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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.

Environment

Service Environment

Context / Data
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Web Service: Examples

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

* Qutput only: hitp://www.clockiab.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://lwww.google.at/maps/dir/Wahringer+Str.+29,+1090+Wien/Universit
atsring+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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http://www.clocktab.com/
https://www.dropbox.com/developers-v1/core/start/java
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https://www.google.at/maps/dir/W%C3%A4hringer+Str.+29,+1090+Wien/Universit%C3%A4tsring+1,+Wien/

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?

— |s 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) Service

— 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 SepE
(Object to JSON) and writing the response.
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Web Service vs. Server

Programmed
Service Code

Server Service
Very general Very specific
service tasks service tasks
(e.g.accept  JREHttp Apache Spring + (e.g. calculate a
HTTP requests)  Server Tomcat  Tomcat Fibonacci number)
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Web Service vs. Server

Programmed
Service Code

Server Service
Very general Very specific
service tasks service tasks
(e.g.accept  JREHttp Apache Spring + (e.g. calculate a

HTTP requests)  Server Tomcat  Tomcat Fibonacci number)
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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 .

* The benefit here is that it provides the number with 5000 decimal places,
thus a very precise value for .

* 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)

1 package services;

2

3% import java.io.IOException;[]

8

9 public class PiService implements HttpHandler {
10
118 public static String pi = "3.141592653589793238462643383279502884197169399375105820974944592307816406286208998628¢€
12 "893809525720106548586327886593615338182796823030195263530185296899577362259941389124972
13 "09946576407895126946839835259570982582262052248940772671947826848260147699099264013639{
14 "615679452080951465592252316038819301420937621378559566389377870839390697920773467221825
15 "96665573092547110557853763466820653109896526918620564769312570586356620185581097293606%
16 "21"; // Each line contains 1000 characters, since the first line contains the 3. we alg
17

@0Override
public void handle(HttpExchange exch) throws IOException {
// Lets us write the response
OutputStream os = exch.getResponseBody();
// Sets the response to 200 (0OK)
exch.sendResponseHeaders (200, 0);
String path = exch.getRequestURI().getPath();
if (path.endsWith(".html")) {
// We return it in html format
os.write(("<html><body><h1>The Value of &pi; (up to 5000 decimal places)</h1><p style=\"width:80%; " +
"word-wrap:break-word;\">" + pi + "</p></body></html>").getBytes());
} else if (path.endsWith(".json")) {
// We provide the value in a JSON object
os.write(("{\n\t\"pi\": " + pi + "\n}").getBytes());
} else {
// We just return the value as it is
os.write(pi.getBytes());
¥
// Good practice to close the stream once it is no longer needed.
os.close();

39 }
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Web Service — By Example (1)

1 package services; This class implements the

2 3

3% import java.io.IOException;[] service

8

9 public class PiService implements HttpHandler {

10

11 public static String pi = "3.141592653589793238462643383279502884197169399375105820974944592307816406286208998628¢€
12 "893809525720106548586327886593615338182796823030195203530185296899577362259941389124972
13 "099465764078951269468398352595709825822620522489407726719478268482601476990902640136394
14 "615679452080951465502252316038819301420937621378559566389377870830390697920773467221825
15 "966655730925471105578537634668206531098965269186205647693125705863566201855810072936065

"21"; // Each line contains 1000 characters, since the first line conflgins the 3. we alg

@verride T TTTToTTTTTToTTTmTTmmmmmmmmmmmTTmT
public void handle(HttpExchange exch) throws IOException {

// Lets us write the response

OutputStream os = exch.getResponseBody();

// Sets the response to 200 (0K)

exch.sendResponseHeaders (200, 0);

String path = exch.getRequestURI().getPath();

if (path.endsWith(".html")) {

os.wr'ite((“<html><bo&§$<h1>The Value of &pi; (up to 5000 dec Communication -
"word-wrap:break-word;\">" + pi + "</p></body></html
} else if (path.endsWith(".json")) { OUtpUt
// We provide the value in a JSON object
os.write(("{\n\t\"pi\": " + pi + "\n}").getBytes());
} else {

// We just return the value as it is

os.write(pi.getBytes()); 7
}

// Good practice to close the stream once it is no longer needed.
os.close();

h
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Web Service — By Example (1)

1 package services; This class implements the

2 9

3% import java.io.IOException;[] service

8

9 public class PiService implements HttpHandler {

10

11€ public static String pi = "3.141592653589793238462643383279502884197169399375105820974944592307816406286208998628€¢
12 "89380952572019654858632788659361533818279682303019520353018529689957736225994138912497i
13 "09946576407895126946839835259570982582262052248940772671947826848260147699090264013639
14 "61567945208095146550225231603881930142093762137855956638937787083939069792077346722182§
15 "966655730925471105578537634668206531098965269186205647693125705863566201855810072936065
16 w210 L) Edch 13 pins the 3. we als

18= @Override
19 public void handle(HttpExchange exch) throws
20 // Lets us write the response

21 OQutputStream os = exch.getResponseBody()
22 // Sets the response to 200 (0K)

23 exch.sendResponseHeaders (200, 0);

24 String path = exch.getRequestURI().getPath();
25 if (path.endsWith(".html")) {

26 e pekapnssE 7.

27 os.write(("<html Service Environment Communication -
28 "word-wr:

29 } else if (path.endsl Context / Data Output

30 // We provide thg¢
31 os.write(("{\n\t Call

Environment

Response

32 } else { |
33 // We just returi § Input Service Output
34 os.write(pi.getBy |
35 } =N S
36 // Good practice to Different
37 os.close(); ,
38 ¥ Service
39 }
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Web Service — By Example (1)

1 package services; This class implements the

2 9

3% import java.io.IOException;[] service

8

9 public class PiService implements HttpHandler {

10

11 public static String pi = "3.141592653589793238462643383279502884197169399375105820974944592307816406286208998628¢€
12 "89380952572010654858632788659361533818279682303019520353018529689957736225994138912497
13 "09946576407895126946839835259570982582262052248940772671947826848260147699090264013639
14 "61567945208095146550225231603881930142093762137855956638937787083039 69792077346722182d
15 "96665573092547110557853763466820653109896526918620564769312570586356¢4R01855810072936065

"21"; // Each line contains 1000 characters, since the first line con{ilins the 3. we alg

@verride T TTTTTTTTToTTTTmmTTmmTmmmmmmTmmTITT
public void handle(HttpExchange exch) throws IOException {
// Lets us write the response
QutputStream os = exch.getResponseBody();
// Sets the response to 200 (0K)
exch.sendResponseHeaders (200, 0);
String path = exch.getRequestURI().getPath();
if (path.endsWith(".html")) {
os.write(("<html><body><h1>The Value of &pi; ( OUtpUt for Human
"word-wrap:break-word;\">" + pi + "</p></body></html
} else if (path.endsWith(".json")) {

