
Enterprise
Service Bus

ESB
Aufgaben

Heterogenität

Routing

Verantwortlichkeiten

höherwertige Leistungen

Zusammenfassung

Dr. U. Hoffmann
Kap. 3 1 / 19

Service-orientierte
Software-Architekturen

Prof. Dr. U. Hoffmann
FH Wedel

Enterprise Service Bus



Enterprise
Service Bus

ESB
Aufgaben

Heterogenität

Routing

Verantwortlichkeiten

höherwertige Leistungen

Zusammenfassung

Dr. U. Hoffmann
Kap. 3 2 / 19

Das letzte mal

Lose Kopplung
I unterschiedliche Formen
I Kommunikation

synchron/asynchron
I Datentypen

gemeinsame fundamentale Datentypen
Mapping von Datentypen
einheitliches Business Object Model

I Kompensation
Alternative zu verteilten Transaktionen

I Infrastruktur
zentrale/dezentrale Kontrolle
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Aufgaben des ESB

Der Enterprise Service Bus ist das technische Rückgrat einer
SOA-Landschaft. (engl. Backbone oder auch Backplane)

Welche Aufgabe hat der ESB?
I Konnektivität herstellen
I Daten transformieren
I (Intelligent) routen

 Kernaufgabe:
Interoperabilität

I Mit Sicherheitsaspekten umgehen
I Mit Aspekten der Zuverlässigkeit umgehen
I Services verwalten (managen)
I Möglichkeit zum Überwachen,

Protokollieren und Debuggen bereitstellen.

Heterogen!
I unterschiedliche Plattformen und Hardware
I unterschiedliche Middleware und Protokolle
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Kernaufgaben des ESB — Datentransformation

„Datentransformation ist eine inhärenter Teil des Busses in
einem ESB–Deployment. Transformations–Dienstleistungen,
die auf die einzelnen am Bus angeschlossenen Anwendungen
spezialisiert sind, findet man überall und kann man von überall
aufrufen. Da Datentransformation ein derartig integrierter
Bestandteil eines ESBs ist, kann man es auch so betrachten,
dass ein ESB den Impedanz–Unterschied zwischen
Anwendungen ausgleicht.“

David Chappel, Enterprise Service Bus

I Gefahr von Performance–Problemen
I Übliches Vorgehen:

I festes Zwischenformat definieren (etwa SOAP)
I in das alle Plattformen und APIs konvertieren
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Kernaufgaben des ESB — Routing

Wie findet ein Service–Aufruf seinen Weg vom Nutzer
zum Anbieter und wieder zurück (für die Antwort)?

Große Bandreite von
I trivial bis
I kompliziert (viele Protokolle, Prioritäten, Geltungsbereiche)
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Homogener oder Heterogener ESB?
Homogenität des ESB

I ist vorteilhaft (einfacher zu handhaben, entwickeln, ...)
I ist nicht zwingend
I ist in der Praxis selten dauerhaft der Fall
I Bedeutet einheitliche Protokoll und Konventionen (etwa zur

Fehlerbehandlung)

Ein technisch heterogener ESB ist logisch ein ESB.

5 . 2 H E T E R O G E N E O U S  E S B S 49

should not be part of the ESB. There’s no doubt that it is a good idea to harmonize the way

you compose services that are able to run in process engines. But whether you consider

this harmonization as being part of the ESB design, or of a general architecture that uses

the ESB, is first and foremost an organizational question. (That’s not to say it is not an

important question—I have seen many SOA problems that were caused by unclear

responsibilities.)

5.2 Heterogeneous ESBs
Note that there is no requirement that the ESB be homogeneous. Although it might be

better to have only one technology for running services, this is rarely the case. SOA, by its

very nature, accepts heterogeneity. That includes heterogeneity in middleware and proto-

cols. Even with a standard such as Web Services, multiple instantiations of it will differ.

And sooner or later, a new standard or new version of the standard that makes things bet-

ter and easier will be introduced. As soon as you start to use the new standard (alongside

the old technology), your ESB will become heterogeneous.

