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Environment

Web Service – Simple Definition

• A digital component that can be accessed remotely and 
provides some benefit.

– Additionally there are different parts in the environment which 
“connect” to the service.

Service Environment

Service

Context / Data

Call Response

OutputInput

Different 
Service
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Web Service: Examples

• “Context” in and output: https://www.timeanddate.com/worldclock/ – a list 
of the local times of several cities, presented in HTML

• Output only: http://www.clocktab.com/ – the current time of the computer 
(sends the JavaScript which is executed locally)

• Input and “Context” out (and possible Output): 
(https://www.dropbox.com/developers-v1/core/start/java) Dropbox API 
uploadFile – uploads a file on Dropbox. The method itself does return a 
value, but it’s not the thing we are after (i.e. the returned thing is not the 
benefit we want).

• Input and Output (and possible “Context”): 
https://www.google.at/maps/dir/Währinger+Str.+29,+1090+Wien/Universit
ätsring+1,+Wien/ – The route from one address to a different address. 
Note that in this case the inputs are part of the URL.
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Service – Categorization

• Services can be categorized based on different aspects:
– Who is meant to consume the service? Human? Computer? Agent?
– What technologies are used to communicate with the service? REST? SOAP? Plain 

old HTTP? Command-line? Library?
– Is the service state-full or state-less?
– Where is the service located? Local? Intranet? Internet? The Web?

• Having a Web Service answers or at least restricts some of the possible 
answers.
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Web Services

• Just like other applications, programs etc. there are many aspects that 
have to be dealt with in services, like:

– Authentication
– Security
– Accessibility / Interfaces
– Persistence
– Resource usage
– Logging
– Deployment
– …

• However, the aspects where services mostly differ from other applications 
is “Accessibility / Interfaces” (i.e. how to use the service) and 
“Deployment” (i.e. on a Server).
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Web Service vs. Server

• There is also the question where does Server end and Web Service begin.
– A Web Service needs to be deployed to work, so without a Server it won’t work. 

• “If a tree falls in a forest and no one is around to hear it, does it make a sound?” → “If a 
Web Service exists and it isn’t running on a Server, does it really provide a benefit?”

– A Server can support the service by taking over certain tasks, like authentication, 
pre-processing of requests and responses (e.g. extract query parameters, message 
de-/encoding for SSL), logging of accesses etc. That’s where the line can start to 
blur a bit.

• Depending on the used server where the service is to be deployed, it might actually 
require the service to take care of those things.

• Maybe it could be seen as the Server providing services to the Web Service.

• Maybe a metaphor: Think of it like a meal, where the Server is the plate, 
the Service is the food on the plate, and cutlery is the “additional support” 
provided by the server.
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Web Service vs. Server

• Depending on the used technologies 
and frameworks certain tasks are/have 
to be taken care of either by the server 
or the service (e.g. reading the 
parameters passed in a request)

– For example using the JRE built in HTTP 
server the service has to write the JSON to 
the response body.

– With Spring framework a method returning 
an object is specified to be available and 
Spring takes care of the marshalling 
(Object to JSON) and writing the response.
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Web Service vs. Server

Server

Very general
service tasks
(e.g. accept

HTTP requests)

Very specific
service tasks

(e.g. calculate a
Fibonacci number)

JRE Http
Server

Apache
Tomcat

Spring +
Tomcat

Service

Programmed 
Service Code

Note that the Server is 
both the hardware and 
the “server software”
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Note that the 
Server is both the 
hardware and the 
“server software”

Web Service vs. Server
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Web Service vs. Server

• A simple distinction:
– A Web Service is the logic, the algorithms and code that implements the provided 

benefit,
– while the Server is the part of the infrastructure (real and/or virtual) where the Web 

Service is executed.
– And the configuration takes care that the two things work together (wherever it may 

be located).
– Something along the lines of: “The Server is the human, and the Web Service is the 

knowledge the human possesses”.