// We provide the value in a JSON object Output for Machine
os.write(("{\n\t\"pi\": " + pi + "\n}").getBytes(JJ3
} else {
// We just return the value as it is
os.urite(pi.getdytes()); Default Output

¥

// Good practice to close the stream once it is no longer needed.
os.close();

L
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Web Service — By Example

Output for Human

Output for Machine

Default Output

| localhost:8001/pi.html X ‘\+

(‘ ‘r;‘ localho:

The Value of 7w (up to S000 decimal |
places)

pi.html

3.1415926535897932384626433832795028841971693993
751058209749445923078164062862089986280348253421
170679821480865132823066470938446095505822317253
594081284811174502841027019385211055596446229489
549303819644288109756659334461284756482337867831
652712019091456485669234603486104543266482133936
072602491412737245870066063155881748815209209628
292540917153643678925903600113305305488204665213
841469519415116094330572703657595919530921861173
819326117931051185480744623799627495673518857527
|L.248912279381830119491298336733624406566430860213

yf localhost:8001/pi.json

€0

localhost:8001/pi.j

{ =

"pin:
3.1415926535897932384626433832795028841971693993751058209749
445923078164062862089986280348253421170679821480865132823066

470938446095505822317253594081284811174502841027019385211055 '—

596446229489549303819644288109756659334461284756482337867831
652712019091456485669234603486104543266482133936072602491412
737245870066063155881748815209209628292540917153643678925903
600113305305488204665213841469519415116094330572703657595919
530921861173819326117931051185480744623799627495673518857527
248912279381830119491298336733624406566430860213949463952247
371907021798609437027705392171762931767523846748184676694051
320005681271452635608277857713427577896091736371787214684409
012249534301465495853710507922796892589235420199561121290219
608640344181598136297747713099605187072113499999983729780499
510597317328160963185950244594553469083026425223082533446850
352619311881710100031378387528865875332083814206171776691473
035982534904287554687311595628638823537875937519577818577805
321712268066130019278766111959092164201989380952572010654858
6327868659361533818279682303019520353018529689957736225994138
912497217752834791315155748572424541506959508295331168617278

| localhost:8001/pi x ‘\+

11/p

3.1415926535897932384626433832795028841971693993751058209749
445923078164062862089986280348253421170679821480865132823066
470938446095505822317253594081284811174502841027019385211055

596446229489549303819644288109756659334461284756482337867831

652712019091456485669234603486104543266482133936072602491412
737245870066063155881748815209209628292540917153643678925903
600113305305488204665213841469519415116094330572703657595919
530921861173819326117931051185480744623799627495673518857527
248912279381830119491298336733624406566430860213949463952247
371907021798609437027705392171762931767523846748184676694051
320005681271452635608277857713427577896091736371787214684409
012249534301465495853710507922796892589235420199561121290219
608640344181598136297747713099605187072113499999983729780499
510597317328160963185950244594553469083026425223082533446850
352619311881710100031378387528865875332083814206171776691473
035982534904287554687311595628638823537875937519577818577805
321712268066130019278766111959092164201989380952572010654858
632788659361533818279682303019520353018529689957736225994138
912497217752834791315155748572424541506959508295331168617278
558890750983817546374649393192550604009277016711390098488240
128583616035637076601047101819429555961989467678374494482553

mn

(&

HTML

JSON

Text
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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.

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultat fur Informatik 18
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Vélz, B.Sc. MSc



Web Service — By Example (1) — Deployment

1 package main;

2

3% import java.net.InetSocketAddress;[]

8

CENAS

10 * This class creates a Java Server (the one built-in the JRE) and "deploys" the services on it.
11 * @author patrik

12 | kf

13 public class ServiceExampleServer {

public static final int DEFAULT_SOCKET = 8001;

public static void main(String[] args) {
try {
// If no argument has been passed, then the default socket will be used
int usedsocket = DEFAULT_SOCKET;
if(args.length>@)
usedsocket = Integer.valueOf(args[0]);
// Creates the server represented by an object
HttpServer server = HttpServer.create(new InetSocketAddress(usedsocket), 0);
// "Deploys" the services on the server at specific URLs
server.createContext("/theanswer", new TheAnswerService());
server.createContext("/pi", new PiService());
server.createContext("/time", new CurrentTimeService());
server.createContext("/fibonacci",lnew FibonacciNumberService());
server.createContext("/stopwatch", new StopwatchService("/stopwatch"));
// Starts the server. It will run until the application is stopped (e.g. CTRL+C)
server.start();
System.out.println("Server started");
System.out.println("Try the available contexts with .html and .json");
System.out.println("\nAvailable contexts (relative paths):");
System.out.println("/theanswer");
System.out.println("/pi");
System.out.println("/time");
System.out.println("/fibonacci");
System.out.println("/stopwatch");
System.out.println();
} catch (Exception e) {
e.printStackTrace();

¥




Web Service — By Example (1) — Deployment

1 package main;

2

3% import java.net.InetSocketAddress;[]

8

9& [x%

10 * This class creates a Java Server (the one built-in the JRE) and "deploys" the services on it.
11 * @author patrik

12 | &y
13 public class ServiceExampleServer {
14
15 public static final int DEFAULT_SOCKET = 8001;
16
Tive ublic static void main(Strin args H
il SECiel] s Here the server object
{19 // If no argument has been passed, then th fault socket wil .
L2 int usedsocket = DEFAULT_SOCKET; is created and the
21 if(args.length>0) . . . .
22 usedsocket = Integer.valueOf(args[0]); |nd|V|dua| SerV|Ces are
123 // Creates the server represented by an objeq
124 HttpServer server = HttpServer.create(new IneftSocketAddress (us<dl ” 11
{25 // "Deploys" the services on the server at specific URLs deployed at SpeCIfIC
26 server.createContext("/theanswer", new TheAns
27 server.createContext("/pi", new PiService()); paths' (Yesl we aISO
{28 server.createContext("/time", new CurrentTime i E
.29 ser‘ver‘.cr‘eateContext("/fibonacci“,l new FibonalcciNumberService deploy some more
{30 server.createContext("/stopwatch", new StopwatchService("/stop )
| EX // Starts the server. It will run until the application is stog example services here)
server.start()s
System.out.println( ST ed");
System.out.println("Try the avallee .
System.out.println("\nAvailable contexts
System.out.println("/theanswer"); Sta rt the

System.out.println("/pi");
System.out.println("/time"); server
System.out.println("/fibonacci");
System.out.println("/stopwatch");
System.out.println();
42 } catch (Exception e) {

3 e.printStackTrace();

a4 }
Las ¥
46 }
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Web Service — By Example (1) — Deployment

B Console 52 #] Problems @ Javadoc [ Declaration -+ Search & Progress [E] TaskList | Tasks |

ServiceExampleServer [Java Application] C:\Program Files (x86)\Java\jrel.8.0_102\bin\javaw.exe (19.09.2017, 16:06:40)
Kerver started

Try the available contexts with .html and .json

Available contexts (relative paths):
/theanswer

/pi

/time

/fibonacci

/stopwatch
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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.

