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Microservices world



https://medium.com/@_J Gall}(smantling—a—monolith—8486e6baaf69


https://medium.com/@_JuanGallo/dismantling-a-monolith-8486e6baaf69

Microservices world, A.D.
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A few years later

tions for cloud & edge systems" Gan et al., ASPLOS’19
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https://www.csl.cornell.edu/~delimitrou/papers/2019.asplos.microservices.pdf

Whom should
| talk to?

There is a
failurel!!!

Where Is
the failure?

I’m still
processing...

What'’s going
on???

Take all these
documents!

Why are you guys
so slow?




Frameworks grows and
foundation
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"Netty has emerged as the de-facto
standard for network programming In
Java"

- Undertow Team


http://undertow.io/blog/2019/04/15/Undertow-3.html

Netty core

Low number of
threads

No context
switches

~—

Requests =

/

EventLoop

Fully asynchronous and event-driven



Netty features

* Efficient memory allocation
and control

* Highly optimized and
feature rich native SSL/TLS
engines

* Optimized transport
¢ JavaNIO
 Epoll / Kqueue
* |O_uring is coming
 UnixDomainSocket

Peter Veentjer
@PeterVeentjer

As part of our Hazelcast hackathon, | integrated Netty as
a replacement for our custom networking and ran some
benchmarks on 4 powerful ec2 instances (3 clients, 1
server). | saw up to double-digit throughput
improvements of Netty NIO vs Netty io_uring; pretty
amazing!

7:31 AM - Oct 21, 2020 - Twitter Web App
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OPTIMIZATIONS IN NETTY?

"Optimizations everywhere: Netty internals” by @normanmaurer, 2018

https://speakerdeck.com/normanmaurer/netty-internals-optimizations-everywhere
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https://speakerdeck.com/normanmaurer/netty-internals-optimizations-everywhere
https://twitter.com/normanmaurer

Why not just to use Netty?

* Joo low level

* Memory reference counting

* Manual back pressure management

* Requires deep knowledge of networking protocols

* Associating requests with responses, correlating errors
* No connection pooling

* No L7 (OSl) connection management

15



What is ServiceTalk?

* Developed by Netty team ¥ Pinned Tweet
] Q S.cott. @Scott_mitch_ - Nov 5, 2019 | | 000
® G |VeS best O u't Of N etty Big milestone for our team today. We just open sourced servicetalk.io a

higher level networking framework on top of #netty. It makes the power of

#netty more accessible in a safer fashion while also offering more

® H |d es com p I ex features. Please check it out, feedback welcome!

 Accumulates years of experience
e OSS’ed in Nov 2019
* Proven to work under huge scale
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https://twitter.com/Scott_mitch_/status/1191811491202097152

Why do | need your Reactive
Streams?



Reactive Streams




package org.reactivestreams; www.reactive-streams.org

public interface Publisher<T> { Module 2va base

public void subscribe(Subscriber<? super T> s); Package java.ulll.concurrent
1 Class -low

public interface Subscriber<T> {
public void onSubscribe(Subscription s);
public void onNext(T t);
public void onError(Throwable t);

public void onComplete();

public interface Subscription { public interface Processor<l, R>
extends Subscriber<T>, Publisher<R> {
public void request(long n); s

public void cancel();

19


https://www.reactive-streams.org/
https://docs.oracle.com/javase/9/docs/api/java.base-summary.html
https://docs.oracle.com/javase/9/docs/api/java/util/concurrent/package-summary.html
https://docs.oracle.com/javase/9/docs/api/java/util/concurrent/Flow.html

Reactive Streams




Back pressure

public interface Subscription {

public void request(long n);

21



Reactive Streams




Cancellation

public interface Subscription {

public void cancel();

