: 11 minutes
« 1B events: 18 hours

Throughput (#/s)

Processor threads
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Solution — Batch optimization

* Write “INSERT” /“UPDATE” / “DELETE” statements directly
* Use UnitOfWork to stage instructions

* Combine statements into a single one
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Combining updates

{

operation = “in "
P atio sert ltemsAddedToCart {
order 1id = “al23” order_id = “a123”
— . product_id = “p321”

product 1d = “p321” count = 10
count = 20

}
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Combining updates

{
r : — \\ 77
operation update ltemsAddedToCart {
order 1id = “al23” order_id = “a123”
— . product_id = “p321”

product 1d = “p321” count = 10
count = 20

}
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Combining updates

{
operation = Tansert? ItemsRemovedFromCart {
order_1d = “alz3” order_id = “a123”
product id = “p321”~ ount =10 |
count = 10

J
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Batching in AxonFramework

BatchOperations ops =

unitOfWork.getOrComputeResource ("batch", k —-> {
BatchOperations bo = new BatchOperations();
unitOfWork.onPrepareCommit (uow —-> bo.execute());
return bo;

b)) s
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Optimization results

Parallel optimized batch Naive
« 30 000 events per second » 250 events per second
* Replaying » Replaying
+ 1k events: 33 milliseconds * 1k events: 4 seconds
* 1M events: 33 seconds * 1M events: 66 minutes
* 10M events: 5.5 minutes * 10M events: 11 hours
» 1B events: 2 hours » 1B events: 46 days
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But walit....

still
Replay duration increases as stored data accumulates

Problem #3
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Partial replays

/ ‘>>>>>>>>>>>%
|

“Reasonable” timeframe

[ Event Handler ] reset( )

TRUNCATE TABLE xyz;

Lenient event
handling \
/

Perform selective,
ad-hoc, replays
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Command Query Responsibility

Segregatiom

Snapshotting « Parallel processing
(= ™\ (Batching

Consistent hashing L
~ A +Handler optimization

Caching N « Partial replay

{ Client }
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CQRS and Event Sourcing
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CQRS and Event Sourcing
aren't “faster”
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CQRS and Event Sourcing
aren't “magic Pixy Dust”
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CQRS and Event Sourcing
require tuning

(like any other technology would...)
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CQRS and Event Sourcing

allow for more focused,
efficient, optimization
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