In my experience, in practice, ESBs of significant size are heterogeneous. As an example,

consider Figure 5-1, which shows the situation one of my customers was in during 2006.

Their first ESB used the technology of a proprietary EAI vendor (the ESB was originally

considered to be an EAI bus). When they merged with another company in a different

country, however, it turned out that using the same proprietary middleware technology

didn’t guarantee interoperability. They had to implement a mapper between the two dif-

ferent proprietary ESBs. As the SOA grew, and Web Services became more and more of a

de facto standard, it also became necessary to support this protocol, so they realized a

F I G U R E 5 - 1 . Example of a heterogeneous ESB

Java Appl Local Appl Local Appl

I18N Appl I18N Appl

National WebServices Bus B2B WebServices Bus

Gateway
Local Appl Local Appl

National Proprietary ESB

Java Appl C Appl C++ Appl SAP Appl
Mapper

International Proprietary ESB

I18N Appl

Ext. Appl Ext. Appl

Details der Infrastruktur sollen keinen Einfluss auf die fachlichen
Schnittstellen der Services haben.

Graphik: SOA in Pratice, N. Josuttis
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Unterschiedliche ESBs

ESB können sich erheblich voneinander unterscheiden:
I einfacher ESB: nur bindende Absprachen

I Definition eines Protokolls basierend auf
Netzwerk–Standardprotokollen

I keine Tools oder Software–Komponenten
I Aufwand bei Anbieter und Nutzer

I elaborierter ESB: unterstützende Komponenten
I viele verschiedene Tools und Programme
I zentrale und dezentrale Komponenten
I Unterstützung für Service–Designer,

–Implementierer, –Operator
I Übernahme vieler Dienstleistungen
I wenig Infrastruktur–Aufwand bei Anbieter und Nutzer
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Punkt–zu-Punkt Verbindungen

Wie stark sind Anbieter und Nutzer gekoppelt?

Alternativen:
I Nutzer muss die physikalische Adresse des Empfängers

angeben oder
I ESB hat Vermittlungs–Mechanismen

5 . 3 E S B  D I F F E R E N C E S 51

If the consumer does not have to know the endpoint of the provider, it instead identifies the

provided service by a tag or symbolic that the ESB interprets to find an appropriate provider

(see Figure 5-3). The tag usually contains the service name, and might contain some addi-

tional attributes that influence the routing. For example, the ESB might process a priority or

have different policies for different consumers. In this case, the ESB plays the role of a medi-

ator or broker, which leads to a loosely coupled infrastructure (see Section 4.2.3).

The advantage of the indirect approach is that the ESB is able to deal with dynamic modi-

fications of the SOA landscape. Multiple systems can provide a given service, which allows

for load balancing and failover (if one system fails, requests can be sent to the remaining

provider systems).

To configure the indirect approach, the ESB might process deployment information at

startup time (using a configuration file), or at runtime (letting each provider register itself

when it is available).

F I G U R E 5 - 2 . An ESB providing point-to-point connections

F I G U R E 5 - 3 . An ESB mediating connections

ESB

Consumer 1

Send requests to:  192.168.1.42

Consumer 2

Send requests to:  192.168.1.42

Provider

Deployed at:  192.168.1.42

ESB

Consumer 1

Send requests to:  “AB”

Consumer 2

Send requests to:  “AB”

Provider B

Deployed as:  “AB”

Provider A

Deployed as:  “AB”

Point–to–Point–Varbindung
I Nutzer muss Endpunkt genau kennen (IP–Adresse, URL)
I Request geht an spezifischen Empfänger

Graphik: SOA in Pratice, N. Josuttis
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Vermittelte Service–Aufrufe
I Nutzer kennt die genaue Adresse des Anbieters nicht.
I Einigung auf einen symbolischen Namen, der den Anbieter

identifiziert (z.B. URI)
I statische oder dynamische Konfiguration des ESB
I Vermittlung durch den ESB ⇒Lose Kopplung

5 . 3 E S B  D I F F E R E N C E S 51

If the consumer does not have to know the endpoint of the provider, it instead identifies the

provided service by a tag or symbolic that the ESB interprets to find an appropriate provider

(see Figure 5-3). The tag usually contains the service name, and might contain some addi-

tional attributes that influence the routing. For example, the ESB might process a priority or

have different policies for different consumers. In this case, the ESB plays the role of a medi-

ator or broker, which leads to a loosely coupled infrastructure (see Section 4.2.3).