2. Expensive code

1. Request
—_—

3. Close browser

23



Cancellation

2. Expensive code 5. Expensive code 7. Expensive code

1. Request 4. Request
—_— ————

6. Request

_

3. Close browser

8. Request

9. Expensive code

CPU
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Cancellation

2. Expensive code

1. Request

_/v/\_>
I\

3. Close browser
4. Cancel

Aa

CPU
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Reactive Streams

"Adventures with Reactive Streams" by @NiteshKant and @jovoordeckers, 2018

https.//speakerdeck.com/jayv/adventures-with-reactive-streams
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https://speakerdeck.com/jayv/adventures-with-reactive-streams
https://twitter.com/niteshkant
https://twitter.com/jovoordeckers

Reactive Streams Challenges

"Reactive programming: lessons learned" by @tnurkiewicz, 2019
https://2019.jpoint.ru/talks/57wqg8absSytwmw7pdjvxcjd/
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https://twitter.com/tnurkiewicz
https://2019.jpoint.ru/talks/57wq8ab5ytwmw7pdjvxcjd/

The biggest challenge

Learning new concepts
and changing development style



ServiceTalk design principals




Main principles




Reactive Streams

Single<Pojo> pojo = client.request(req)
.map(resp —> {
if (resp.status() '= 0K)
throw error("Not 0K");
return resp.payloadBody(deserializer);

r);

Imperative

HttpResponse resp = client.request(req);
if (resp.status() '= OK)
throw error("Not 0K");
Pojo pojo = resp.payloadBody(deserializer);

31



Main principles




Project split into 50 modules

servicetalk- servicetalk-http-router-jersey-i..

: servicetalk-http-router-jerse)
servicetalk-benchmarks 5 t t i Y

servicetalk-bom servicetalk-http-router-predicate
servicetalk- 1

) ) servicetalk-http-security-jersey
servicetalk-buffer-ap

) ) servicetalk-http-utils
servicetalk-buffer-netty

. . . servicetalk-loadbalancer
servicetalk-client-api-interna
servicetalk-logdj2-mdc-utils
servicetalk-client-api

servicetalk-logd4j2-mdc

[ ]
- s R - - | -
u servicetalk-logging-api

servicetalk-concurrent-ap
servicetalk-logging-sifdj-internal
servicetalk-concurrent-internal

-impl-name: 16 modules

servicetalk-opentracing-asyncec...
servicetalk-concurrent-reactive..
servicetalk-opentrac

servicetalk-concurrent

internal: 11 modules

servicetalk-o ng-inmem...

Se'."icetall;—jata_ al:L\Sl:l—

servicetalk racing-internal

servicetalk-dns-discovery-netty )
servicetalk

servicetalk-encoding-ap . )
. servicetalk-router-api

servicetalk-examples . o
i ‘ pies servicetalk-router-utils-internal

servicetalk-gradle-plugin-inter...

servicetalk-serialization-api

servicetalk-grpc-ap servicetalk-tcp-netty-interna

servicetalk-grpc-netty

servicetalk-test-re
servicetalk-grpc-protobuf servicetalk-transport-api
servicetalk-grpc-protoc servicetalk-transport-netty-int...
servicetalk-http-api servicetalk-transport-netty

servicetalk-http-netty servicetalk-utils-internal
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Main principles




ServiceTalk

Multiple protocols:
« HTTP/1.x, HTTP/2.0, gRPC, TCP.

Multiple programming paradigms:
* Blocking / Asynchronous
* Aggregated / Streaming

Enables microservices:
» Service Discovery
* | oad Balancing

* Observability »
Netty e Auto-retries ‘l
o Extensibility

35

Reactive core




APl variance

Aggregated Streaming
Blockin Servlet Servlet
9 Apache HTTP Client Apache HTTP Client
Finagle, Reactor Netty
Asynchronous CompletionStage Reactor

36




Service as a Function

(ctx, request, responseFactory) —>
responseFactory.ok().payloadBody("Hello World!", textSerializer())

37



Service as a Function

(ctx, request, responseFactory) —>

Blocking aggregated responseFactory.ok().payloadBody("Hello World!", textSerializer())

