Developing event-driven
microservices with event

sourcing and CQRS
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Scalable Web Architecture, Processes, and Organizations
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Money IransferService

AccountService

Money Transfer
fromAccountld = 101
toAccountld = 202
amount = 55
state = COMPLETED

Account Account

id =101 id = 202
balance = 195 pbalance = 180
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Event sourcing
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Account

balance
101 901 AccountOpened 500

open(initial)
debit(amount) 101 902 AccountCredited 250
credit(amount)

101 903 AccountDebited 300
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done atomically

Single action that can
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balance

processCommand(cmd : Command) : Seqg[Events]
applyEvent(event : Event) : Account




Used by Event Store
to reconstitute Apply event returning

aggregate updated Aggregate

trait Aggregate[T] { self : T =>
def applyEvent(event : Event) : T
'}

'trait CommandProcessingAggregate[T, -CT] extends Aggregate[T] { self : T =>
def processCommand(command : CT) : Seqg[Event]

3}

Map Command to Events




AcCounit = CommEanal PMCEsSSINgG

case class Account(balance : BigDecimal)
. extends PatternMatchingCommandProcessingAggregate[Account, AccountCommand] {

def this() = this(null)

. def processCommand = {
case OpenAccountCommand(initialBalance) => Prevent
Seq(AccountOpenedEvent (initialBalance)) Overd raft

case CreditAccountCommand(amount, transactionId) =>
Seq(AccountCreditedEvent(amount, transactionId))

case DebitAccountCommand(amount, transactionId) if amount <= balance =>
Seq(AccountDebitedEvent (amount, transactionId))

case DebitAccountCommand(amount, transactionId) =>
Seq(AccountDebitFailedDueToInsufficientFundsEvent (amount, transactionId))



]

]

case class Account(balance : BigDecimal)
extends PatternMatchingCommandProcessingAggregate [Account ccountCommand] {

def applyEvent = {
case AccountOpenedEvent(initialBalance) => copy(balance = initialBalance)
case AccountDebitedEvent(amount, _) => copy(balance = balance - amount)

case AccountCreditedEvent(amount, _) =>
copy(balance = balance + amount)

case AccountDebitFailedDueToInsufficientFundsEvent(amount, _) =>
this



itrait EventStore {

def save[T <: Aggregate[T] : ClassTag](events: Seq[Event], assignedId: Option[EntityId] = None)
: Future[EntityIdAndVersion]

def update[T <: Aggregate[T] : ClassTag](entityIdAndVersion: EntityIdAndVersion, events: Seq[Event])
: Future[EntityIdAndVersion]

def find[T <: Aggregate[T] : ClassTagl(entityId: EntityId)
: Future[EntityWithMetadata[T]]

def findOptional[T <: Aggregate[T] : ClassTag] (entityId: EntityId)
: Future[Option[EntityWithMetadatal[T]]]

Reactive/Async API
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Account AccountAggregate

balance processCommand(Account, Command) : Seq|Events]

applyEvent(Account, Event) : Account




Agoregriie type classes/imipiic!
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trait Aggregate[T, -EV <: Event] {
def newInstance() : T

def applyEvent(aggregate : T, event : EV) : T
def applyEvents(aggregate: T, events: Seq[EV]) : T =

events.foldLeft(aggregate) (applyEvent)
'}

trait Command

itrait AggregateCommandProcessor([T , -CT <: Command, EV <:

Event] {

def processCommand(aggregate : T, command : CT) : Seq[EV]

1}
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Behavior

case class TransferDetajids(fromAccountId : EntityId, toAccountId : EntityId, amount/. Money)
case class MoneyTransfer(state : TransferStates.State, details : TransferDetails)

implicit object MoneyTransferAggregate extends Aggregate[MoneyTransfer, MoneyTransferEvent]
with AggregateCommandProcessor[MoneyTransfer, MoneyTransferCommand, MoneyTransferEvent] {

override def newInstance() = MoneyTransfer(TransferStates.NEW, null)

override def processCommand(mt: MoneyTransfer, command: MoneyTransferCommand): Seq[MoneyTransferEvent] =
command match {...}

override def applyEvent(mt: MoneyTransfer, event: MoneyTransferEvent): MoneyTransfer =
event match {...}
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Enables inference of T, and EV