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultat fur Informatik
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Server

JRE

PiService

ServiceExample
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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)

1 package services;

2

3% import java.io.IOException;[]

12

* Provides the value of pi including the first 5000 decimal places. []

7 public class PiService extends AbstractHandler m

public static String pi = "3.141592653589793238462643383279502884197169399375105820974944592307816406286208998628¢
"89380952572010654858632788659361533818279682303019520353018529689957736225994138912497.
"09946576407895126946839835259570982582262052248940772671947826848260147699090264013639:
"61567945208095146550225231603881930142093762137855956638937787083039069792077346722182"
"96665573092547110557853763466820653109896526918620564769312570586356620185581007293606"
"21"; // Each line contains 1000 characters, since the first line contains the 3. we al:

public PiService() {
super();

¥

@0verride
public void handle(String target, Request baseRequest, HttpServletRequest request, HttpServletResponse response)
throws IOException, ServletException {

// Set the response code
response.setStatus(HttpServletResponse.SC_O0K);

PrintWriter out = response.getWriter();
if("/html".equals(target)) {
response.setContentType("text/html");
// We return it in html format
out.write("<html><body><h1>The Value of &pi; (up to 5000 decimal places)</h1><p style=\"width:80%; " +
"word-wrap:break-word;\">" + pi + "</p></body></html>");
} else if ("/json".equals(target)) {
response.setContentType("application/json");
// We provide the value in a JSON object
out.write("{\n\t\"pi\": \"" + pi + "\"\n}");
} else {
response.setContentType("text/plain");
// We just return the value as it is
out.write(PiService.pi);

out.close();
baseRequest.setHandled(true);
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Web Service — By Example (1) — Jetty (embedded)

i jpaciagaiccanvicas; This class implements
3% import java.io.IOException;[] .

L ’ the service
14® * Pprovides the valug e — —
17 public class PiService extends AbstractHandler [f

18

19 public static String pi = e

20 38912497.
21 "099465764078951 28 d I I d b 64013639
22 "61567945208095146550 H a n e rs a re ate r u Se y 46722182
23 "9666557309254711055785 . . 07293606
24 "21"; // Each line contai Jetty to handle Incomlng 3. we als
25

26¢ public PiService() {

27 super(); req uests

28 }

29

@0Override
public void handle(String target, Request baseRequest, HttpServletRequest request, HttpServletResponse response)
throws IOException, ServletException {
/[ Set the response code T TTTTTTTTTT
response.setStatus(HttpServletResponse.SC_0OK);

PrintWriter out = response.getWriter();

if("/html".equals(target)) {
response.setContentType("text/html");
// We return it in html format
out.write("<html><body><h1>The Value of &pi; (up to 5000 decimal

“"word-wrap:break-word;\">" + pi + "</p></body></html>"); H H _
43 } else if ("/json".equals(target)) { Communlcatlon
44 response.setContentType("application/json");
45 // We provide the value in a JSON object Output
46 out.write("{\n\t\"pi\": \"" + pi + "\"\n}");
47 } else {
48 response.setContentType("text/plain");
A9 // We just return the value as it is
50 out.write(PiService.pi);
51 }
52 out.close();
i L L
54 }
Oss 9
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Web Service — By Example (1) — Jetty (embedded)

1
2

3% import java.io.IOException;[]

_12

14® * Provides the value a

17
18
19
20
21
22
23
24
25

26¢

27
28
29

W N e

[V IV IS IV, BV, BV, B SN o
Iy

wn

f
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package services;

public class PiService extends AbstractHandler [f
public static String pi =

"099465764078951
"61567945208095146550
"9666557309254711055785
"21"; // Each line contai

public PiService() {
super();

¥

@0Override

public void handle(String target, Request baseRequest, HttpServletRequest request, HttpServletResponse response)

throws IOException, ServletException {

// Set the response code
response.setStatus(HttpServletResponse.SC_0OK);

PrintWriter out = response.getWriter();
if("/html".equals(target)) {
response.setContentType("text/html");
// We return it in html format
out.write("<html><body><h1>The Value of &pi;
"word-wrap:break-word;\">" + pi + "</
} else if ("/json".equals(target)) {
response.setContentType("application/json");
// We provide the value in a JSON object
out.write("{\n\t\"pi\": \"" + pi + "\"\n}");
} else {
response.setContentType("text/plain");
// We just return the value as it is
out.write(PiService.pi);
¥
out.close();
baseRequest.setHandled(true);

This class implements

the service

38912497
64013639
A6722182!

Handlers are later used by
Jetty to handle incoming [
requests

Output for Human

Output for Machine

Default Output

26



Web Service — By Example (1) — Jetty (embedded

Output for Human

Output for Machine

| BB Iocalhost:8081/pi/html

( ) : o[ B | [ _

Default Output

o | B [

B 'ocalhost:8081/pifjson x \

€

The Value of 7 (up to S000 decimal
| places)

@ localhost8081/pi/t

3.1415926535897932384626433832795028841971693993

751058209749445923078164062862089986280348253421
170679821480865132823066470938446095505822317253
594081284811174502841027019385211055596446229489
549303819644288109756659334461284756482337867831
652712019091456485669234603486104543266482133936
072602491412737245870066063155881748815209209628
292540917153643678925903600113305305488204665213
841469519415116094330572703657595919530921861173
819326117931051185480744623799627495673518857527
248912279381830119491298336733624406566430860213

»

€

@ localhost:8081/pi/json C || Q Suchen S

JSON Rohdaten Kopfzeilen
[ Speichern Kopieren Einheitlich formatieren
{
nnins

1 "3.1415926535897932384626433832795028841971693993751058209749445923078164
}

B 'ocalhost:8081/pi/ x
&«

3.1415926535897932384626433832795028841971693993751058209749
445923078164062862089986280348253421170679821480865132823066
470938446095505822317253594081284811174502841027019385211055
596446229489549303819644288109756659334461284756482337867831
652712019091456485669234603486104543266482133936072602491412
737245870066063155881748815209209628292540917153643678925903
600113305305488204665213841469519415116094330572703657595919
530921861173819326117931051185480744623799627495673518857527
248912279381830119491298336733624406566430860213949463952247
371907021798609437027705392171762931767523846748184676694051
320005681271452635608277857713427577896091736371787214684409
012249534301465495853710507922796892589235420199561121290219
608640344181598136297747713099605187072113499999983729780499
510597317328160963185950244594553469083026425223082533446850
352619311881710100031378387528865875332083814206171776691473
035982534904287554687311595628638823537875937519577818577805
321712268066130019278766111959092164201989380952572010654858
632788659361533818279682303019520353018529689957736225994138
912497217752834791315155748572424541506959508295331168617278
558890750983817546374649393192550604009277016711390098488240
128583616035637076601047101819429555961989467678374494482553

E1 € || Q Suchen

(@ localhost:8081/pi

€

HTML

JSON
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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

package main;

try {

Server
server
server

servenr

¥

B

= import org.eclipse.
import org.eclipse.

jetty.server.Server;
jetty.server.handler.ContextHandler;

import services.PiService;

public class StartServer ﬂ

)E public static void main(String[] args) {
ContextHandler ch = new ContextHandler();

ch.setContextPath("/pi");
ch.setHandler(new PiService());

server = new Server(8081);

.setHandler(ch);

.start();

server.