(ctx, request, response) —> {
try (HttpPayloadWriter<String> payloadWriter =
response.sendMetaData(textSerializer())) A
payloadWriter.write("Hello ");
payloadWriter.write("World!");

Blocking streaming

(ctx, request, responseFactory) —->
Async aggregated Single.succeeded(responseFactory.ok()
. payloadBody("Hello World!", textSerializer()))

(ctx, request, responseFactory) —>
Single.succeeded(responseFactory.ok()

Async streaming . payloadBody (Publisher.from(“Hello ", “World!"),
textSerializer()))

38


https://docs.servicetalk.io/servicetalk-http-api/SNAPSHOT/programming-paradigms.html

Unified API

API variants share:
 HttpMetaData (version, headers, etc.)
 Conversion between APls

Client and server share:

e The same HITP classes
(request / response):

e |O and worker executors

39

Protocols share:

Operators

Filters
LoadBalancer
ServiceDiscoverer

Programming paradigms (AP|
variants)



Offloading or
Can | block right here?



Asynchronous execution

Requests = I EventLoop '

J Low number of threads

‘/ High RPS




Asynchronous execution

Requests = I EventLoop '

J Low number of threads

/ High RPS

Applloatlon code Blocks!




Asynchronous execution

24

EventLoop

Appllcatlon code Blocks!

~—

Requests =

J Low number of threads

Y 4 i b RPA
v I_Ilyl v

Latency spikes
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Safe execution

Worker
Threads

~—

Requests =

/

EventLoop

ServiceTalk.io

Jetty Safe to block by default ¥

Tomcat
Docs: Blocking safe by default

44


https://docs.servicetalk.io/servicetalk-http-api/SNAPSHOT/blocking-safe-by-default.html

Evolving to asynchronous

n Worker

Threads

~—

Requests =

/"

EventLoop

_ Default
Non-blocking but
required optional

Docs: Evolving to asynchronous

45


https://docs.servicetalk.io/servicetalk-http-api/SNAPSHOT/evolve-to-async.html

Execution strategy control

public final class HttpExecutionStrategies {

. . . ServiceTalk computes
public static HttpExecutionStrategy defaultStrategy() { . _
return Builder.DEFAULT; optimal ExecutionStrategy

’ based on:

public static HttpExecutionStrategy noOffloadsStrategy() {

* used API variant
return NO OFFLOADS NO EXECUTOR;

b * inserted filters and
public static Builder customStrategyBuilder() { extensions

return new Builder(); . .
} * per-route configuration

public interface HttpExecutionStrategyInfluencer {

HttpExecutionStrategy influenceStrategy(
HttpExecutionStrategy strategy);

46


https://docs.servicetalk.io/servicetalk-http-api/SNAPSHOT/evolve-to-async.html
https://docs.servicetalk.io/servicetalk-http-api/SNAPSHOT/blocking-safe-by-default.html