• This way there are also many “Web Service things”:
– The “conceptual” Web Service
– The Web Service implementation
– The Web Service “object” that is actually deployed and running and performs the 

work
– …
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Web Service – By Example (1)

• A simple service that returns the number π.
• The benefit here is that it provides the number with 5000 decimal places, 

thus a very precise value for π.
• The Service is implemented in Java, aiming to be deployed on the HTTP 

Server provided by the JRE (Java Runtime Environment).
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Web Service – By Example (1)
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Web Service – By Example (1)

Communication - 
Output

This class implements the 
service
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Web Service – By Example (1)

Communication - 
Output

This class implements the 
service

This service only provides an 
output. Everything needed is 

contained in the service.
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Web Service – By Example (1)

Communication - 
Output

This class implements the 
service

Output for Human

Output for Machine

Default Output
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Web Service – By Example (1)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text

Since it is implemented as a REST Web Service, a Web 
Browser is used in this example to access it.
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Web Service – By Example (1) – Deployment

• Following is the code that actually “creates” the server, deploys the 
services on it (deploys also the other “By Example” services that are 
described later) and then starts the server.

– It creates an HTTP Server object (provided by the JRE),
– adds objects of the implemented services to specific sub-paths of the server and
– starts the server.
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Web Service – By Example (1) – Deployment

19



Web Service – By Example (1) – Deployment

Here the server object 
is created and the 

individual Services are 
“deployed” at specific 

paths. (Yes, we also 
deploy some more 

example services here)

The rest are some 
helpful outputs to 

the console.

Start the 
server
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Web Service – By Example (1) – Deployment

As long as the Java 
application is 

running, the server is 
available

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 21



Web Service – By Example (1) – Deployment

• Deployment of the specific Service
– The creation of the server and deployment of 

services is handled through its own class + main 
method (ServiceExampleServer).

– The ServiceExampleServer uses the built in HTTP 
Server of JRE.

– The PiService and ServiceExampleServer in the 
end run in the JRE.

– Executing the ServiceExampleServer makes the 
whole thing work.

– When the execution stops → the server stops too.

JRE

PiService

Built in HTTP 
Server

ServiceExample
Server
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Web Service – By Example (1) – Jetty (embedded)

• Same as the previous service with one difference:
– Instead of using the Http Server available in the JRE we will embed a Jetty server in 

our application.
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Web Service – By Example (1) – Jetty (embedded)
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Web Service – By Example (1) – Jetty (embedded)

Communication - 
Output

This class implements 
the service

Handlers are later used by 
Jetty to handle incoming 

requests
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Web Service – By Example (1) – Jetty (embedded)

Communication - 
Output

This class implements 
the service

Handlers are later used by 
Jetty to handle incoming 

requests

Output for Human

Output for Machine

Default Output
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Web Service – By Example (1) – Jetty (embedded)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text
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Web Service – By Example (1) – Jetty (embedded) 
Deployment
• Just like with the JRE HttpServer, “creating” the server, deploying the 

service on it and then starting the server is handled by Java code.
– It creates a Jetty Server object,
– adds objects of the implemented services to specific sub-paths, called contexts in 

Jetty, of the server and
– starts the server.
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Web Service – By Example (1) – Jetty (embedded) 
Deployment
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Web Service – By Example (1) – Jetty (embedded) 
Deployment

Create, configure 
and start the 

server

Create and 
configure the 

context
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Web Service – By Example (1) – Jetty (embedded) 
Deployment

• Deployment of the specific Service
– The creation of the server and 

deployment of services is handled 
through its own class + main method 
(StartServer).

– The StartServer uses the Jetty library to 
provide an endpoint.

– The PiService and StartServer in the 
end run in the JRE.

– Executing the StartServer makes the 
whole thing work.

– When the execution stops 🡪 the server 
stops too.

JRE

PiService

Jetty Server 
Library (+ 

dependences)
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Web Service – By Example (1) – Spring (REST)

• Same as the previous service with some differences:
– Instead of using an embedded Server (like HttpServer in JRE or the one from Jetty) 

we will use the Spring framework and deploy the service on an Apache Tomcat 8.5.
– For easier development we use the Spring Tool Suite.
– Also the following code will ONLY return the value of π as a JSON object (no fancy 

“for Human” and “Default”).