.join();

} catch (Exception ex) {
ex.printStackTrace();

dumpStdErr();

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultat fur Informatik
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Web Service — By Example (1) — Jetty (embedded)

Deployment

package main;

try {

Server
server
server

h

= import org.eclipse.
import org.eclipse.jetty.server.handler.ContextHandler;

server.
} catch (Exception ex) {
ex.printStackTrace();

jetty.server.Server;

import services.PiService;

public class StartServer ﬂ

public static void main(String[] args) {
ContextHandler ch = new ContextHandler();

ch.setContextPath("/pi");
ch.setHandler(new PiService());

—

server = new Server(8081);)

.setHandler(ch);
.start();
server.

dumpStdErr();

join(); _
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configure the

context

Create, configure

and start the
server
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Web Service — By Example (1) — Jetty (embedded)
Deployment

* Deployment of the specific Service IRE

— The creation of the server and PiService
deployment of services is handled o
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.
Jetty Server

— When the execution stops [l the server Library (+
StOpS too. dependences)

StartServer
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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 1 as a JSON object (no fancy
“for Human” and “Default’).
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Web Service — By Example (1) — Spring (REST)

A class for objects representing 1T

1 package com.example.main;
2

3 public class Pi {

private static final String pi = "3.1415926535897932384626433832795028841971693993751058209749445923078164062862089986
"8938095257201065485863278865936153381827968230301952035301852968995773622599413891249721775283479131515574857
"0994657640789512694683983525957098258226205224894077267194782684826014769909026401363944374553050682034962524

‘ "6156794520809514655022523160388193014209376213785595663893778708303906979207734672218256259966150142150306803!

9 "9666557309254711055785376346682065310989652691862056476931257058635662018558100729360659876486117910453348850

{10 =1
i
{2 public Pi() {
13 super();
{15
{168 public String getPi() {
117 return Pi.pi;
118 }
g [
A class implementing the service A class for bootstrapping everything

1 package com.example.main;

1 package com.example.main; s

B _ ’ & X 3® import org.springframework.boot.SpringApplication;[]
3® import org.springframework.web.bind.annotation.RequestMapping;[] 7
R 6 TT 8 @SpringBootApplication
| 7 @RestController . 9 public class ServiceExamplesApplication extends SpringBootServletInitializer ﬂ
. 8 public class PiServicelson {| 10
9 1= @Override
Hee @Requestiapping(path="/pi", method=RequestMethod.GET) &12 protected SpringApplicationBuilder configure(SpringApplicationBuilder application) {
: P . 5 113 return application.sources(ServiceExamplesApplication.class);
11 public Pi getPi() { i }
12 return new Pi(); s
il% } 16 public static void main(String[] args) {
14 m 117 SpringApplication.run(ServiceExamplesApplication.class, args);
18 }
B
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Web Service — By Example (1) — Spring (REST)

A class for objects representing 11

1 package com.example.main;
2
7 3 public class Pi {

a
5e private static final Q =

: “sosae9s25y26 Unlike previously,
7 "0999465764078|

8

ekl COmmunication is handled
’ by Spring and we simply

public Pi() {

37 super(); o
¢ declare where it connects
‘}’“*"i:tii:i?éiif”” through annotations

A class implementing A class for bootstrapping everything

package com.example.main; 1 package com.example.main;

®import org.springfs p#Oind.annotation.RequestMapping;[] 3% import org.springframework.boot.SpringApplication;[]

@RestController @SpringBootApplication

PWNROWOONOGOWNR
i

public class PiSegJsfeIson {I iogBootServletInitializer {|
@RequestMapping(path="/pi", method=RequestMethod.GET) 1
public Pi getPi()({ From the programmers pOInt gApplicationBuilder application) {
return new Pi(); . . . ication.class);
" of view the service is very

simple: It only returns an  ZXCEERESSF
object of type Pi
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Web Service — By Example (1) — Spring (REST)

@ localhost:8080/ServiceExam % \+

('. O] localhost:8080/ServiceExamples/pi El| & Q Suchen S) ﬁ E ‘ ) :: 2 | v —

JSON Rohdaten | Kopfzeilen

Speichern Kopieren Einheitlich formatieren ‘
{"pi":"3.14159265358979323846264332327950288419716939937510582097494459230781640628620899862803482534211706798214808651328230)
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Web Service — By Example (1) — Spring (REST)
Deployment

* In this case a .war has been created using  ServiceExamples.war
Apache Maven.
— Some configuration of the pom.xml for Maven was —
necessary. \

* This .war has then been deployed on an R
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

-

S

}é{ <Dep|oyed on
m =

5

\

Apache Tomcat 8.5
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http://localhost:8080/ServiceExamples/pi

Web Service — Simplest Architecture

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

— 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. Server

— For maintainability the deployment details
are usually specified relative to the server
(e.g. relative path).
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Web Service — Architecture

Service

Along this path additional
processing of the
Response/ Request can
happen

ervice
Technologies
Frameworks

Deployed on

Request

Server (Call)
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Web Service — General Architecture

news
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Web Service — General Architecture

Developer ,Extended” View

uses
(optional) S Client Program
SOAP, REST, JSON, HTML etc.
deployed
(other) Service accesses ,-":
(opt|ona|):.,~' Server E runs
L(Tomcat i) ””l
T ._.’..... ‘
DNS-Server
runs o
reglstered \
,Fo
Storage (DB, \E g \\
File system etc.) I 2 Network -
(Internet, .
A Securlty — Client
Server / Host TCP/|P, HTTP, etc. Computer(s)

Computer(s)

Network Administrator View

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

40



Web Service — General Architecture

Google
©ORFat

uses

Developer ,Extended” View

(optional)

Service

Client Program

SOAP, REST, JSON, HTML etc.

deployed

(other) Service

A 7

-~

accesses ;
(optional) 7

Server

+
!-.
.