Smart-client:
Load balancing & Service
Discoverer



Load balancing approach 1: Proxy

2. Call proxy 3. Call Instance #1 @ IP X




Load balancing approach 1: Proxy

2. Call proxy 3. Call Instance #1 @ IP X

1. RequeSt User

service

J Simplifies application logic

J Works if no control over clients

49



Load balancing approach 1: Proxy

2. Call proxy é\ th\ 3. Call Instance #1 @ IP X




Load balancing approach 1: Proxy

2. Call proxy
o

service

x Central point of failure
x Component in data path

x Environment / protocol limits

51



Load balancing approach 2: Service mesh

Container Container

=




Load balancing approach 2: Service mesh

Container Container

2 K

J Simplifies application logic

] Works if no control over clients

/ No central point of failure



Load balancing approach 2: Service mesh

éagb

Container Container

I—KiHH




Load balancing approach 2: Service mesh

Container

Container

x Distributed but more components on data path

x Environment / protocol limits



Load balancing approach 2: Service mesh

Container Container

. Plaintext Plaintext
w v




Load balancing approach 2: Service mesh

Container Container

. -<_>- -
Serwce q .-




ServiceTalk: Client-side load balancing




ServiceTalk: Client-side load balancing

2. SelectIP Z

D 1. Request

v




ServiceTalk: Client-side load balancing

2. SelectIP Z

3. Call Instance #3 @ IP Z

D 1. Request
———————————-



ServiceTalk: Client-side load balancing

2.Select IP Z - / Reduce tail latency
3. Call Instance #3 @ IP Z J

No central point of failure

IP: X
e
1. Request User Less on the data path
— 2 CiNQ
service IP: Y / Request level visibility
R :
A
- / Proactive Circuit Breaking
v
IP: Z TLS in application
Service

Discovery

61



Monitoring / Observability /
Debuggability




Why Distributed Tracing?

4. Call Service C
5. Call Service D

2. Call Service A
3. Call Service B
1. Request
6 Call Service E




Why Distributed Tracing?

4. Call Service C
5. Call Service D

2. Call Service A
3. Call Service B
1. Request
6 Call Service E




Why Distributed Tracing?

4. Call Service C
5. Call Service D

2. Call Service A
3. Call Service B
1. Request
6 Call Service E




Distributed Tracing

4. Call Service C
5. Call Service D

2. Call Service A
3. Call Service B
1. Request
6. Call Service E

servicetalk-opentracing-*




Request is taking longer than expected?

Or encountered an unexpected error?

What’s going on?



DNS ServiceDiscoverer Observer

requestStart requestEnd

/ /

 Decoupled from request-response

ifecycle

- . DNS request
e Notifies a client when servers are .

discovered

How many resolutions do we make? What was the result of the resolution?

Did any resolution fail? How this result affected our client?

How long did it take? Do we update results on-time?

68



Request-response lifecycle

Filters enable request-response interception:

/ requestStart / requestBodyStart / responseReceived / responseBodyStart
Request Request Response Response
meta-data payload body g meta-data payload body

requestSent 5 responseComplete
Latency Connection reuse ratio Number of retries

Failures Requests for auth Number of redirects

69
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L4 TransportObserver

TCP TLS Write data Read data
handshake hanshake stream stream
» Total number of bytes read/written * Write/read boundaries
* Flushing frequency * Writability of the channel
 SSLSession or failure cause * Flush strategy
* Connection type and info * Thread hop time
e Streams tracking  Read demand and availabllity

* Connection/stream closure reason * Write/read operation result

71


https://servicetalk.io/blob/main/servicetalk-transport-api/src/main/java/io/servicetalk/transport/api/TransportObserver.java

Understandable exceptions

* Decoder tells exactly what was wrong with the message

* java.nio.channels.ClosedChannelException with more info:
* which side initiated the closure?
* was the closure expected at protocol level?
* what event initiated the closure”?

* RetryableException marker interface

72



Wire logging for full transparency

2020-11-27 00:17:51,750 servicetalk—-global-io—executor-1-2 [INFO ] client - [id: OxfaleBae@] REGISTERED
2020-11-27 00:17:51,753 servicetalk—-global-io—-executor-1-2 [INFO ] client - [id: @Oxfale8ae®] CONNECT null —
localhost/127.0.0.1:8080

2020-11-27 00:17:51,758 servicetalk—-global-io-executor-1-2 [INFO ] client - [id: OxfaleB8ae®, L:/127.0.0.1:65530 -
R:localhost/127.0.0.1:8080] ACTIVE
2020-11-27 00:17:51,848 servicetalk-global-io-executor-1-2 [INFO ] client - [id: OxfaleB8ae®@, L:/127.0.0.1:65530 -
R:localhost/127.0.0.1:8080] WRITE 48B

00000000 | 47 45 54 20 2f 73 61 79 48 65 6¢C 6C 6T 20 48 54 |GET /sayHello HT
00000010| 54 50 2f 31 2e 31 0d 0a 68 6f 73 74 3a 20 6¢c 6f |TP/1.1..host: 1o
00000020| 63 61 6C 68 6T 73 74 3a 38 30 38 30 0d Qa 0d Qa |calhost:8080....
o e e +