The advantage of the indirect approach is that the ESB is able to deal with dynamic modi-

fications of the SOA landscape. Multiple systems can provide a given service, which allows

for load balancing and failover (if one system fails, requests can be sent to the remaining

provider systems).

To configure the indirect approach, the ESB might process deployment information at

startup time (using a configuration file), or at runtime (letting each provider register itself

when it is available).

F I G U R E 5 - 2 . An ESB providing point-to-point connections

F I G U R E 5 - 3 . An ESB mediating connections

ESB

Consumer 1

Send requests to:  192.168.1.42

Consumer 2

Send requests to:  192.168.1.42

Provider

Deployed at:  192.168.1.42

ESB

Consumer 1

Send requests to:  “AB”

Consumer 2

Send requests to:  “AB”

Provider B

Deployed as:  “AB”

Provider A

Deployed as:  “AB”

Vermittlung zur Laufzeit:
I Intelligentes Routing

I Prioritäten, Geltungsbereiche
I verschiedene Konfigurationen
I Content–Based–Routing (CBR)

I Reaktion auf Laufzeitprobleme,
I Redundanz, dynamisches Rerouting

Graphik: SOA in Pratice, N. Josuttis



Enterprise
Service Bus

ESB
Aufgaben

Heterogenität

Routing

Verantwortlichkeiten

höherwertige Leistungen

Zusammenfassung

Dr. U. Hoffmann
Kap. 3 11 / 19

Load–Balancing mit Interceptoren

I Interceptoren (Proxies)
I Indirekte Service–Aufrufe
I physikalische Endpunkte von Service–Anbietern durch

Load-Balancer–Hardware/Software ersetzen.
I Aus der Sicht der Nutzer wie Punkt-zu-Punkt–Verbindungen

52 C H A P T E R F I V E

If an ESB technology provides for only point-to-point connections, you can still realize

loose coupling. One option is for the consumers to implement some kind of indirection by

asking a broker or name server where to send requests before actually sending them.

Note, however, that this approach usually only allows consumers to retrieve endpoints to

send requests to at start time, or when the first service call of a specific type is made. To

process endpoints at runtime, each call would need to be preceded by a call to a broker,

which would cause significant overhead and introduce a bottleneck.

5.3.2 Interceptors

The other way an ESB based on a point-to-point protocol can support indirect service calls

is by providing so-called “interceptors” or “proxies.” An easy approach is to replace the

physical endpoint that provides a service with a piece of hardware or software that serves

as a load balancer. The consumers still use an official endpoint, which delegates the real

task: when messages arrive, the load balancer sends them to the different physical service

providers that it knows about (see Figure 5-4).

A more complicated ESB approach provides an interceptor or proxy for each provider and

for each consumer. In this case, the consumer will communicate in a “point-to-point”

fashion only with its specific interceptor. The interceptor will route each call to the appro-

priate provider, using its specific interceptor (see Figure 5-5).

In this scenario, the magic of intelligent routing and other ESB services is completely

encapsulated from the outside world by interceptors. In fact, internally, a totally different

protocol can be used (see Figure 16-4 in Chapter 16 for an example).

Note that the Web Services protocol is an inherently point-to-point protocol. Just

exchanging services between two systems requires no tools or programs, but you have to

F I G U R E 5 - 4 . An ESB with a load balancer for provided services

ESB

Consumer 1

Send requests to:  192.168.1.42

Consumer 2

Provider B

Deployed at:  192.168.1.52

Provider A

Deployed at:  192.168.1.51

Load balancer

Deployed at:  192.168.1.42

Send requests to:  192.168.1.42

Graphik: SOA in Pratice, N. Josuttis
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ESB mit Interceptoren für Anbieter und Nutzer
I Nutzer kommuniziert nur Punkt-zu-Punkt mit seinem Interceptor
I Anbieter sind über Interceptoren erreichbar.
I Realisierung im ESB vollkommen von den Services entkoppelt
⇒ ESB als Black–Box

5 . 3 E S B  D I F F E R E N C E S 53

know and specify the endpoint of a service call in your consuming process. However, as

[PulierTaylor06] points out:

Web service standards contain no provisions for load balancing and failover. If left

alone, a failed or overloaded web service has no way of routing SOAP requests to

alternative web sites.