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 32



Web Service – By Example (1) – Spring (REST)
A class for objects representing π

A class implementing the service A class for bootstrapping everything
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Web Service – By Example (1) – Spring (REST)
A class for objects representing π

A class implementing the service A class for bootstrapping everything

Unlike previously, 
communication is handled 

by Spring and we simply 
declare where it connects 

through annotations

Also some fiddling 
around with the 

pom.xml (for Maven) 
was necessary

From the programmers point 
of view the service is very 
simple: It only returns an 

object of type Pi
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Web Service – By Example (1) – Spring (REST)

Spring takes care of returning 
the JSON object and also sets 

the content-type of the response 
correctly

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 35



Web Service – By Example (1) – Spring (REST) 
Deployment

• In this case a .war has been created using 
Apache Maven.

– Some configuration of the pom.xml for Maven was 
necessary.

• This .war has then been deployed on an 
Apache Tomcat 8.5 (i.e copied into the 
webapps folder of Tomcat).

– Note: This has also been deployed on Jetty (not 
embedded) and tested and worked.

• Starting Tomcat, the service was available at
http://localhost:8080/ServiceExamples/pi

WAR

ServiceExamples.war

8.5

Apache Tomcat 8.5
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Web Service – Simplest Architecture

• The deployment is usually handled 
through a configuration, which specifies 
the details like the endpoint where the 
service is accessed.

– However, the configuration can heavily vary 
based on the used technologies and 
frameworks. Sometimes it can be part of 
the service code (e.g. Spring), sometimes 
it’s in a separate file (e.g. Servlets), or part 
of the server starting procedure (e.g. JRE 
HttpServer) etc.

– For maintainability the deployment details 
are usually specified relative to the server 
(e.g. relative path).

Service

Server

Service 
Technologies + 

Frameworks
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n
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Service 
Technologies + 

Frameworks

Web Service – Architecture

Service

Server

D
ep
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ye
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Request
(Call)

Response

Along this path additional 
processing of the 

Response/ Request can 
happen
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Web Service – General Architecture

Client View
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Network Administrator View

Developer „Extended“ View

Web Service – General Architecture

SOAP, REST, JSON, HTML etc.

TCP/IP, HTTP, etc.
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Network Administrator View

Developer „Extended“ View

SOAP, REST, JSON, HTML etc.

TCP/IP, HTTP, etc.

Web Service – General Architecture
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Network Administrator View

Developer „Extended“ View

SOAP, REST, JSON, HTML etc.

TCP/IP, HTTP, etc.

•Text Service
•File Service
•Download S.
•Role Service
•…

Web Service – General Architecture
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Network Administrator View

Developer „Extended“ View

SOAP, REST, JSON, HTML etc.

TCP/IP, HTTP, etc.

•Text Service
•File Service
•Download S.
•Role Service
•…

Web Service – General Architecture
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Web Service – Some Technologies
Technologies used 
for Web-Services

Using JRE built in 
HTTP Server

Using Spring 
Framework + 

Apache Tomcat

service concern server + framework 
concern

+ Configuration

For example, one approach 
for SOAP services with 
Spring automatically 

creates and publishes the 
WSDL
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Web Service – Requirements

• There is a cascade of requirements
– The implemented Service requires some things, like a JRE, a specific server, some 

software integrated with the server (e.g. PHP) or some libraries (e.g. Java EE, 
Jackson, Spring etc.)

– Those in turn require other things themselves, like a Server requires an operating 
system, a hardware that provides enough power to support the server and any 
deployed services or libraries depend on other libraries (e.g. require log4j or 
apache-commons)

• Also the specific case can influence the requirements
– Is this a generally available service like www.google.com? Then it requires network 

access to the internet.
– Or is it a company internal service? Then network access to the company intranet 

would be enough.
– Again those can be realized differently, e.g. through a separate network or by 

configuring the security settings.
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Web Service – Requirements
• The Web Service implementation.
• A Server for deploying the Web Service.
• Deployment configuration (at Web Service, Server and other artefacts).
• Security measures (e.g. Firewall, …) configured so the service is accessible.
• A working and sufficient network connection.
• Fitting hardware to run the Server and the Web Service.