2020-11-27 00:17:51,849 servicetalk—-global-io-executor-1-2 [INFO ] client - [id: Oxfale8ae®@, L:/127.0.0.1:65530 -
R:localhost/127.0.0.1:8080] WRITE OB

2020-11-27 00:17:51,850 servicetalk—-global-io-executor-1-2 [INFO ] client - [id: OxfaleB8ae®, L:/127.0.0.1:65530 -
R: localhost/127.0.0.1:8080] USER_EVENT io.servicetalk.transport.netty.internal.CloseHandler$OutboundDataEndEvent

2020-11-27 00:17:51,852 servicetalk—-global-io-executor-1-2 [INFO ] client - [id: OxfaleB8ae®, L:/127.0.0.1:65530 -
R:localhost/127.0.0.1:8080] WRITE OB

2020-11-27 00:17:51,853 servicetalk—-global-io—-executor-1-2 [INFO ] client - [id: OxfaleB8ae®, L:/127.0.0.1:65530 -
R:localhost/127.0.0.1:8080] FLUSH

/3



Additional features




Extensibility using filtering

centrequest) —> [N -~~~ (AN —
eronce <— (N <~ I <—

/ Logging and metrics J Redirects
J Authentication ] Concurrency control
/ Retries and error handling /

Payload transformations

75



Pluggable routing
JAX-RS router

@Path('"/greetings"')
public class JaxRsResource A
QGET
@Path("/hello")
@Produces(TEXT PLAIN)
public String hello(@DefaultValue("world")
@QueryParam("who")
final String who) {
return "Hello " + who;

ServerContext serverContext =
HttpServers. forPort(8080)
. ListenStreamingAndAwait (
new HttpJlerseyRouterBuilder()
.buildStreaming(new JaxRsApplication()));

servicetalk-http-router-jersey

/6


https://docs.servicetalk.io/servicetalk-http-router-jersey/SNAPSHOT/index.html

Pluggable routing

JAX-RS router Predicate router

ServerContext serverContext =
HttpServers. forPort(8080)

ServerContext serverContext = . ListenStreamingAndAwait (
| HttpServers.forPor?(8®8®) new HttpPredicateRouterBuilder()
. listenStreamingAndAwait( .whenPathEquals("/routel")
new HttpJerseyRouterBuilder() . thenRouteTo(servicel)
.buildStreaming(new JaxRsApplication())); .whenPathStartsWith("/route2")

. thenRouteTo(service?2)
.buildStreaming());

servicetalk-http-router-jersey servicetalk-http-router-predicate

(77



Automatic recovery from failures

* Auto-retry recoverable failures
* When if’s safe to do so
* When users configure additional conditions

AutoRetryStrategyProvider
RetryingHttpRequesterFilter

RetryableException

* | oad Balancer Is capable to do circuit breaking

/8



Context propagation

Asynchronous?
Where is my

MDC?
AsyncContext.put(key, value);

AsyncContext.get(key); 74

servicetalk-log4j2-mdc

servicetalk-opentracing-asynccontext

79


https://docs.servicetalk.io/servicetalk/SNAPSHOT/async-context.html

Netty APl is hidden

* ServiceTalk does not expose Netty API to the users
* Provides tuned, safer, and more secure default Netty settings
* |t took Twitter years to upgrade Finagle from Netty 3 to Netty 4

* Netty 5 Is coming

80



Microservice evolution with
ServiceTalk



1. Start simple with what you know

@Path("/api")
public class JaxRsResource {

HttpServers. forPort(8080)
. ListenStreamingAndAwait (
new HttpJerseyRouterBuilder()
.buildStreaming(new JaxRsApplication()))
.awaitShutdown();

@QGET
@Path("/user")
@Produces (APPLICATION JSON)
public User user(@QueryParam("id")
String id) {
return findUser(id);