ORACLE runs

DATABASE &35 server MY SOL

.
o
o
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|

.
o
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.
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' ] \ Internet, ... ‘-
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f!’ Selver/f Hosk TCP/IP, HTTP, etc.
> Computer(s)

Network Administrator View
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Web Service — General Architecture

® Developer , Extended” View
OMLAB P

uses A ‘
M Client Program w | =
43/ — SOAP, REST, JSON, HTML etc.

(other) Service accesses §
(optional)

deployed

; Server runs
*Text Service I_(Tom_cat__
*File Service N A N
DownloadS. “N~— s - . ﬁ"
. " registered » 9,

*Role Service - A
. ... Storage (DB, e I,,— r:’,:#“;! \\,

ile system etc.) o ; \ o " l:letwotrk -
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Computer(s)

Network Administrator View
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Web Service — General Architecture

Enterprise IS Developer ,Extended” View

uses DKE A
M Client Program w | =
43/ — SOAP, REST, JSON, HTML etc.
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deployed

; Server runs
*Text Service I_(Tom_cat__
*File Service N A N
DownloadS. “N~— s - . ﬁ"
. " registered » 9,

*Role Service - A
. ... Storage (DB, e I,,— r:’,:#“;! \\,

ile system etc.) o ; \ o " l:letwotrk -

? \ nterne .
& loera d Secunty : — gl ’ Cllent
Server / Host TCP/IP, HTTP, etc. Computer(s)

Computer(s)

Network Administrator View
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Web Service — Some Technologies

. . +
Technologies used service concern server + framework
for Web-Services concern

Choreography — CDL4WS
Orchestration - BPEL4WS

Transaction

S-Reliability | WS-Security | Coordination

Context

=)

XML
HTTP, JMS, SMTP

Using JRE built in Using Spring

HTTP Server SRRSO
Apache Tomcat

+ Configuration
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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.

— Oris 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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http://www.google.com/

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 | need a Ul?)
— 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 Hittp
Server

* The Service classes implementing HttpHandler.

* A main method that creates an HttpServer object, deploys the services
and starts the server.

* Afitting 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.
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Web Service — By Example (1) — Requirements — Jetty
(embedded)

* The Service classes implementing AbstractHandler.

* Amain 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
* Afitting 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.
* Afitting 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
iImplementation

* 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
iImplementation

* 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:

11
2 ')
13

14

public class Teapot extends HttpServlet {
private static final long serialVersionUID = 1L;

private String[] lines;
private int nextline;

public void init() {
this.lines = new String[] {

"I'm a little teapot short and stout",
"Here is my handle, here is my spout",
"When I get all steamed up I just shout",
"Tip me over and pour me out",
"I am a very special pot, it is true",
"Here is an example of what I can do",
"I can turn my handle into a spout”,
"Tip me over and pour me out"

5
this.nextline = 0;

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

web.xml [ also in

public void doGet(HttpServletRequest request, HttpServletResponse response) throws IOException { th e pa Cka ge ( Wa r)
.

response. setContentType("text/html");
PrintWriter pw = response.getriter();

pw.println("<!DOCTYPE html>\n<html>\n\t<head>\n\t\t
pw.println(this.lines[this.nextline]);
this.nextline = (nextline+1)%this.lines.length;
pw.println("</p>\n\t</body>\n</html>");

19

21

<?xml version="1.0" encoding="IS0-8859-1" ?>

<web-app xmlns="http://java.sun.com/xml/ns/j2ee"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemalocation="http://java.sun.com/xml/ns/j2ee http://java.sun.com/xml/ns/j2ee/web-app 2 4.xsd"
version="2.4">

<display-name>Teapot Application</display-name>
<description>Sometimes all you want to be is a teapot.</description>

<servlet>
<servlet-name>Teapot</servlet-name>
<servlet-class>teapot.Teapot</servlet-class>
</servlet>

<servlet-mapping>
<servlet-name>Teapot</servlet-name>
<url-pattern>/</url-pattern>
</servlet-mapping>

</web-app>
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Web Service — Example for Shift 1

* Now possible:

Java implementation

11 @WebServlet(name="Teapot", urlPatterns="/")
12 public class Teapot extends HttpServlet {
13 private static final long serialVersionUID
14
15 private String[] lines;
16 private int nextline;
17
18
?19 public void init() {
120 this.lines = new String[] {
21 "I'm a little teapot short and stout",
. vW) "Here is my handle, here is my spout”,
23 "When I get all steamed up I just shout”,
124 "Tip me over and pour me out",
{25 "I am a very special pot, it is true",
126 "Here is an example of what I can do",
{27 "I can turn my handle into a spout”,
.28 "Tip me over and pour me out"
29 5
30 this.nextline = 9;
3 }
32
33
a34 public void doGet(HttpServletRequest request, HttpServletResponse response) throws IOException {
35 response.setContentType("text/html");
36
37 PrintWriter pw = response.getWriter();
39 pw.println("<!DOCTYPE html>\n<html>\n\t<head>\n\t\t<title>Teapot</title>\n\t</head>\n\t<body>\n\t\t<p>");
40 pw.println(this.lines[this.nextline]);
41 this.nextline = (nextline+1)%this.lines.length;
42 pw.println("</p>\n\t</body>\n</html>");
43 }
44 }
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Web Service — Noticed Shifts in Java Service
iImplementation

* 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:

4 =2 Teapot)
b AP JAX-WS Web Services
4 2% Java Resources

a [ src
3 (default package)
4 £ teapot
b [J] Teapotjava
> = Libraries
;> = JavaScript Resources
> (= build
4 (= WebContent
b (= META-INF
> (£ WEB-INF

er Datentrager (C:) » Server » jetty-base » webﬁps

nehmen v Freigeben fir » Brennen Neuer Ordner

Name Anderungsdatum Typ GroBe

|| Teapot.war 10.10.2017 09:46 WAR-Datei 2KB

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



Web Service — Example for Shift 2

* Now possible:

-J
4 [=> TeapotlettyEmbedde
B JRE System L|brary {|I‘EE§} X S\Servicebxamplesyjava -Jar leapotJettyEmbeadedyg
=5 N 0 .024: : Logging initialized @404ms to org.eclipse. j
4 |5 src 5 14:10:51: 7081 INF g (‘Eggextaézdléi hlin: fsTartea o k. i.5.h.Contex
3 (default package)
4 1 main
[J] StartServer.java
a4 ff services
Teapot.java

IL
oe js.AbstractConnector:main: Started Servi
8l

(ﬂ
: Stsvted @580ms

. jett
o eclipse
- i=60qo0) - 574 R1‘ED

+- 13 qtp29437872-13 IDLE TIMED_WAITING @ sun.misc.Unsafe.park(Native Methol
-8 RUNNABLE @ sun.nio.ch.WindowsSelectorImpl$SubSelector.po

U(Hathe l|ethod)
P29437872-11 IDLE TIMED_WAITING @ sun.misc.Unsafe.park(Native Methol

- +- 10 _qtp29437872-10 0@63197e-ServerConnecto 43f af (HTTP/1. 1, [htt|
80813 RHIIN»«BLE Hl‘ sun nio.ch. Ser‘\er‘SocketChahnelImpl acceptd(Nat i

4 B, Referenced Libraries
@ jetty-http-9.4.7.v20170914 jar — IS e e C i

til. Hvread dT| eachol@quZ’idq. 2({STARTED

i e
- - - - '+= org.eclipse. jetty.util.thread.ScheduledExecutorScheduler@aS70f - STARTED)
o100 tt:(_ -

& ’e 1o 9.4.7.V20170914.J8f - .eclipse, rbeBufferPool@163428s |
onnectxonFactor»Lﬂlaséb 4LHTTP/1. 1]

(o0 jetty-server-9.4.7.v20170914 jar L ;o HisrConriaue sredBasiRleasin 515778
oy jetty-util-9.4.7.v20170914 jar
oy servlet-api-3.1.jar

= lib
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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).