– Depends on the amount of requests that have to be processed (e.g. service used once a day vs. 
google.com)

– Depends on difficulty of computational task the service takes over (e.g. calculate area of a rectangle vs. 
calculate aerodynamics of a car over a certain time)

• Operating system
• Many of the other details depend on:

– How is the Web Service implemented? (Frameworks?)
– What does the Web Service do? (e.g. remote medical operation 🡪 high-speed response)
– What Server is used for the deployment? (e.g. Tomcat? 🡪 needs JRE)
– Who will be using the service? (e.g. do I need a UI?)
– What is the infrastructure where the Server/Web Service is deployed? (is there a Firewall?)
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Web Service – By Example (1) – Requirements – JRE Http 
Server
• The Service classes implementing HttpHandler.
• A main method that creates an HttpServer object, deploys the services 

and starts the server.
• A fitting JRE installation (>=1.6).
• And the previously stated general requirements (proper hardware, 

operating system, configured security/firewall etc.).
– Operating system? → irrelevant as long as the required JRE is installed
– Network connection and security? → provided and configured so that the desired 

clients can access the service
– Hardware requirements? → depend on the amount of clients that have to be 

served, the used OS, JRE and Server requirements etc.

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 47



Web Service – By Example (1) – Requirements – Jetty 
(embedded)
• The Service classes implementing AbstractHandler.
• A main method that creates a Jetty Server object, deploys the services and 

starts the server.
• The necessary Jetty Libraries

– jetty-server
– jetty-util
– servlet-api
– jetty-http
– jetty-io

• A fitting JRE installation (>=1.8 for Jetty 9.4).
• And the previously stated general requirements (proper hardware, operating 

system, configured security/firewall etc.).
– Operating system? → irrelevant as long as the required JRE is installed
– Network connection and security? → provided and configured so that the desired clients 

can access the service
– Hardware requirements? → depend on the amount of clients that have to be served, the 

used OS, JRE and Server requirements etc.
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Web Service – By Example (1) – Requirements – Spring 
(REST)
• The code implementing the Service, fitting the Spring Framework.
• Apache Maven – when creating the Web Service, to take care of dependencies and 

create the deployable .war (alternative: Gradle).
• Apache Tomcat (e.g. Version 8.5) – to deploy the service, in this case as a .war 

(alternative: Jetty).
• Spring Framework libraries – automatically packed by Maven.
• A fitting JRE installation (e.g. >=1.7) – since the Server (Tomcat) needs it to run.
• (maybe not necessary, but helpful) Spring Tool Suite.
• And the previously stated general requirements (proper hardware, operating system, 

configured security/firewall etc.).
– Operating system? → irrelevant as long as the required JRE is installed
– Network connection and security? → provided and configured so that the desired clients can 

access the service
– Hardware requirements? → depend on the amount of clients that have to be served, the used OS, 

JRE and Server (Tomcat about 1-2 GB of RAM?) requirements etc.
• (Note: There are probably many other ways to deploy a Spring Web Service. These are 

just the requirements for one of them.)
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Web Service – Noticed Shifts in Java Service 
implementation
• Back in the days, implementing services in Java generally worked like this:

– Implement the service.
– Write a configuration file, with deployment details etc., for the desired 

framework/server.
– Deploy the service on the server.

• Now there seem to be additional alternatives that might gain some 
traction:

1. The deployment details can be handled inside the implemented service code, e.g. 
through annotations.

2. Applications are not necessarily deployed on servers. Instead the server is part of 
the written code including the service (cf. the JRE HttpServer and the embedded 
Jetty examples).
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Web Service – Noticed Shifts in Java Service 
implementation
• For change/alternative 1:

– Previously deploying a Java Servlet required a web.xml, that specified which 
classes implemented servlets and under which relative URIs they should be 
accessible.

– Now Java Servlets can instead use Java Annotations, like @WebServlet, to specify 
deployment details like names, servlet-mappings etc.

– Spring is using such annotations as well to configure the written services (e.g. 
@RestController, @RequestMapping).

