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2.1 APl At 7|& AEH peview

oz2|0jH 2EIX Hub

- Spring Boot 2.3.3/JDK11
- Spring Webflux/Reactor

Spring Webflux
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2.2 Fallback Publisher DEVIEW

onErrorResume

onErrorResume (Function<? super Throwable,? |extends Mono<? extends T>p fallback)

Subscribe to a fallback publisher when any error occurs, jusing a function to choose the fallback depending on the error.

¥

...................................................................... Fallback Publisher
ofl2] AHA| publisher CHA]|

subscribe()
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2.2 Fallback Publisher DEVIEW

CtAH|E Fallback 2| - onErrorResume

1. AHZ S (E} MH|A Y1)
Mono<Content> postProcess(ContentProductInfo contentProductInfo) { .
- -~ - O] Xt 3AE X
Content content = contentProductInfo.getContent() Step 1 - Fallback: :l*lx'l o o= JEE Lg._l'
ProductInfo productInfo = contentProductInfo.getProductInfo()
Requester requester = contentProductInfo.getRequester()
String contentId = content.get_id() 22_ [)E3 35125!
- - - AFIL = HH
.registerProduct(content, productInfo, requester) Step 2 - Fallback: &= =5
.onErrorResume(t -> |[onProductRegisterFailed(content)
.then(Mono.error(new ProductRegisterException(contentld, t)))
: =L 24| AlSH
.map(content: :withSalesDatetime) Step = Fa”baCk _|E| = O

. flatMap(c — | .insert(c)
.onErrorResume(t —>|onInsertContentFailed(content)
.then(Mono.error(new InsertContentException(contentId, t)))

Mono<Content> onProductRegisterFailed(Content content) { . Mono<ProductResponse> onInsertContentFailed(Content content) {
content = content.toBuilder() String contentId = content.get_id()

.tempDatetime(LocalDateTime.now()) ngYPe cpType = CO”te”t-QEtEPTYPEE; |

- . tring cpName = content.getCpName
'DUb¥lShDatEtlme( ’ ) String subId = content.getSubId()
.registerDatetime(null)

.modifyDatetime( ) . removeRollback(cpType, cpName, subId, conte
build() .doOnSuccess(c —> .warn(

| .insert(content)
.doOnSuccess(c -> warn (




2.2 Fallback Publisher DEVIEW

CHAIE Fallback X{2| H|0|Y - on{& oot U}

B —
@verride |AEI]I'I?_I- oC|'>|_C|>_|0-" ;dglxz-ll ; = j)d?_ljl-7
Mono<Content> postProcess(ContentProductInfo contentProductInfo) {
Content content = contentProductInfo.getContent()
ProductInfo productInfo = contentProductInfo.getProductInfo() g%g '<'5C|;|_?_|O-" ’glx:'l; ; 71?_|7|-7
Requester requester = contentProductInfo.getRequester()
String contentld = content.get_id()

.registerProduct(content, productInfo, requester)
.onErrorResume(t -> |[onProductRegisterFailed(content)
.then(Mono.error(new ProductRegisterException(contentId, t)))

)
.map(content::withSalesDatetime) T
.flatMap(c — | .insert(c) ,AEI]IHOI' %ﬁ-?—l
.onErrorResume(t —> |onInsertContentFailed(content)
.then(Mono.error(new InsertContentException(contentId, t)))

Mono<Content> onProductRegisterFailed(Content content) { Mono<ProductResponse> onInsertContentFailed(Content content) {
content = content.toBuilder() String contentId = content.get_id()

. tempDatetime(LocalDateTime.now()) ?ﬂype‘mType::Conte”LQEt?ﬂypezzI

. - tring cpName = content.getCpName
'DUb¥lShDatetlme( ) String subId = content.getSubId()
.registerDatetime( )

.modifyDatetime( ) . removeRollback(cpType, cpName, subId, conte
build() .doOnSuccess(c —> .warn(

| .insert(content)
.doOnSuccess(c — .warn (
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2.3 I &3] 2

Flux/Mono.expand

- Reculsively, Breadth-first =2]

expand{Function<? super T,? extends Publisher<? extends T>> expander

Recursively expand elements into a graph and emit all the resulting element using a breadth-first traversal strategy.

Node sampleNodes() {
Node (
Node (

Node ( : é root

lllllllllllllllllllllllllll

----------------------------------------------------------------------------------

00000000
----------------------------------------------------------------------------

Node {

String
List<Node>

---------------------------------------------------------------------------------

Node(String name, Node... nodes) {

= Name : : : : : :
— ArrayLiSt<>( ) e ' R, ! |t 3
.addA11(Arrays.asList(nodes))

projectreactor.io




2.3 I &3] 2

Flux/Mono.expand

- Reculsively, Breadth-first =2]

expand{Function<? super T,? extends Publisher<? extends T>> expander

Recursively expand elements into a graph and emit all the resulting element using a breadth-first traversal strategy.

@Test

expandTest() {
Node root = sampleNodes()

Flux<String> expandFlux = Flux.just(root)
.expand(v —> Flux.fromIterable(v.children)) ... — : e — X (::)
.map(v —> v. ) § . root ;
StepVerifier.create(expandFlux) : ‘(/////// \\\\\\\‘
.expectNext ( § l
.expectNext ( § (::)
. expectNext( ------------------------- > Fres———— . prmm— . grrm—s :
.verifyComplete() : 1 : : 2 P 3 :
} L : . ; E .............................
Node sampleNodes() {
Node ( <::)
Node (
Node( P — | o o —
Node ( 1 i 21 f i 31

Node( name: " 21" ) ), | T OO AU

Node (

Node (
projectreactor.io
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expand{Function<? super T,? extends Publisher<? extends T>> expander

Recursively expand elements into a graph and emit all the resulting element using a breadth-first traversal strategy.