Dr.rer.soc.oec. Maxim Vidgof, MSc BSc, Workflow Systems and Technology, Fakultat fur Informatik 57
Folien mit freundlicher Genehmigung von emer. o. Univ.-Prof. Dr.techn Dimitris Karagiannis, Mag. Dr. Wilfrid Utz und Alexander Vélz, B.Sc. MSc



Web Service — By Example (2)

1 package services;
2

3% import java.io.IOException;[]
9
10 public class CurrentTimeService implements HttpHandler {
11

@0verride

// Lets us

// Get

String

/1

} else
//
os

} else
//
os

}

} else {

¥

43 }

0os.

public void handle(HttpExchange exch) throws IOException ﬂ

write the response

OutputStream os = exch.getResponseBody();

if ("GET".equals(exch.getRequestMethod())) {
// Sets the response to 200 (0K)
exch.sendResponseHeaders (200, 0);

the current date and time

LocalDateTime dt = LocalDateTime.now();
String timeformatted = (String.format("%02d", dt.getHour()) + ":" + String.format("%02d", dt.getMinute()) +

":" + String.format("%02d", dt.getSecond()));
path = exch.getRequestURI().getPath();

if (path.endsWith(".html")) {

We return it in html format

write(("<html><body><h1l style=\"word-wrap:break-word;\">" + timeformatted + "</h1></body></html>").getBytes());

if (path.endsWith(".json")) {
We provide the value in a JSON object

wreite(("{\n\t\"formatted\": \"" + timeformatted + "\",\n\t\"hour\": " + dt.getHour() + ",\n\t" +

"\"minute\": " + dt.getMinute() + ",\n\t\"second\": " + dt.getSecond() + "\n}").getBytes());

{
We write the time in HH:MM:SS format

.write(timeformatted.getBytes());

// Sets the response to 405 (Method Not Allowed)
exch.sendResponseHeaders (405, 0);
os.write("405 - Method Not Allowed, please only use the GET method.".getBytes());

// Good practice to close the stream once it is no longer needed.
os.close();
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Web Service — By Example (2)

1 package services;

2

3% import java.io.IOException;[]

9
10 public class CurrentTimeService implements HttpHandler {

@0verride
public void handle(HttpExchange exch) throws IOException ﬂ
// Lets us write the response
OutputStream os = exch.getResponseBody();
if ("GET".equals(exch.getRequestMethod())) {
// Sets the response to 200 (OK)
exch.sendResponseHeaders (200, 0);
// Get the current date and time
LocalDateTime dt = LocalDateTime.now();
String timeformatted = (String.format("%02d", dt.getHour()) + ":" + Str
":" + String.format("%02d", dt.getSecond()));
String path = exch.getRequestURI().getPath();
if (path.endsWith(".html")) {
// We return it in html format

i

Uses the local time of
the service
envi

ronment

The remainder deals with
communication, the output
more specifically

os.write(("<html><body><hl style=\"word-wrap:break-word:\">"

+ timef —

} else if (path.endsWith(".json")) { Environment
// We provide the value in a JSON object
os.write(("{\n\t\"formatted\": \"" + timeformatt

"\"minute\": " + dt.getMinute() + ",\n\t

} else {

// We write the time in HH:MM:SS format
os.write(timeformatted.getBytes());

}

} else { T et
// Sets the response to 405 (Method Not Allowed)
exch.sendResponseHeaders (405, 0);
os.write("405 - Method Not Allowed, please only use

Service Environment

Context / Data

Service

Response

+
@ 5 ));
Output

¥

// Good practice to close the stream once it is no longer needed.
os.close();

i
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Web Service — By Example (2)

Output for Human Output for Machine Default Output

"minute”: 30,
"second": 30

[EENEEE ) o[ 5 [es| [ =
localhost:8001/time.html x Ut localhost:8001/time.json x U+ localhost:8001/time x U
€& ) O localhost:8001/time.html ¢ Q, Suchen S » = € ) O localhost:8001 /time.json C || Q Suchen S » = €& O localhost:8001/time ¢ Q, Suchen S » =
{ 15:30:40
15:30:17 "formatted": "15:30:30",
Phour®: 15;

HTML JSON Text

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

60



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 15'? The 2"9?
The 397 ...).

* 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

package services;
@ import java.io.IOException;[]
public class FibonacciNumberService implements HttpHandler {

= @verride
public void handle(HttpExchange exch) throws IOException {
// Lets us write the response
OutputStream os = exch.getResponseBody();
if ("GET".equals(exch.getRequestMethod())) {

String query = "&" + exch.getRequestURI().getQuery() + "&";

int startpos = query.indexOf("&n=");

if (startpos < @) { // If the n parameter is missing
// Sets the response to 400 (Bad Request)
exch.sendResponseHeaders (400, @);
os.write("4@@ - Bad Request, parameter n is missing.".getBytes());
os.close();
return;

int number = Integer.parseInt(query.substring(startpos+3, query.indexOf("&", startpos+l)));

if (number <= @) { // If they are asking for a negative Fibonacci number ... which doesn't exist
// Sets the response to 400 (Bad Request)
exch.sendResponseHeaders (400, @);
os.write(("4@0 - Bad Request, the first Fibonacci number is 1, not " + number).getBytes());
os.close();
return;

// Determine the Eibonacci number
// Note that fibl and fib2 should be interpreted as "n" and "n-1"
BigInteger fib = new BigInteger("1"), fibl = new BigInteger("1"), fib2 = new BiglInteger("1");
for(int i=3; i<=number; i++) { // this is only executed if they ask for a Fibbonaci number >= 3
fib = fibl.add(fib2);
fibl = fib2;
fib2 = fib;

// Sets the response to 200 (OK)
exch.sendResponseHeaders(200, @);
String path = exch.getRequestURI().getPath();
if (path.endswith(".html")) {