– Possible downside: web.xml could be adapted when necessary without having to 
change the code (it was readable in the .war file). How do you change the Java 
Annotation of a compiled class? Unless the server provides some specific order for 
loading configurations (e.g. first web.xml if available, then Java Annotations) that 
might be difficult. Even then, what if only certain parts should be changed (cf. Jetty)?
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Web Service – Example for Shift 1

• Previously:

Java implementation
🡪 The compiled version is 
put in the package (.war).

web.xml 🡪 also in 
the package (.war)
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Web Service – Example for Shift 1

• Now possible:
Java implementation

Instead of a web.xml we just have 
this small annotation. This works 

with recent Tomcat and Jetty 
versions.

The compiled version is again put in 
the package (.war), this time 

without a web.xml.
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Web Service – Noticed Shifts in Java Service 
implementation
• For change/alternative 2:

– Previously a service was created, packed and deployed on a server, like Tomcat. 
The service alone wouldn’t run without being deployed on a server.

– Now there are libraries that provide “embedded servers”, where creating an 
executable .jar package from a service can be run directly and contains the 
necessary server.

– For example Jetty’s slogan “Don’t deploy your application in Jetty, deploy Jetty in 
your application!” or Spring Boot which “Embed Tomcat, Jetty or Undertow directly 
(no need to deploy WAR files)”

– Possible downside: Server configuration is then responsibility of the Service 
developer. How do you change ports the server listens to later on?
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Web Service – Example for Shift 2

• Previously:

WAR

This is the deployment 
folder of the Server (here 

Jetty, also tested with 
Tomcat).

A “Dynamic Web 
Project” in Eclipse

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 55



Web Service – Example for Shift 2

• Now possible:
A normal Java 

Project

This just ran a normal 
“java –jar …” command

Note: In this case the service will 
ALWAYS run on a Jetty server.
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Web Service – By Example (2)

• Another simple service, which returns the current time.
• The time is based on the location and configuration of the server.
• The Service is implemented in Java, aiming to be deployed on the HTTP 

Server provided by the JRE (Java Runtime Environment).
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Web Service – By Example (2)
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Web Service – By Example (2)

Uses the local time of 
the service 

environment

The remainder deals with 
communication, the output 

more specifically
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Web Service – By Example (2)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text
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Web Service – By Example (3)

• Yet again a simple service, this time it returns a specific Fibonacci 
number.

• As such it takes one input and based on that determines the Fibonacci 
number to provide as the response.

– The input specifies which Fibonacci number should be returned (the 1st? The 2nd? 
The 3rd? …).

• The Service is implemented in Java, aiming to be deployed on the HTTP 
Server provided by the JRE (Java Runtime Environment).
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Web Service – By Example (3)
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Web Service – By Example (3)

Here the input is 
determined that has 

been passed with 
the request

The remainder deals 
with handling the rest 
of the communication

Here the value is 
calculated based 

on the input
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Web Service – By Example (3)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text
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Web Service – By Example (4)

• This time a more sophisticated stopwatch service is provided.
• It specifies how much time has passed since a specific moment.
• Without any additional parameters it will return the duration since the 

service has been started.
• Additionally different methods can be used to specify additional timers by 

adding more characters to the called URL (referred to as “tokens”):
– PUT token → Adds a new timer or resets an existing timer for the token.
– GET token → Returns the duration for the token timer.
– DELETE token → Removes the existing token timer if it exists.

• The Service is implemented in Java, aiming to be deployed on the HTTP 
Server provided by the JRE (Java Runtime Environment).
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Web Service – By Example (4)

66



Web Service – By Example (4)

Before: 
processing of 
the input (i.e. 
which token?)

The “GET” Method 
calculates the time 

passed since the 
stored timestamp

The “PUT” Method adds 
a new timestamp

A lot of the code 
deals with the 

remaining 
communication

The “DELETE” Method 
removes an existing 

timestamp

At different 
places the 

timestamps are 
read, added or 
removed from 

storage
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Web Service – By Example (4)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text
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Web Service – By Example (4)

Calling the PUT method to 
add a new timer for the 

token „/mywatch“
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Web Service – By Example (4)

Output for Human

HTML

Output for Machine

JSON

Default Output

Text
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Why the OMiLAB Portal is not only a HTML web-page

• There are web services available that provide different benefits, e.g.:
– TextService: provides means of writing, storing and displaying content (text, images 

etc.)
– DownloadService: provides means for uploading and downloading files (like images, 

PDF-documents, a modelling toolkit etc.)
– RoleService: allows to assign different roles to users in the context of projects.
– PSM: ties other services together to manage and display projects on OMiLAB.