Still, load balancing and failover are core requirements for large distributed systems. For

this reason, sooner or later each ESB based on Web Services will incorporate interceptors

(see Section 16.3.2 for an example of the details). These interceptors might also help to deal

with other aspects of an ESB, such as security and monitoring (discussed in Section 5.4).

5.3.3 Protocol-Driven Versus API-Driven ESB

Conceptually, two different approaches are possible regarding where the responsibility of

an ESB begins from the providers’ and consumers’ points of view. With the protocol-driven

approach, the ESB defines a protocol, and the providers and consumers send and receive

messages according to this protocol (see Figure 5-6). Web Services, which require a SOAP

protocol, might be an example for this approach.

F I G U R E 5 - 5 . An ESB using interceptors

F I G U R E 5 - 6 . Connecting to a protocol-driven ESB

ESB

Consumer 1

Send requests to:  192.169.1.01

Consumer 2

Send requests to:  192.168.1.02

Provider B

Deployed at:  192.168.1.52

Provider A

Deployed at:  192.168.1.51

Interceptor Interceptor

Deployed at:  192.168.1.01 Deployed at:  192.168.1.02

Interceptor Interceptor

ESB

Mapping code

Business code

Protocol

I Insbesondere für Web–Services (nur Punkt-zu-Punkt möglich)
I Weitere Interceptor–Einsatzgebiete: Monitoring und Sicherheit

Graphik: SOA in Pratice, N. Josuttis
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Verantwortlichkeit des ESB: Protokollgetriebener ESB
protokollgetriebener Ansatz

I ESB definiert ein Protokoll
I Anbieter und Nutzer halten das Protokoll ein, um teilzunehmen
I von Web–Services mit SOAP verwendet

5 . 3 E S B  D I F F E R E N C E S 53

know and specify the endpoint of a service call in your consuming process. However, as

[PulierTaylor06] points out:

Web service standards contain no provisions for load balancing and failover. If left

alone, a failed or overloaded web service has no way of routing SOAP requests to

alternative web sites.

Still, load balancing and failover are core requirements for large distributed systems. For

this reason, sooner or later each ESB based on Web Services will incorporate interceptors

(see Section 16.3.2 for an example of the details). These interceptors might also help to deal

with other aspects of an ESB, such as security and monitoring (discussed in Section 5.4).

5.3.3 Protocol-Driven Versus API-Driven ESB

Conceptually, two different approaches are possible regarding where the responsibility of

an ESB begins from the providers’ and consumers’ points of view. With the protocol-driven

approach, the ESB defines a protocol, and the providers and consumers send and receive

messages according to this protocol (see Figure 5-6). Web Services, which require a SOAP

protocol, might be an example for this approach.

F I G U R E 5 - 5 . An ESB using interceptors

F I G U R E 5 - 6 . Connecting to a protocol-driven ESB

ESB

Consumer 1

Send requests to:  192.169.1.01

Consumer 2

Send requests to:  192.168.1.02

Provider B

Deployed at:  192.168.1.52

Provider A

Deployed at:  192.168.1.51

Interceptor Interceptor

Deployed at:  192.168.1.01 Deployed at:  192.168.1.02

Interceptor Interceptor

ESB

Mapping code

Business code

Protocol

I ESB unabhängig vom Entwicklungsprozess (und den Teams)
der Anbieter und Nutzer

I Infrastruktur bietet keine Tools, Bibliotheken, APIs
I Anbieter und Nutzer können selbst entscheiden, welche Tools

sie zum Einhalten des Protokolls einsetzen.
I Neue Systeme: Entwicklerteam ist verantwortlich für den

Anschluss an ESB
I Infrastruktur–Team ist nicht involviert.