// We return it in himl format

} else if (path.endsWith(".json")) {

// We provide the value in a JSON object

os.write(("{\n\t\"number\": " + number + ",\n\t\"value\": " + fib.toString() + "\n}").getBytes());
} else {

// Write the determined Fibonacci number

os.write(fib.toString().getBytes());

}
} else {
// Sets the response to 485 (Method Not Allowed)
exch.sendResponseHeaders(4085, @);
os.write("4@5 - Method Not Allowed, please only use the GET method.".getBytes());

// Good practice to close the stream once it is no longer needed.
os.close();
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Web Service — By Example (3)

1 package services;
2
3@ import java.io.IOException;[]
9
10 public class FibonacciNumberService implements HttpHandler {
11
L 120 @verride
: public void handle(HttpExchange exch) throws IOException {
// Lets us write the response
OutputStream os = exch.getResponseBody();
if ("GET".equals(exch.getRequestMethod())) {
// Get the query parameters, note that we force to start and end it w1th & so we have proper del
String query = "&" + exch.getRequestURI().getQuery() + "&";
int startpos = query.indexOf("&n=");
if (startpos < @) { // If the n parameter is missing
// Sets the response to 400 (Bad Request)
exch.sendResponseHeaders (480, @);
os.write("400 - Bad Request, parameter n is missing.".getBytes());
os.close();
return;

}

int number = Integer.parseInt(query.substring(startpos+3, query.indexOf("&
if (number <= @) { // If they are asking for a negative Fibonacci number .
// Sets the response to 4@@ (Bad Request)
exch.sendResponseHeaders (480, @);
os.write(("40@ - Bad Request, the first Fibonacci number is 1, not " +|number).getBytes());
os.close();
return;

» startpos+1)));
. which doesn't exist

¥
// Determine the Eibgnacci number
// Note that fibl and fib2 should be interpreted as "n" and "n-1"
BigInteger fib = new BigInteger("1"), fibl = new BigInteger("1"), fib2 = BlgInteger(“l")
for(int i=3; i<=number; i++) { // this is only executed if they ask for a FEabbona

fib fibl.add(fib2);
fib2;
fib;

// Sets the response to 200 (0K)
exch.sendResponseHeaders(200, @);
String path = exch.getRequestURI().getPath();

imiters between the key-value pairs

Here the input is

determined that has
been passed with
the request

Here the value is
calculated based
on the input

if (path.endsWith(".html")) {

// We return i Environment
os.write(("<h
} else if (path.e
// We provide
os.write(("{\
} else {
// Write the d
os.write(fib.

style

b.toSt

}

} else {
// Sets the respon
exch.sendResponse
os.write("405 - Method Not Allowed please only use the GET method.".getBy

// Good practice to close the stream once it is no longer needed.
os.close();

Service Environment el>") :getBytes())3

Context / Data

). A= =
Different
Service
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Web Service — By Example (3

Output for Human

Output for Machine

Default Output

localhost:8001/fibonacci.html?n

x
& @ localhost:2001/fit E|e|lQ S »
Fibonacci #9000 is

346160291286684746313289272940653195821004938840574649197792
354882626761451249209476688158830845438584081783077248969641
036805567685925275096026379667053520731117017902152350004056
055263290740468312565519013758527115134986679500927618960595
898784125436743322890902556558480966166842068858827121368084

037500398689666218044551350360442646862696279483129043660912

539980584260616428129687853518243358544506024804211410314325
692133398509706576596745187284000675448960566587838629300214
068490071678112576561242120168921521062906855593650494011391
615760506296564726181583639595605639315514462323593255726350
681177298919692687529131475966996479175735276726414564038873
951028105275764984412066591637415934772279139455253087288034
009154993561193308269619883651016764739580528775882659332284
075160900251889565909001620005955898020498741253426259183467

m

localhost:8001/fibonacci.json?n

x \ +
& (O localhost8001/fit B c|lQ 8 » =
{

"number”: 9000,

"value":

346160291286684746313289272940653195821004938840574649197792
354882626761451249209476688158830845438584081783077248969641
036805567685925275096026379667053520731117017902152350004056
055263290740468312565519013758527115134986679500927618960595
898784125436743322890902556558480966166842068858827121368084
037500398689666218044551350360442646862696279483129043660912
539980584260616428129687853518243358544506024804211410314325

692133398509706576596745187284000675448960566587838629300214

0684900716768112576561242120168921521062906855593650494011391
615760506296564726181583639595605639315514462323593255726350
681177298919692687529131475966996479175735276726414564038873
951028105275764984412066591637415934772279139455253087288034
009154993561193308269619883651016764739580528775882659332284
075160900251889565909001620005955898020498741253426259183467
407856451935255744598735677063143605951074135853992415938277
666700535092854704966755528337679057697026202081967337389133
151551900992563506110333584028337592625787023110008351289364
452178195306107056259768301902940710358705695173401175797592

m

localhost:8001/fibonacci?n=9000 » | +
-

€0

localhost:8001/fit

Bl ¢ ||Q Sucher S »

346160291286684746313289272940653195821004938840574649197792
354882626761451249209476688158830845438584081783077248969641
036805567685925275096026379667053520731117017902152350004056
055263290740468312565519013758527115134986679500927618960595
898784125436743322890902556558480966166842068858827121368084
037500398689666218044551350360442646862696279483129043660912
5399805842606164281296878535182433568544506024804211410314325
692133398509706576596745187284000675448960566587838629300214
068490071678112576561242120168921521062906855593650494011391
615760506296564726181583639595605639315514462323593255726350
681177298919692687529131475966996479175735276726414564038873
951028105275764984412066591637415934772279139455253087288034
009154993561193308269619883651016764739580528775882659332284
075160900251889565909001620005955898020498741253426259183467
407856451935255744598735677063143605951074135853992415938277
666700535092854704966755528337679057697026202081967337389133
151551900992563506110333584028337592625787023110008351289364
452178195306107056259768301902940710358705695173401175797592
063874235214258319794748258830812224447883759078743189231351
248058057742818858083652751310389157188583652487191753681908
871324452598859106144951594606797195786754559141129782727790

m

JSON
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Web Service — By Example (4)

* This time a more sophisticated stopwatch service is provided.
* |t 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)