Flux<SpubsChannel> findInvalidChanneld( limit) A
AtomicInteger page = AtomicInteger ( )
. findChannels(page.get(), limit)
.expand(response —> {
List<SpubsChannel> channels = response.getContent()
(CollectionUtils.isEmpty(channels)) {
Mono.empty ()

. findChannels(page. incrementAndGet (), limit)

’)

.map(SpubsChannelsResponse: :getContent)
. flatMapIterable(channels —> channels)

. filter(SpubsChannel: : isNotValidChannel)

projectreactor.io
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9|5 APIHO|H 2%

expand{Function<? super T,? extends Publisher<? extends T>> expander

Recursively expand elements into a graph and emit all the resulting element using a breadth-first traversal strategy.

Flux<SpubsChannel> findInvalidChannell( limit) {
. findChannels ( limit)
.expand(response —> {
List<SpubsChannel> channels = response.getContent()
(CollectionUtils.isEmpty(channels)) A{
Mono.empty()

. findChannels(response.getNextPage(), limit)

})

.map (SpubsChannelsResponse: :getContent)
. flatMapIterable(channels —> channels)
. filter(SpubsChannel: : isNotValidChannel)

better! 2t é)|'§|'0-" gtl-}" Al-_Q_ projectreactor.io
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2.3 1| =3 2001

DEVIEW

Sk - Y =01 o| 1A =
HIX AEBICH->"SLH |12 FEHIX =5 L=
= — o @) reY V- —1 ==
M ZEHXE 020l f42 X80t O =/0[8 = &
—
iE FIOW Flux.mergeSequential (nextContents, previousContents)
.distinct(Content::get_id)
1 El-% %— NJH’ Ollx_'l % NJH .reduce(new ArrayList<>() ' Reducer<Content>(). ) Monc
.map(contents —> BreadthFirstExpander(contents, contentId, limit))
2_ Reduce . flatMap(BreadthFirstExpander::traverse)
> = . — .map(contents —> ContentsResponse.builder()
3_ 0=IXH E 11X = 7|—’|._<—2§ breadth—ﬂrst —¢—2l .contents(contents)
. . : -build()
4. NOj| ==t B2 =2 X
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Mono<List<Content>> traverse() {
index = pivotIndex( )

DEVIEW
2021

LinkedList<Content> result = new LinkedList<>()

result.add( .get(index))
.add(index)

| Mono. just(index)
.expand(idx —> {

f (result.size() == || result.size() ==

| Mono.empty()
}

Mono<Integer> left = Mono.empty(

)

Mono<Integer> right = Mono.empty()

leftIdx = idx - 1
rightIdx = idx + 1

f (leftIdx >= 0 && '\ .contains(leftIdx)) {

left = Mono. just(leftIdx)
result.addFirst( .get

(leftIdx))

f (rightIdx < .size() && ! .contains(rightIdx)) {
right = Mono. just(rightIdx)
result.addLast( .get(

.add(idx)

| Flux.mergeSequential(left
.filter(next —> !

})
.then(Mono. just(result))

rightIdx))

right)
.contains(next))




2.3 2T &3 g5t

Flux/Mono.expandDeep

- Reculsively, Depth-first =2]

expandDeep (Function<? super T,? extends Publisher<? extends T>> expander)

Recursively expand elements into a graph and emit all the resulting element, in a depth-first traversal order.

Node sampleNodes() {
Node (
Node (

Node ( : é root

lllllllllllllllllllllllllll

----------------------------------------------------------------------------------

00000000
----------------------------------------------------------------------------

Node {

String
List<Node>

---------------------------------------------------------------------------------

Node(String name, Node... nodes) {

= Name : : : : : :
— ArrayLiSt<>( ) e ' R, ! |t 3
.addA11(Arrays.asList(nodes))

projectreactor.io




2.3 2T &3 g5t

Flux/Mono.expandDeep

- Reculsively, Depth-first =2]

expandDeep (Function<? super T,? extends Publisher<? extends T>> expander)

Recursively expand elements into a graph and emit all the resulting element, in a depth-first traversal order.

@Test
expandDeepTest() {
Node root = sampleNodes()
Flux<String> expandDeepFlux = Flux.just(root)
.expandDeep(V —i F'l_ux.froml'terable(v_ 11 ldren) ) |- FE . ;
.map(v —> v. ) :

-------------------------
- -

.
llllllllllllllllllllllllll

StepVerifier.create(expandDeepF lux) g
.expectNext ( 5 <::> l <::>
) H

.expectNext (
.expectNext (
.expectNext (

----------------------------------------------------------------------------------

: 5 1 P 2 P 3 :
} PR — > L5 é LA I S N !
Node sampleNodes() { \ @ l /
| new Node(
w Node ( s, . O : s o '
ew Node( N\ 11 F 20 i E 31 /)
w Node( : o P

oooooooooo
--------------------------------------------------------------------------

w Node(

w Node(

w Node( projectreactor.io
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Flux/Mono.retryWhen

Mono<T> retryWhen|(Retry retrySpec)
Retries this Mono in rgspinse to signals emitted by a companion Publisher.