Graphik: SOA in Pratice, N. Josuttis
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Verantwortlichkeit des ESB: API–getriebener ESB
API–getriebener Ansatz

I ESB definiert plattformspezifische APIs für Services
(z.B. Java Schnittstellen)

I Anbieter und Nutzer verwenden APIs zum Implementieren und
Aufrufen von Services.

54 C H A P T E R F I V E

With the API-driven approach, the ESB defines platform-specific APIs (such as Java inter-

faces), and the providers and consumers use these APIs for service implementations and

service calls (see Figure 5-7).

The difference between these approaches has major a impact on development processes.

When the ESB defines only a protocol, the details of how consuming and providing pro-

cesses are developed are completely outside the scope of the ESB (and its associated team).

The infrastructure team does not have to provide tools and/or libraries for mapping the APIs

for service calls and service implementations to the required protocol. Instead, each partici-

pant (provider and consumer) can choose which tools to use to enable them to send service

calls, and provide service implementations that fulfill the requirements of the ESB protocol.

If a new platform comes into play, it is the task of the providers and consumers that use this

platform to provide adapters to the ESB protocol. The team responsible for the ESB is not

involved (except in helping to identify any problems caused by the new adapters).

When the ESB is responsible for the APIs, the problem of mapping service calls and service

implementations to well-formed messages that participants can send over the ESB is the

task of the team providing the ESB. Providers and consumers can concentrate on the busi-

ness functionality. If new platforms get integrated, it is the responsibility of the ESB to

provide solutions for corresponding APIs (i.e., to provide code generators and libraries).

However, libraries and code generators provided by the central infrastructure team

become an important part of the development and deployment processes of each provider

and consumer.

The principal tradeoff here has to do with how independent the infrastructure team and

development teams for the providers and consumers are. The protocol-driven approach

gives providers and consumers more responsibility. Their whole development process is

technically independent from the infrastructure, provided it fulfills all the requirements of

the ESB protocol. This decouples the infrastructure from system development, but it raises

the risk of problems in system development because many individual ways of mapping an

internal API to a protocol can arise. In principle, each development team has to solve the

same problems, and if the protocol changes, it is up to each provider and consumer to

update its individual mapping.

F I G U R E 5 - 7 . Connecting to an API-driven ESB

ESB
Mapping code

Business code

Protocol

API

I ESB für plattformspezifische APIs verantwortlich
I ESB–Team muss sich um Probleme der Anbindung kümmern.
I Anbieter und Nutzer konzentrieren sich auf fachliche Aspekte.
I Neue Plattform: Infrastruktur–Team ist verantwortlich für den

Anschluss an ESB (Bibliotheken, Generatoren)
I Anbieter, Nutzer verwenden Code des ESB–Teams
⇒ Auswirkungen auf den Entwicklungsprozess

Graphik: SOA in Pratice, N. Josuttis
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ESB–Schichten
Typische Schichtung von ESB–Bibliotheken und APIs:

5 . 3 E S B  D I F F E R E N C E S 55

Usually, the protocol-driven approach leads to a third layer of the model of distributed

communications (see Figure 5-8). At the bottom of the model, there is a pretty stable pro-

tocol, at the top, there is an API for calling and implementing services, and in the middle,

there is a layer responsible for mapping the API to the protocol. This middle layer can be pro-

vided by platform-specific teams, company-specific teams, third-party vendors, and so on.

You can find the same layers in the Internet. The transport layer contains the stable proto-

col HTTP(S). To send data over this protocol, different vendors provide consuming clients

(browsers), or implementation tools (web site engines or platform-specific libraries),

which provide the mappings to platform-specific interfaces such as Java, HTML, and so on.

In SOA, a protocol-driven ESB leads to a situation where each consumer and provider

maps the protocol specified by the ESB to a platform-specific business interface. For exam-

ple, some code is required to transfer a Java interface to a Web Services protocol. The

questions are which tools are used to generate this code, and who is responsible for its

generation and maintenance. Often, it’s up to the providers and consumers, but a recom-

mended or certified standard tool (provided by the infrastructure team or a third-party

team) might be used to generate this code.