étrait EventStore {

def save[T, EV <: Event](clasz : Class[T], events: Seq[EV], assignedId: Option[EntityId] = None)
(implicit ag : Aggregate[T, EV]) :
Future[EntityIdAndVersion]

def update[T, EV <: Eventl(clasz : Class[T], entityIdAndVersion: EntityIdAndVersion, events: Seq[EV])
(implicit ag : Aggregate[T, EV]) :
Future[EntityIdAndVersion]

def find[T, EV <: Event](clasz : Class[T], entityId: EntityId)
(implicit ag : Aggregate[T, EV]): Future[EntityWithMetadatal[T, EV]]

def findOptional[T, EV <: Eventl(clasz : Class[T], entityId: EntityId)
(implicit ag : Aggregate[T, EV]): Future[Option[EntityWithMetadatalT, EV]]]

o}

Tells ES how to instantiate

aggregate and apply events
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Aggregrlie design
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Asynchronous Sprng MVG
conitrolller

@RestController
class MoneyTransferController @Autowired()(moneyTransferService : MoneyTransferService,
3 eventStore : EventStore) {

@RequestMapping(value=Array("/transfers"), method = Array(RequestMethod.P0OST))
1 def create(@RequestBody transferDetails : TransferDetails) = WebUtil.toDeferredResult {
for (transaction <- moneyTransferService.transferMoney(transferDetails))
yield CreateMoneyTransferResponse(transaction.entityId.id)

Scala Future => Spring MVC DeferredResult




Money IrnSierseErvice

sclass MoneyTransferService(implicit eventStore : EventStore) {

def transferMoney(transferDetails : TransferDetails) =
newEntity[MoneyTransfer] <== CreateMoneyTransferCommand(transferDetails)

DSL concisely specifies:

1.Creates Money Transfer aggregate
2.Processes command

3.Applies events

4.Persists events
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@EventSubscriber (id = "transactionEventHandlers")
class MoneyTransferEventHandlers(implicit eventStore: EventStore)

5 extends CompoundEventHandler {

val recordDebit =
3 handlerForEvent [AccountDebitedEvent] { de =>
existingEntity [MoneyTransfer] (de.event.transactionId) <==

RecordDebitCommand(de.entityId)
4 }

1.Load MoneyTransfer aggregate
2.Processes command
3.Applies events

4.Persists events
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(Denormalized)
View

Command-side Query-side

Event Store




Updater - microservice

View Updater
Service

Event Store

View
Store

e.g.
MongoDB
Neo4

CloudSearch

View Query
Service

Reader - microservice
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Current

balance
id: "298993498",

balance: 100000,
transfers : | Money Transfers that

{"transferId" : "4552840948484", upda’[e the account
"fromAccountId" : 298993498,

"toAccountId" : 3483948934,

"amount" : 5000},
I The debits and credits
changes: [
{"changeId" : "93843948934",
"transferId" : "4552840948484",
"transactionType" : "AccountDebited",
"amount" : 5000},

pznorMmalizzcl = athciant loolauy
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class AccountInfoUpdateService
(accountInfoRepository : AccountInfoRepository, mongoTemplate : MongoTemplate)
extends CompoundEventHandler {

@EventHandlerMethod
def created(de: DispatchedEvent [AccountOpenedEvent]) = ..

@EventHandlerMethod
def recordDebit (de: DispatchedEvent[AccountDebitedEvent]) = .

@EventHandlerMethod
def recordCredit (de: DispatchedEvent[AccountCreditedEvent]) = ..

@EventHandlerMethod
def recordTransfer (de: DispatchedEvent[MoneyTransferCreatedEvent]) = ..
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this.handlers[accountEvents.entityTypeName] [accountEvents.AccountOpenedEvent] =
function (event, callback) {
accountViewUpdaterService.createAccount (event, callback)

¥

this.handlers[accountEvents.entityTypeName] [accountEvents.AccountDebitedEvent] =
function (event, callback) {
accountViewUpdaterService.saveAccountChange (event, -1, callback);

Y

exports.saveAccountChange = function(event, delta, callback) {

var update = {
Sinc: { balance: amount * delta },
Spush: { changes: ci },
Sset: { version: changelId }

}i
var options = { multi: true };

db.AccountModel .update (conditions, update, options, callback);
I
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