reactor.util.retry

Class Retry

java.lang.Object
reactor.util.retry.Retry

Direct Known Subclasses:

RetryBackoffSpec, RetrySpec

RetryBackoffSpec RetrySpec

projectreactor.io



I: DEVIEW

24 xH*lE |x_E'l| 2021

RetryBackoffSpec

static RetryBackoffSpec backoff(long maxAttempts, Duration minBackoff)

A rRetryBackof fSpec preconfigured for exponential backoff strategy with
jitter,|given a maximum number of retry attempts and a minimum
uration for the backoff.

static RetryBackoffSygec fixedDelay(long maxAttempts, Duration fixedDelay)

A rRetryBackof fSpec preconfigured for fixed delays (min backoff equals
max backoff, nojitterb, given a maximum number of retry attempts and the
fixed ation for the backoff.

projectreactor.io

Jitter

= =l = =] -
3. HIO|E] S (Ifzlng S)oN s X|E RetrySpec
static RetrySpec indefinitely()
o 1Hzl X|od 0| UMBIK| o1 AA H5k . THZl 7to] ZHZ40| UXSIK| OF= &{Al A retryspec preconfigured for the most simplistic retry strategy: retry
A l“(DelaY) | L5kl & rT = s} ’ 13! k| ZHA0] SESH| H= o immediately and indefinitely (similar to Flux.retry()).
3 H L X+ ot ol
- Ol'— Ilod'—:lcl El‘h OO-IE EI EI. Ea:ix:‘ MO static RetrySpec max Mmax)
A Re Pl.:mi @ flr@ple strategy with maximum number
of re t ts.
[MEHELME0I|=0A] http://www.ktword.co.kr/test/view/view.php?m_temp1=991
static RetrySpec maxInARow(long maxInARow)
A retryspec preconfigured for a simple strategy with maximum number

of retry attempts over subsequent transient errors.

projectreactor.io
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RetryBackoffSpec
static RetryBackoffSpec backoff(long maxAttempts, Duration

A rRetryBackof fSpec preconfigured for exponential backoff strategy with
jitter,|given a maximum number of retry attempts and a minimum

uration for the backoff.

static RetryBackoffSygec fixedDelay(long maxAttempts, Duration fixedDelay)

A rRetryBackof fSpec preconfigured for fixed delays (min backoff equals
max backoff, nojitterb, given a maximum number of retry attempts and the
fixed ation for the backoff.

projectreactor.io

Jitter

= =l = =] -
3. HIO|E] S (Ifzlng S)oN s X|E RetrySpec
static RetrySpec indefinitely()
o 1Hzl X|od 0| UMBIK| o1 AA H5k . THZl 7to] ZHZ40| UXSIK| OF= &{Al A retryspec preconfigured for the most simplistic retry strategy: retry
A l“(DelaY) | L5kl & rT = s} ’ 13! k| ZHA0] SESH| H= o immediately and indefinitely (similar to Flux.retry()).
3 H L X+ ot ol
- Ol'— Ilod'—:lcl El‘h OO-IE EI EI. Ea:ix:‘ MO static RetrySpec max Mmax)
A Re Pl.:mi @ flr@ple strategy with maximum number
of re t ts.
[MEHELME0I|=0A] http://www.ktword.co.kr/test/view/view.php?m_temp1=991
static RetrySpec maxInARow(long maxInARow)
A retryspec preconfigured for a simple strategy with maximum number

of retry attempts over subsequent transient errors.

projectreactor.io



2 4 KAl X2k DEyEw

—
Retry.backoff Retry.fixedDelay
- MFIXMO 2 MA| £ 2424 S2IC} with Jitter - XHA|E 74 O
Retry.backoff(2,Duration.ofMillis(100)) Retry.fixedDelay(2,Duration.ofMillis(100))
SpeC = SN G specC = |. ® > (DD )
RBR— ~O-—OX>) 33 D
0/1 2 012
—Xr > — %>
—y v ¥
X X 5 X >
0 , 1 ,5 2
:@\!2;; . O @ ; »
v v v
retryWhen(spec)
A i

projectreactor.io
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ZEIX Hubl| A | F=F - Default: fixedDelay

- Client & timeout 2740] 27| Ct27|0]| Backoff 2%0| 22o|0|5i& 7tsd0| /U=
- RetryOf| MINSIGELE clientOf|H| 2 S22 HXslof g

- HX[ZHOIM backoff A&

 Mono. just(content) - Retry..Spec#doAfterRetry/Asnc(..)

.map( : :generate) - Retry..Spec#doBeforeRetry/Asnc(..)
. flatMap(c — .registerProduct(c, productInfo, requester)

.map(content: :withSalesDatetime) - Retry..Spec#onRetryExhaustedThrow(..)
)

.retryWhen(Retry. fixedDelay( Duration.ofMillis(100)) - Retry--speC#ﬂlter(--)
filter(t => t in iceof ProductIdDuplicateException) _ Retry..Spec#jitter ()

.doBeforeRetry(signal —> doSomething())
.doAfterRetry(signal —> doSomething())
.onRetryExhaustedThrow( (backOffSpec, signal) -> new ProductRegisterException(signal.failure()))

)
.flatMap(c —> | .insert(c)
.onErrorResume(t —> onInsertContentFailed(c).then(Mono.error(t)))

)
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2.5.1 Flux/Mono.handle DEviEW

Flux/Mono.handle

public final <R> Mono<R> handle(BiConsumer<? super T, SynchronousSink<R>p> handler)

public interface SynchronqusSink<T>

Interface to produceg synchronously "one signal” |to an underlying subscriber.