• The OMiLAB portal then uses those services to provide its functionality, 
like creating projects, finding modelling projects, displaying details about a 
certain project, allowing downloads of modelling tools etc.

– The OMiLAB portal itself provides different services, and in turn uses other services 
to accomplish its tasks.

– The architecture of the OMiLAB portal is based around Microservices.

• Does that mean that e.g. deploying WordPress on my own server also “is 
not only a HTML web-page”?
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What are „only HTML web-pages“?

• At first web-sites were like books, they had pages with the entire content.
– Those pages were simply deployed on the server as .html files, with all their content 

in them.
– Pretty much static pages, coded directly or using an HTML-Editor (Word, 

Dreamweaver).
– Examples like https://tools.ietf.org/html/rfc3986 , which is pretty much an HTML 

document available in the web or http://info.cern.ch/hypertext/WWW/TheProject.html 
which is “first website” ( http://info.cern.ch/ )

– They might have had some UI enhancements like changing visuals or collapsed 
content entries, but overall the page contained the entire content and the browser 
took care of visualizing it.
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What are „only HTML web-pages“?

• But then things changed
– Pages became dynamic
– Websites turned to Content-Management-Systems (e.g. WordPress, Drupal, …), 

where the content of the site could be edited through the administrative-pages of the 
site. Similarly: YouTube

– Online forums, Blogs etc.
– The actual content also wasn’t directly stored in the pages, instead put in some 

separate storage and the pages would load the content from there. This required 
programming/scripting languages (PHP, CGI, Java, …) to be available.

– And they also started to provide more than just the content, they provided services 
(i.e. the “service” provided by the webpage is not just “show the content”) like 
Google’s image search or Google Docs or JSONLint (for validating JSON) or 
Wikipedia (both providing content and collaboratively working on the content)
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What are „only HTML web-pages“?

• So where does „only HTML web-pages“ end?
– Whose perspective is relevant to answer that question?
– From the “Client/Consumer” side … I can’t really tell if http://orf.at is more than “only 

HTML web-pages”.

• Are there (currently) maybe three stages of web-sites?
– Static-content: The entire content is inside the page. This is simple file retrieval from 

the internet.
– Dynamic-content: The content of a page changes (based on parameters etc.), like 

loading the actual text content from a database. The file to retrieve has to be 
generated first (e.g. www.imdb.com where the data is most likely stored in a 
database).

– Interactive-content: Content that the “Client/Consumer” can interact with (e.g. 
JSONLint https://jsonlint.com/ ). Besides just the retrieved file, there is also 
additional dynamic behavior on the client side.

• So maybe the question is: Static/Dynamic on Server/Client side?
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Microservices

• Microservice architecture style – „developing a single application as a suite of 
small services, each running in its own process and communicating with 
lightweight mechanisms, often an HTTP resource API.”

• “There is a bare minimum of centralized management of these services”
• “services are independently deployable and scalable, each service also provides 

a firm module boundary, even allowing for different services to be written in 
different programming languages.”

• Services as components
– independently deployed
– explicit interfaces
– remote calls with appropriate communication
– organized around business capabilities
– independent replacement and upgradeability
– as products (not projects) – team owns Microservice over entire lifetime
– decentralized data management
– design for failure – respond to other service unavailability as gracefully as possible

[Source https://martinfowler.com/articles/microservices.html]
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OMiLAB – Services and Dependencies

Used for 
OMiLAB account 

across several 
OMiLABs (i.e. 

PSMs)

Add/remove as 
needed

No Box: Needed 
to run a OMiLAB

OMiLAB 
Europe
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OMiLAB – Additional Services provided

• OMiLAB also provides additional services.
• Some are intended mainly for humans, like the GraphRep Generator, the 

Model Annotator or OMiLAB TV.
• Others provide an interface better suited to be called from other programs, 

like the OMiLAB Robotic Arms.
• Following an example where the OMiLAB Robotic Arm is used together 

with the Bee-Up tool.
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Preparing coffee

• The idea is to prepare coffee with the help of a robotic arm and a model 
describing the process and the different possibilities for creating the 
coffee.