}

QGET
@Path("/users")
@Produces (APPLICATION JSON)
public List<User> users(@QueryParam(" loc")
String loc) {
return findUsers(loc);

public class JaxRsApplication extends Application A
@Override
public Set<Class<?>> getClasses() {
return singleton(JaxRsResource.class);
s

82



2. Learn Reactive Streams safely

public Publisher<User> users(@QueryParam("loc")
String loc) {

return findUserIds(loc).map(this::findUser);
1

Learning new programming style

83



3. Make a route fully asynchronous

.executionStrategy(noOffloadsStrategy())

@NoOff loadsRouteExecutionStrategy

return findUserIds(loc)
. TlatMapMergeSingle
userService::findUserAsync);

Significantly reduced latency

84



4. Avoid Jersey overhead for a critical route

HttpServers. forPort(8080)
.executionStrategy(noOffloadsStrategy())
. listenStreamingAndAwait(new HttpPredicateRouterBuilder()
.whenPathEquals("/api/users")
.executionStrategy(noOffloadsStrategy())
. thenRouteTo(new UsersStreamingService())
.whenPathStartswith("/api")
. thenRouteTo(new HttpJlerseyRouterBuilder()
.buildStreaming(new JaxRsApplication()))

.buildStreaming()) public final class UsersStreamingService

implements StreamingHttpService A

@Override
public Single<StreamingHttpResponse> handle(
HttpServiceContext ctx,
StreamingHttpRequest request,
StreamingHttpResponseFactory responseFactory) {
return succeeded(responseFactory.ok()
. payloadBody(findUserIds
request.queryParameter("loc"))
. FlatMapMergeSingle(userService::findUserAsync),
serializer.serializerFor(User.class)));

J Avoid expensive routing: reflection, OlO, etc.

85



5. Avoid Jersey for all routes

public static final class UserService
implements BlockingHttpService {

@Override
public HttpResponse handle(HttpServiceContext ctx,
HttpRequest request,
HttpResponseFactory responseFactory) {
return responseFactory.ok()
.payloadBody(findUser (
request.queryParameter("id")),
serializer.serializerFor(User.class));

.whenPathEquals('"/api/user")
. thenRouteTo(new UserService())

¥

J Avoid Jersey at all, reduce dependencies

86



6. Convert blocking route to async

public static final class UserService
implements HttpService {

@Override
public Single<HttpResponse> handle(HttpServiceContext ctx,
HttpRequest request,
HttpResponseFactory responseFactory) {
return userService.findUserAsync (
request.queryParameter("1d"))
.map(user -> responseFactory.ok()
.payloadBody (user,

. serializer.serializerFor (User.class)));
.executionStrategy(noOffloadsStrategy())

l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
|
|}
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l

/ Evolve to fully asynchronous execution

87



7. Continue evolving as you go

* Add filters for logging, metrics, auth, tracing
* Configure ConnectionAcceptor

* Configure ConcurrencyController

* Enable TransportObserver

* Tune performance

* Evolve on the client-side: error handling, ServiceDiscoverer,
L oadBalancer, etc.

88



How to get started



http://ionicons.com 90


https://servicetalk.io
https://docs.servicetalk.io
http://ionicons.com

Show me
something real

/

https://servicetalk.io/tree/main/servicetalk-examples

91


https://servicetalk.io/tree/main/servicetalk-examples

https://jokerconf.com/assets/images/logo_white.svg 92


https://stackoverflow.com/questions/tagged/servicetalk
https://jokerconf.com/assets/images/logo_white.svg

ServiceTalk

~a

contributions

Start a discussion
Report a bug
Look for "good first issue” tag in the tracker



Conclusion

* Easy to start with API you already know
* Highly extensible framework on top of Netty
* Reactive core, but safe for typical blocking Java code
* Evolves with your application
* [ransition between APIls and protocols
* On-demand optimizations
* Transparent execution (monitoring, observability, debuggabillity)

94
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