At most one next (T) call and/or one complete() Or error(Throwable) should be called|per invocation of the generator function.

projectreactor.io



2.5.1 Flux/Mono.handle DEVIEW

Flux/Mono.handle - SynchronousSink

SynchronousSink= &7 |& S 2 of #0f| ofLf2| |0 E{ 2 A dotrt,

AtomicInteger atomicInteger = new AtomicInteger(
ik next (atomicInteger gethnaTncrenent ()5 Generator 4= L{of| ]
ot S0 - next/complete/error 2 2} 1% 33
sinl-conpretel - next/complete/error 2% = £}

})

integerFlux.subscribe(new BaseSubscriber<>() { _
@0override - void next(T t)
hookOnSubscribe(Subscription subscription) {

request(EB1) - void complete()

- void error(Throwable e)

reactor.core.Exceptions$ErrorCallbackNotImplemented: java.lang.IllegalStaiteException: More than one call to onNext
Caused by:

java. lang.IllegalStateException: More than one call to onNext
at reactor.core.publisher.FluxGenerate$GenerateSubscription.next(




2.5.1 Flux/Mono.handle DEVIEW

Flux/Mono.map vs Flux/Mono.handle

Flux<ChannelInfo> channelWMapFlux = findChannels(CpType.
.map(channel —> {
(!isValid(channel)) {

Flux<ChannelInfo> channelHandleFlux = findChannels(CpType.
.handle((channel, channelSynchronousSink) —> {
(!isValid(channel)) {

ChannelInfo()
{ {

ChannelInfo channelInfo = channel.getChannelInfo() ChannelInfo channellnfo = channel.getChannelInfo()

(isValidState(channelInfo.getSvcState())) { (isValidState(channellnfo.getSvcState()))

RuntimeException() channelSynchronousSink.error( RuntimeException())

}

channel.getChannelInfo() channelSynchronousSink.next(channelInfo)

map Handle :jnl

map+< 1CH1 OfH
handle2 skip 7=

B = onError2 MO O

Element ignore X 0

Error throw new ~ sink.error(Throwable t) - map2 unchecked exception only
Emit item return t sink.next(T t)
Mono/Flux X|& O & e X DE XA

Synchronous X 2| A|, & &t Z29| element processing0| ERot A20]| handle



DEVIEW

2.5.2 Flux.concatMap

Flux.concatMap

public final <V> Flux<V> concatMap(Function<? super T,? extends Publisher<? extends V4> mapper)

Asynchronous handling of a single stream at a time

- concatMap& asynchronous& {X|6}H, OtX| map2} H| =81 &8 Jts
(CIO|Ef DHH /e 2k 2HHO0| Of:l =X & X 2| M)

—_ - -

- Flux X{2]A] map -> concatMap2 2 CHA| 75

Flux<ChannelInfo> channelConcatMapFlux = findChannels(CpType.
.concatMap(channel —> {
' ('isValid(channel)) {

v v v v v v v v Mono.empty()
concatMap(() — | ) {
ChannelInfo channelInfo = channel.getChannelInfo()

. . (isValidState(channelInfo.getSvcState())) {

subscribe()
subscribe()

v v Mono.error( RuntimeException())

Mono. just(channelInfo)

Inner Publisher®| complete 0| next generate

projectreactor.io



2.5.3 Flux/Mono.flatMap DEviEW

Flux/Mono.flatMap

flatMap<= asynchronous / 2] stream= merge o}l=& 2|

- Sub stream asynchronous handling
- LIRX2 = RO HIEE] AHE

(e.g. stream & Queue € 5)

Scalar stream/error & T X|2| §|ol] flatMap= Ar20ofX| QL0 &,
-> concatMapO & ChN| 7=

Flux<ChannelInfo> channelFlatMapFlux = findChannels(CpType.
. flatMap(channel —> {
(!isValid(channel)) {
Mono.empty()

{

ChannelInfo channelInfo = channel.getChannelInfo()

(isValidState(channelInfo.getSvcState())) {

Mono.error( RuntimeException())

Inner Publisher?| complete& ?|Ct2|X| A2

Mono. just(channelInfo)

projectreactor.io



2.5.4 A5 % §f|21 throw ™|

Flux/Mono.handle
- emit/error/ignore 25 HQot SLI0H H|0|AE HEESI= 3L

Flux.concatMap
- AsynchronousZ& §X|5l{Of o= 4%
- Flux chainingd|A| map= AI25tD U= 4L U 2t

AA o
- flatMap Q& scalar stream / error & B2tst= AL CHA| ot

Flux/Mono.flatMap

- AsynchronousE |X|olH 1:N Hel 22 flattenO| ot HZ
- 00| AFRSHT Q= AL

Flux/Mono.map

- Mono chaining0i|A] Zcts OWE =2 error & HHetsl= 3¢

- 0|0 ALRBHT Y= AL

DEVIEW
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2.5.4 B85 % 0l|2] throw & DEVIEW

KA|?_PO| 285 = &Y (e.qg. 2|F API/DB 91F)2? A
- &4 Mono/Flux EtgJS et

- block() AFE2 X

- AKX O|M flatMapo 2 flatten A|7{F/Of &

k (Mono= concatMap2 X|&SHX| ¢IoL|, HHIXMO 2 flatMap AIR) J




2.5.4 B85 % 0l|2] throw & DEVIEW

" A|7H0] AQEI= X (e.. 95 API/DB OIE)2? |

- & Mono/Flux Et S tHhet C|?_+0| A QL= ZAN map QLXIE AFRSHD /=T
- block() AFE X - No, th= O 3! AS0|TH AFE
- AKX 0]|M flatMap 2.2 flatten A|Z{F|OF & \_ J

\ (Mono= concatMap2 X|&lSHX| foL|, LHtXOo 2 flatMap AtE) J




2.5.4 B85 % 0l|2] throw & DEVIEW

[ NZtO] ARSI EY (e.g. 9K API/DB UE)2?