• The robotic arm used is omiarm1, which provides a set of REST services 
to control the movement and operations of the arm, uses a pump to suck 
onto and handle light objects and has a coffee setup prepared.

• Petri Nets have been chosen as the modelling language, and the case 
was described using the Bee-Up modelling tool, which has different 
capabilities for executing/simulating Petri Nets, provides functionalities to 
execute code when firing transitions and can also perform HTTP calls.
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omiarm1
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Petri Net Model
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Bee-Up / ADOxx

Network 
(Internet)

Overview

REST
Interface

ServiceClient

AdoScript
TCP/IP
HTTP

Petri Net
Execution

(AdoScript)
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Details

• The transitions contain a special „Effect“ code which is executed when 
they fire.

• This code sets up the basic parameters and sends requests to the robot 
arm to perform certain operations (move to position, turn on valve etc.)

• Additionally an extension is used which allows and simplifies HTTP calls.
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Details

• The details about the position of things (e.g. where is the espresso pad) 
have been determined beforehand and specified in the code. Therefore 
the positioning template is necessary for this experiment.

• The transitions can be executed manually (by clicking on their “Fire” 
button) or using one of the simulation capabilities for Petri Nets available 
in Bee-Up.

• Upon firing the code specified in the transition is executed, which in turn 
calls the REST service provided by the arm to perform different 
operations.

• In the model one transition actually sends several calls to the robotic arm 
service to perform certain operations

– e.g. the ”Coffee Espresso” transition moves the arm over the pad, picks it up, moves 
to the cup, drops the pad and then returns to a “neutral” position
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Questions

• Is the line between where one service ends and the next one starts 
blurring?

– For example the OMiLAB Robot arms → they have different URLs for their different 
functions, are those different services? are they the same? on which level is decided 
where the boundaries of one service are? on the deployment?

– Think of it like modern computers with remote access: Several virtual computers all 
running on the same hardware. Are they different computers? are they the same 
computer (since same hardware)? Is the hardware shared or are the resources split 
up between the virtual computers?

– For example: The previously presented “PiService” → if it was deployed under 
/constants/pi; now think there is also a different class “EService” (which returns 
Euler's number) which is deployed under /constants/e; So those can be considered 
two services. What if there was instead only one class “ConstantsService” that was 
deployed under /constants, and depending on whether it is followed by /pi or /e it 
would return a different number. Is that one service? Are those two services? Is 
maybe one service “an accessible unit of function that provides a benefit”, meaning 
that “ConstantsService” would actually be two services?

– Is there actually a “Fuzzy Set” for “what a service is”?
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Questions

• Could it be that services aren‘t quantifiable? “Service” just is, but the 
boundaries are fluid.

• As an analogy: like a Beach. A beach is a bunch of sand at some 
water.

This is a Beach This is also a Beach

Are this both beaches together?
Is this the same beach?

Is this one beach?
Who draws the lines?
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Questions

• Are Services always „somewhere else?“
– Most certainly a service is “somebody else”, e.g. Doctor/Barber, but doctors can 

make house-calls.
– Is JDOM (an external Java component that allows easier processing of XML) a 

service?
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Other Service Examples
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Baker

„Bread“

ServerClient

Service ?

Baking and 
Selling

Behind every 
product there is 

a/are several 
service/s?
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Web Service – Weather – Online

Internet
Weather 
Service 
Vienna

Port 80 
(HTTP)

Client

Server

?
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The Answer Web Service

Internet

the answer to 
life, the 

universe and 
everything

Anwser 
Service

Port 80 
(HTTP)

Client

Server

42

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultät für Informatik
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Völz, B.Sc. MSc 90



Web Service – Fibonacci Number

Internet

Fib. 
#9?

Fibonacci 
Service

Port 80 
(HTTP)

Client

Server

9
34
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Web Service – Fibonacci Number

Here the input that has been 
passed with the request is 

determined. In case of a bad 
request, the response is sent 

right away. 

Here the value is 
calculated based on 

the input.

Here the output 
of the response is 

written.

Service 
Function

Response

Output

Call

Input

Service 
Function

Response

Output

Call

Input
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