In contrast, an API-driven ESB provides APIs for the business teams, making protocol

details transparent to providers and consumers. As a consequence, the providers and

consumers need (generated) libraries, and a process is required to distribute them.

When the protocol-driven approach is used, problems can occur when a protocol gets

modified, or if it does not ensure interoperability. If the protocol changes, each provider

and consumer has to modify its mapping (generator) accordingly. This can become expen-

sive. And, if the protocol is not good enough to guarantee interoperability, you might end

up having to maintain and verify each individual connection between a provider and a

consumer (bringing back a problem that the ESB should have solved). Note that Web Ser-

vices, which are inherently protocol-driven, currently have the problem of a lack of

interoperability (see Section 16.3.1 for details).

F I G U R E 5 - 8 . Layers from business to protocol code

API-driven ESB Protocol-driven ESB

Protocol code
Protocol-specific API

Business code

Mapping code
Platform-specific API

I Protocol–Code:
stabile Implementierung des (eines) ESB–Protokolls

I Protocol-specific API:
Schnittstelle für die Kommunikation über das Protokol

I Mapping–Code:
Plattformspezifische Anbindung des Protokolls

I Platform-specific API:
Schnittstelle zum Aufrufen und Implementieren von Diensten

I Business–Code:
Realisierung der fachlichen Logik
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Daten–Mapping

I Lose Kopplung
I Wenige fundamentale gemeinsame Datentypen
I eigenen Datentypen an den Service–Schnittstellen
I Versionierung: mehrere Varianten der gleichen Schnittstelle

mit evtl. unterschiedlichen Datentypen

⇒ Nutzer sollen eine dünne Mapping–Schicht vorsehen:
Abbildung der Anbieter–Datentypen auf eigene Datentypen

Alternative:

I ESB bietet Unterstützung für das Mapping

I API-getriebener ESB kann mehrere Versionen anbieten
I Adapter für das Mapping zwischen Schnittstellen
I Definition eines gemeinsamen Objektmodells im ESB

(Master–Data–Management, MDM)
Achtung: enge Kopplung
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Zuverlässigkeit

Protokolle sichern unterschiedliche Aufrufsemantiken zu:
I at most once

Nachricht wird zugestellt, Empfänger bekommt sie mglw.
Einfach realisierbar

I at least once
Nachricht wird ggf. mehrfach zugestellt,

bis Empfänger sie bekommt
Durch wiederholtes Senden realisierbar.

I once and only once
Genau eine erfolgreiche Zustellung der Nachricht wird garantiert
Aufwändig mit Handshakes zu realisieren

Welche Aufrufsemantik soll der ESB garantieren?

I ESB kann Qualität des Aufrufs verbessern
I fachliche Anforderungen sind wesentlich
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ESB–Unterstützung für SOA–Administration

Service–Management
I Überblick über die Service–Landschaft
I fachliche und technische Sicht

Überwachen, Protokollieren, Debuggen
I Nachverfolgen von Service–Aufrufen
I ESB ist Debugger für verteilte Geschäftsprozesse
I Zuordnen von Anfragen und Antworten über mehrere Systeme
I Logging: Wer ruft wann welchen Service auf?

Außerbetriebnahme

Business–Activity–Monitoring (BAM)
I Überwachung fachlicher Aktivitäten
I Erkennen fachlicher Tendenzen und Ungewöhnlichkeiten
I Statistik zur Aufrufhäufigkeit von Services
I Meßwerkzeug etwa für Wirksamkeit von Marketing–Maßnahmen
I Korrelation von Nachrichten
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ESB: Zusammenfassung

I Enterprise–Service–Bus ist Infrastruktur von SOA
I Kernaufgaben: Interoperatbilität

(Konnektivität, Daten–Mapping, Routing)
I zusätzliche Dienstleistungen: Sicherheit, Monitoring,

Logging

I ESBs sind häufig heterogen.
I Protokoll– und API–basierte ESBs

I ESB ist Debugger für verteilte Geschäftsprozesse
I Business–Activity–Monitoring

I Fragen?
I Serviceklassifizierung
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