— SIAL ElQl S HIZ} f .
2 MonoE/lFqu = 2t AZ2H0| AQE|= ZHAH0f| map QIAXLE A6 U =I)?
- block() At8 X - No, Th TR 3 4502 At
- AKX 0]|M flatMap 2.2 flatten A|Z{F|OF & \_ J
\ (Mono= concatMap2 X|&SHX| ¢IoL|, HHIXMO 2 flatMap AIR) J

JZCH EfO|ESPH| AAXIE JEIHs YM0| M5 8L 0HE FET?

— O

|

Reactor?| C}Fst 0242 Q1AK}

24| 8= +12t0] otz 215-30] =Lt




2.6 2[HE HIAE oeview

oz2|0jH 2EIX Hub

- StepVerifier
- PublisherProbe
- TestPublisher



2.6.1 StepVerifier DEVIEW

StepVerifier

- Publisher sequence£& HE|AEGSI= declarative way
- OIoje] AEE/02]/2tz BS
- J}EH =0 HIE 2 ALRE

O IT L L_



2.6.2 PublisherProbe DEVIEW

PublisherProbe

Control flow2t Z##HEl HAEE 2|8l Mono/FluxE A ¥ & = test utility
- subscribe/cancel/request event AN 8 S 7=
- Y WEL HAE XS

- PublisherProbe.of(Publisher<? extends T> source)

- PublisherProbe.empty()

assertWasCancelled()

Check that the probe was cancelled at least once, or throw an AssertionError.

subscribe/cancel/request Capturing

assertWasNotCancelled()

Check that the probe was never cancelled, or throw an AssertionError.

long subscribeCount ()

assertWasNotRequested()
boolean wasCancelled() asse rt{N} Check that the probe was never requested, or throw an AssertionError.

>

boolean wasRequested() assertWasNotSubscribed ()

Check that the probe was never subscribed to, or throw an AssertionError.
boolean wasSubscribed ()

assertWasRequested|()

Check that the probe was requested at least once, or throw an i .

Pu bI |Sher X-l P, I-_ p q , AssertionError

assertWasSubscribed()

Check that the probe was subscribed to at least once, or throw an AssertionError.

projectreactor.io



2.6.2 PublisherProbe - retry 85 DEVIEW

@Test

ofefatsl_&ZEOI0|C|_S52d2_MA_HAE() {

CpType cpType = CpType.

LocalDateTime dateTime = LocalDateTime.of(

Content content = Content.builder()._id(
.cpType(cpType) . cpName ( ) .subId(
title( ) .naverId( )
.type(ContentType. )
.registerDatetime(dateTime)
.publishDatetime(dateTime.plusDays(1))
.productType(ProductType. )
.build()

PublisherProbe<ProductResponse> probe = PublisherProbe.of(
Mono.error( ProductIdDuplicateException())

)

when ( .registerProduct(any(), any(), any()))
.thenReturn(probe.mono())

ReservedContentPublisher publisher = ReservedContentPublisher(

)

StepVerifier.create(publisher.publish(content ProductInfo(), Requester.builder()
.naverId( )

.build())
) .expectError(RuntimeException. ) .verify()

probe.assertWasRequested()
probe.assertWasSubscribed()

assertThat (probe.subscribeCount()).isEqualTo(ReservedContentPublisher.




2.6.2 PublisherProbe - retry 85 DEVIEW

@Test

ofjerdtall _&FEO0M0|C|_S5Q1E2_ME_HAE() {

CpType cpType = CpType.

LocalDateTime dateTime = LocalDateTime.of(

Content content = Content.builder()._id( )
.cpType(cpType) . cpName ( ) .subId(
.title( ) .naverId( )
.type(ContentType. )
.registerDatetime(dateTime)
.publishDatetime(dateTime.plusDays(1))
.productType(ProductType. )
build()

PublisherProbe<ProductResponse> probe = PublisherProbe.of(
Mono.error( ProductIdDuplicateException())

)

when ( .registerProduct(any(), any(), any()))
.thenReturn(probe.mono())

ReservedContentPublisher publisher = ReservedContentPublisher(

)

StepVerifier.create(publisher.publish(content ProductInfo(), Requester.builder()
.naverId( )
.build())

) .expectError(RuntimeException. ).verify()

probe.assertWasRequested()
probe.assertWasSubscribed()

assertThat (probe.subscribeCount()).isEqualTo(ReservedContentPublisher.




2.6.2 PublisherProbe - retry 85 DEVIEW

@Test

ofjerdtall _&FEO0M0|C|_S5Q1E2_ME_HAE() {

CpType cpType = CpType.

LocalDateTime dateTime = LocalDateTime.of(

Content content = Content.builder()._id( )
.cpType(cpType) . cpName ( ) .subId(
.title( ) .naverId( )
.type(ContentType. )
.registerDatetime(dateTime)
.publishDatetime(dateTime.plusDays(1))
.productType(ProductType. )
build()

PublisherProbe<ProductResponse> probe = PublisherProbe.of( M I(ft
Mono.error( ProductIdDuplicateException()) OCKITO

’ counting method invocations

when ( .registerProduct(any(), any(), any())) EHx-"jl-h
.thenReturn(probe.mono()) <

ReservedContentPublisher publisher = ReservedContentPublisher( _ _
- Mockito.times(n)

)

StepVerifier.create(publisher.publish(content ProductInfo(), Requester.builder()

.naverId( )
.build())
) .expectError(RuntimeException. ).verify()

probe.assertWasRequested() 4 _ .
. probe subscribe count &
probe.assertWasSubscribed() P . u - )
- probe.subscribeCount() == ¢ % + retry 2%

assertThat (probe.subscribeCount()).isEqualTo(ReservedContentPublisher. + 1)




2.6.3 TestPublisher

TestPublisher

XM 0|0 E| X=H0| JHs8t Publisher A4

HAE ZHO= onNext/onComplete/onError E2|H I}=

Reactive Streams?| rule €|t 75 (e.g. null 3{2)

Hot / cold F2|SHAM ALE:
Implements PublisherProbe

static <T> TestPublisher<T>

static <T> TestPublisher<T>

create()

Create a standard hot TestPublisher.

createCold()

- TestPu
- TestPu
- TestPu
- TestPu

O O 0O 0O

IS
IS
IS
IS

ner<T
ner<T
ner<T

ner<]

|

> emit(T... values)
> error(Throwable t)
> next(T value)

> next(T first, T... rest)

Create a cold TestPublisher,|which can be subscribed to by multiple subscribers.

projectreactor.io
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2.6.3 TestPublisher DEVIEW

PublisherProbe.empty()

@lest

Publisherprobe_test() L > E'"A = %J_'_l'
PublisherProbe<Integer> publisher =|PublisherProbe.empty()

StepVerifier.create(toTest(publisher.flux()))
.expectNext (
.expectNext (
(

L

0
)
)
.expectNext(3)
.verifyComplete()

publisher.assertWasSubscribed()

Flux<Integer> toTest(Flux<Integer> integerFlux) {
integerFlux.concatMap(i —> Mono.just(i + 1))
.switchIfEmpty(Flux.fromIterable(Arrays.asList(




2.6.3 TestPublisher DEVIEW

TestPublisher.create()

@lTest

TestPublisher_test() { . > E_-"AE AI]IH
TestPublisher<Integer> publisher =|TestPublisher.<Integer>create().emit() -

StepVerifier.create(toTest(publisher.flux()))
expectNext | PublisherProbe should have been subscribed but it wasn't

0
)
)
)
T

.expectNext

(
(
.expectNext (
(
.verifyComplete()

publisher.assertWasSubscribed()

Flux<Integer> toTest(Flux<Integer> 1ntegerFlux) {

.switchIfEmpty (Flux. fromIterable(Arrays asList(




2.6.3 TestPublisher DEVIEW

TestPublisher.createCold()

@lTest

TestPublisher_test() { > E_-"AE Ejl_l-
TestPublisher<Integer> publisher = |TestPublisher.<Integer>createCold().emit() - ©

StepVerifier.create(toTest(publisher.flux()))
.expectNext (1)

.expectNext (2) TestPublisher.create() - hot publisherE /4

.expectNext(3)
.verifyComplete()

publisher.assertWasSubscribed() EﬂéEjl’ %EWEW_" createCoId()E Ifl_:ljc:)|

TestPublisher= 2| £ & Q & ©}7|0]
Reactive Streams?| rule= ?|dtol2i= Z10| OfL|2t™

PublisherProbe& A25}= 20| £2 MEH



3. Kafkaz H= 28X Hub.SSUL



HI 5 = C/U/D o
ZEX S|AER| MF
Ul /=AY E Hs
FHA| ZHA
II2E M
Ef SAHEF AUS
Rt
et

E = kafka2 publish

API Server . > MongoDB > §g cafka

Code base publish / Mongodb Change Streams

DEVIEW
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APl Server / Consumer =2

_ 0||:|1||=|:|:| =2l X x-|EI_|E AL

e = — e T

- 7|S/HIE A2 ER

Kafka Consumer £2]

\_

APl Server

Kafka
Consumer

—
[=]
T

Ap

=

~

» http call

J
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Kafka Consumer =

C R

APl Server

Kafka 2 ’%“?:1> it xll
Consumer R

\_ J




>

o - Xe2| S Kot
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DEVIEW

2021
. HI- n " Hl_ -

Slngle App jl = Retry/DLT plpe“ne 7H = Original-Topic —>» Consumer T A doSome::i‘t:gtlme =rror
Retry topic / Dead letter topic
N E'—-IEl-ODI O."E:|*| %?_:l-ﬂ' xHx_l El% -?_ -6H jl-ll:l':!- Retry-:.Topic —> Retry-1.Consumer .. .-~ A doSomeIt:i‘l:g e =
- Retry topic ~ DLT 7tX|2| H|O|&| IO[Z2}Q1 17

v - Runtime Error

Retry-2.Topic —> Retry-2.Consumer -. .-~ & doSomething
Error.Topic

HEIY] &= 5HO 2 Retry Kafka Endpoint (Listener)E S5 A|7
Single O Z2[3|0|/d 7|HtOo = 0|2 21+ S E2|E2I0| AHFHE BF L&



3.2 Single App 7|2 Retry/DLT pipeline 3

Usage

- 274 7|8t config
- QI AFHH / 2| EEIO] A2t ME CHE HAE AR It

KafkaDynamicEndpoint Processor A2 710|=

1. AbstractRetryJsonValueListener &%

Of| |
public class ContentHistoryListener extends AbstractRetryJsonValueListener<ContentMessage>
private static final String GROUP_ID = "“content-history-processor";

public ContentHistoryListener() {
super (GROUP_ID, ContentMessage.class);

}
@KafkaListener(
topics = "${media.kafka.topic.sps-contents}",
groupId = GROUP_ID,
containerFactory = "contentHistoryListenerContainerFactory"

)
public void consume(@onNull @Payload ContentMessage message, @Headers Map<String,
doSomething();

by

6 dynamic-kafka config &2 \

dynamic-kafka:
enable: true
default: # default consumer

classPath: com.naver.media.kafka.scs.premium.history.ContentHistoryListener
methodName: consume

containerFactory: contentHistoryListenerContainerFactory
retry: 2

\ interval: 5m # Sz O/X|g J
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Consumer group & retry/dead-letter topic format

Retry / Dead-Letter Topic Format

Retry Topic Format Error Topic Format

retry—{N}.{original-topic}.{groupId} error.{original-topic}.{groupId}

Of| Al

e 7| topic: premium-contents
e 7|Z& groupld: premium-listener

e dynamic-kafka.default.retry=3

CH2f Topic Name
Retry-Topic retry-1.premium-contents.premium-listener
Retry-Topic retry-2.premium-contents.premium-listener
Retry-Topic retry-3.premium-contents.premium-listener
Dead-Letter-Topic error.premium-contents.premium-listener




DEVIEW
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Retry Consumer0if|A] &= H|A|X] timestamp &-&

- DeadLetterRecoverer HAE Aoi= Sl A= H|A|X[2] timestamp 3| 7}
- =2 o w2 =AF MHE = US
- e.g.) timestamp& ?|Ht2 = keyE ‘4’JoI0¢{ 0| = H|0|E{F X{%Jol= case

- e.g.) last timestampE 0O|= H|0|E{0| ZLelSH= case

@KafkalListener(
topics =

groupld = G
(//’—- *-\\\\ containerFactory =

<21151 AlXIO] #i v consume(@onNull @Payload PremiumMessage<Content> message, ConsumerRecordMetadata metadata
_r=- —
== D" I I I tlmeStamp @Headers Map<String, Object> headers) {

ig timestamp = metadata.timestamp()

o A= HAIX[2] produced timestamp= HA|X| 3| 2] dynamic-kafka-original-timestamp E%éﬂ S .
f (headers.containsKey(

e dynamic-kafka-original-timestamp = Long typeZ2| byte buffer2 O|FHX U7[0]| it AL [1b=( [1)headers.get(

ByteBuffer buffer = ByteBuffer.allocate(Long.

buffer.put(b)
buffer.flip()

timestamp = buffer.getLong()




3.2 Single App ?|"F Retry/DLT pipeline

mdle

&8 AR - ZEIA #7202

L.— L. O |

Topics

Show 10 % entries

Topic

media-data-spsContents-complete-
changed

retry-1.media-data-spsContents-
complete-changed.content-history-
processor

retry-2.media-data-spsContents-
complete-changed.content-history-
processor

error.media-data-spsContents-

complete-changed.content-history-
processor

- HINX] X2 2 St

2 Mt
= O

#
Partitions

1

#
Brokers

3

Brokers
Spread %

60

60

60

60

Brokers
Skew %

0

- |2l HALFMO[M Retry 2% §{0| API 915 0f|2] LS 7t
- X2|off £|F AHulot O|HE = error topicQE 3

- Y& MA|X|Q timestamp 2|82 2 db keyE AiA -> 2= A{7}

Brokers
Leader # Under
Skew % Replicas Replicated %
0 3 0
0 3 0
0 3 0
0 3 0
Hi >4

- O

Z|0E Ol i

Summed
Producer Recent
Message/Sec Offsets

0.00 32,626

0.00

0.00

0.00

DEVIEW
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- T oot 32 DLT(error) topic CHE O 2 XX 2| consumer run
J

MH|A H|=Z H[0|E or & Y0| X2 H|0O|E
-> =2 BARAL, B0l AlZH0] 22 5[0 = OK



3.3

22|=.. Microservice per Database

- Polyglot Database

- MH|A 2F =X}A write/update flow gItH

Service A

Read/ Write

y

~
N —

—
—

SN —

MySQL
Database

e

Service B

Read/ Write

~

—
.

SN —

MongoDB
Database

e

Service C

Read/ Write

y

_ >

Cassandra
Database

S e

https://www.baeldung.com/cs/microservices-db-design
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3.3

=1 flow

- T oot 32 DLT(error) topic CHE O 2 XX 2| consumer run
J

AMH|A H|== O|O|E] or = 0| 2 H|O|E
-> F=2 BAEALE, 2E0| AZ2H0] 22 5|0 = F-F0| ALt

- 2 20t Hes

— = 1

H{ 243

E} Part2| Microservice 2 91-56}HH G|0|E| AIEE B1A

- MH|A 2t Data ConsistencyE 2| Al 2RIt

DEVIEW
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- Sequence of local transactions
- 2 |ocal transactionO| 2t =l = O|HIE /| A| X| Et:H

f

\-

A Service

Local
Transaction

~

Message/event

/

>

-

\_

B Service

Local
Transaction

~

Message/event

J

>

-

\_

C Service

Local
Transaction

\\

=
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2021



Sequence of local transactions
2t local transactionO| 2t2 =l S O|HI E /H|A| X| LidH
Compensation O|HI E/H|A| X]

Data consistency

-

\-

-

N 4 N
A Service B Service C Service
Message/event > Message/event .
Local Local
Transaction Transaction
J \_ J
~ s ~ )
A Service B Service
Message/event Message/event Trigger _
“ < compensation
Local Local
Transaction Transaction
J \_ J

U

J

DEVIEW
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3.4 Saga

Choreography-based

- 2f'local transactionO| Ef MH|AQ| local transaction trigger

- H2 AH|A U 2T IS0 X3

- 0| H| 1A &

° POST /orders ﬁ)

Order \

—_

- 1 L_- T 1

Order Created

VL

Service

Order events channel

<<aggregates>

Order

)

o

X2k, ERHZHH =X0| 025

Credit Reserved

POST /customer ?

(

\

/

T

Customer events channel ; ;

O Credit Limit Exceeded

Customer
Service

<<aggregate>>
Customer

\0

DEVIEW
2021

Orchestration-based

- Local transactions= S0||A| 2t2|S5H= Orchestrator?t =X|
- U2 AMH|AD} et BT

Lo —

o
- Transaction?| &Y =3} But 28 E! 4~ )2

? POST /orders

...............................

Reserve Credit :Message Broker

Order |

Controller Comman d '
o D Customer Service /
v Comman d Channel
Order ’ N .| Command
. i ! > Customer
&= -0 wr e
a L § :
Cr;at o reserve()
e | L
Order i
Saga | Cu:*.torner>
approve()

v y
<<aggregate>>

Order

Ord Customer
r _er Service
Service

https://microservices.io/patterns/data/saga.html
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B AR - ZHA LA 2

- LAY E MHAE QX MHE DBOJ| HX
- HISY| Moo, w4 otE ST 5
- Data Consistency’} II9:|X1OF =1,

- e g ) Alx." I:II-_+_0| Q}EEl OﬂE HEN %r é;I'El'l% jl'xln:l

- e.g.) 2N 230 2HAS0E "ES T JENS 7HX[H O

Local Transaction

Local Transaction

--------------------------------------------------------------
-------
0 ‘e

FAHE YR LS ‘ _ Newsletter i s
: P a P
ZHIX Hub P AR|Caruer : o
—— e, : = = S R 5 S | =2 XIS
l g APIServer  +> DB ot o HY & S

[l

% process / 102 7| processing

S *
.....
------------------------------------------------------------------

.
.....
-------------------------------------------------------------------------------

B MH[A



3.4 Saga

R*C-DI nj:' %I.‘_I- O Al _*_léﬁl.

Choreography-based
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Local Transaction

-------------------------------------------------------------------------------
. ]
tttt

ZEIX Hub

w <+-» MongoDB

API Server

*
.......
-------------------------------------------------------------------------------

Document

Kafka
Consumer

Local Transaction

---------------------------------------------------------------------------
“““““
.

HFA
Newsletter &5 » DB ¢

API Server

. o
....
--------------------------------------------------------------------------

4% process / 102 37| processing

DEVIEW
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3.4 Saga 2621

HIX AR E 4 QX AlTY case

- Newsletter server= rest/http endpoint2t X|&
- Retry/DLT pipleline &

- AMH|A Y995 =71 A| Retry/DLT topic2 = pipe

- BS 7t AlE0| RHA 2]

Document
{
_id" "
. state”: "H&E=S
Local Transaction }
FALUEH Y A TS
ZHIX Hub N
e i» — - <) N i ADICarumr o G D i > EXt
l > APIServer MongoDB cata . M
: Consumer HE"% Rjg avent
----------------------------------------------------------------------------------- Single App leH_I_
Retry/DLT pipeline

SO, HiZE, 2122} OO0l K7 72 a8t



Document

Local Transaction

--------------------------------------------------------------------------------
. ‘e
.
. ‘e

ZH= Hub

“state”: "4 bR
} API Server
MongoDB <-»
T e LT S
{ : Consumer
O idm

.
......
-------------------------------------------------------------------------------

DEVIEW

2021
Local Transaction
Newsletter &<
API Server +—> DB g

‘% ‘t'
y .
NN NN NN NN NN NN NN NN NN EEEE NN EEEE NN EEEE NN EEEENEEEEEEEEEEEEEEEEEEERED

% process / 10& 37| processing

[l




ZHX FALE &S SH A2| A case

- Server &0l A] consumer down / group0i|A] X|>
- 271 A| 0| ™ offset 7|& XI5 XX 2| FIsH

. Document
{
e
“state
SAZE R U s 3
ZEIX Hub Kafka
—_— e i <P MongODB :
EEE : API Server : ____________ > Topic

Kafka
consumer

A

Local Transaction

-----------------------------------------------------------------------------

.

. .
o e

Newsletter &<

API Server <« DB

*
.....
----------------------------------------------------------------------------

% process / N& F7| processing

[l
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3.4 Saga

Of|A| A& Service

off i) sSof= 20| 38

KO
Wwr
{0
<0

I

I.






4.1 28X Hub= 4% ing SEy=

- Change Data Capture
- Kafka Consumer Monitoring

- MongoDB = flow



S

Thank You