OutputStream os = exch.getResponseBody();
if ("GET".equals(exch.getRequestMethod())) {|
if (this.tokens.containsKey(token)) {
long timediff = System.currentTimerMillis() - this.tokens.get(token);
int mss = (int)timediff¥1000;
int secs = (int)(timediff/1000)%60;
int mins = (int)(timediff/60000)%60;
int hours = (int)(timediff/3600000)%24;
int days = (int)(timediff/86400000);
String timeformatted = (days + ":" + String.format("%@2d", hours) + ":" + String.format("%@2d", mins) +
":" + String.format("%@2d", secs) + ":" + String.format("%@3d", mss));
// Sets the response to 200 (OK)
exch.sendResponseHeaders (200, @);
String path = exch.getRequestURI().getPath();
if (path.startsWith(deployedat + ".html")) {
// We return it in himl format
os.write(("<html><body><h1>" + token + "</h1><p style=\"word-wrap:break-word;\">Time passed since " |+
(new SimpleDateFormat("dd/MM/yyyy HH:mm:ss")).format(new Timestamp(this.tokens.get(token))) +
": <b>" + timeformatted + "</b></p></body></html>").getBytes());
} else if (path.startsWith(deployedat + ".json")) {
Timestamp t = new Timestamp(this.tokens.get(token));
// We provide the value in a JSON object
String tokenjson = "";
£ 25 b equals(token))
tokenjson = "\",\n\t\"token\": \"" + token;
os.write(("{\n\t\“formatted\": \"" + timeformatted + tokenjson + "\",\n\t\"start\": {\n\t\t\"day\": |" +
t.getbate() + ",\n\t\t\"menth\": " + (t.getMeath()+1) + ",\n\t\t\"year\": " + (t.getYear()+1900) +
",AMMENE\"hour\": " + t.gefHeuss() + ",\n\t\t\"minute\": " + t.getMinutes() +
", An\t\t\"second\": " + t.getSeeends() + "\n\t},\n\t\"duration\": {\n\t\t\"days\": " +
days + ",\n\t\t\"hours\": " + hours + ",\n\t\t\"minutes\": " + mins +
",\n\t\t\"seconds\": " + secs + ",\n\t\t\"milliseconds\": " + mss + "\n\t}\n}").getBytes());

} else {
// Send the time passed
os.write(timeformatted.getBytes());

¥
} else {
// Sets the response to 4@ (Bad Request)
exch.sendResponseHeaders (400, 0);
os.write("40@ - Bad Request, The specified token doesn't exist. PUT a token first or choose a different one.\nList of available tokens:\n".getBytes());
for(String tok : this.tokens.keySet())
os.write((tok + "\n").getBytes());

¥
} else if ("PUT".equals(exch.getRequestMethod())) {
if ("".equals(token) || token == null) {
// Sets the response to 400 (Bad Request)
exch.sendResponseHeaders (400, @);
os.write("40@ - Bad Request, PUT method only works with providing a token.".getBytes());
} else {
// Sets the response to 200 (OK)
exch.sendResponseHeaders (200, -1);
this.tokens.put(token, System.currentTimerillis());

¥
} else if ("DELETE".equals(exch.getRequestMethod())) {
if ("".equals(token) || token == null) {
// Sets the response to 40@ (Bad Request)
exch.sendResponseHeaders (400, @);
os.write("40@ - Bad Request, DELETE method only works with providing a token.".getBytes());
} else {
// Sets the response to 200 (0K)
exch.sendResponseHeaders (2008, -1);
this.tokens.remove(token);

¥
} else {

1/ Cats +ha racmanca +a AOE (Mathad Mad ATTAwad)




Web Service — By Example (4)

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

At different
places the
timestamps are
read, added or
removed from
storage

g5
96
97
98
aa

OutputStream os = exch.getResponseBody();
if ("GET".equals(exch.getRequestMethod())
if (this.tokens.containsKey(token)) {
long timediff = System.currentTimeMillis() - this.tokens g
int mss = (int)timediff¥1000;
int secs = (int)(timediff/1000)%60;
int mins = (int)(timediff/60000)%60;
int hours = (int)(timediff/3600000)%24;
int days = (int)(timediff/86400000);
String timeformatted = (days + ":" + String fbrmat("%OZd hours) + ":" + String.format("%@2d", mi
":" + String.format("%@2d", secs) + ":" + String fomat( XOBd", mss));
// Sets the response to 208 (OK)
exch.sendResponseHeaders (200, @);

String path = exch.getRequestURI().getPath();
if (path. startsuxth(deployedat + ".html")) {
// We return it in html format

The “GET” Method
calculates the time

} el

Environment

Service Environment

Context / Data

Different
Service

n}").getBytes(

XTI

os.write(" 400 -
for(String tok :
os.write((tok + "\n").getBytes());

}
} else if ("PUT".equals(exch.getReq hod Q)L
if ("".equals(token) || token == null) {
// Sets the response to 480 (Bad Request)
exch.sendResponseHeaders (400, @);

os.write("400 -

} else {

S0, U)3

me passed since "
kens.get(token))) +

passed since the
stored timestamp

Bad Request, The specified token doesn't exist. PUT a token first or choose a different one.\nList of available tokens:\n".getBytes());

this.tokens.keySet())

Bad Request, PUT method only works with providing a token."

// Sets the response to 208 (O0K)
exch.sendResponseHeaders (200, -1);
this.tokens.put(token, System.currentTimeMillis());

}
} else if ("DELETE".equals(exch.getRequestMetho
if ("".equals(token) || token == null) {
// Sets the response to 40@ (Bad Request)
exch.sendResponseHeaders (400, 0);

os.write("400 -

} else {

Bad Request, DELETE method only works with providing a token."

// Sets the response to 200 (0K)
exch.sendResponseHeaders (200, -1);
this.tokens.remove(token);

3
} else {

17 Care +ha

+n ABE [Mathad Mat ATTawmad)

.getBytes());

.getBytes
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The “PUT” Method adds
a new timestamp

The “DELETE” Method
removes an existing

timestamp
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Web Service — By Example (4)

Output for Human

Output for Machine

Default Output

(=6 [t

€ o

| Time passed since 19/09/2017 15:10:37: 0:00:24:11:848

=

localhost:8001/stopwatch.html % | 4

8 » | =

localhost:8001/stopw (6~

€)@

{

localhost:8001/stopwatch.json % | 4

localhost:8001/stopw c

"formatted": "O:
"start": {
"day”": 19,
"month": 9,
"year™: 2017,
"hour": 15,
"minute”: 10,
"second": 37
T,
"duration": {
"days": O,
"hours": O,
"minutes": 24,
"seconds": 32,

"milliseconds": 251

localhost:8001/stopwatch x U
€0

0:00:23:24:475

localhost:8001/stopwatch (&

HTML

JSON
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Web Service — By Example (4)

V:: HttpRequester EJEIQ
RequesT ResPoONSE
URL http://localhost:8001/stopwatch/mywatch & PUT on http://localhost:8001/stopwatch/mywatch
[PuT v) ([ swmit ] | [_eET ] [_PosT ] [PUT_] Status: 2000K © Browser © Text [ Pre
[New request] lPaste Request] ‘ [Authentication...]
|

Content to Send [ Headers l Parameters]

Content Type: épplication/json -

Content Options: [ Base64 ] [Parameter Body

@ Content © File Browse < 1 | »
) HEADERS
Content-length 0
Date Tue, 19 Sep 2017 13:36:1

X-NoScript-ReqData  {

HistorY
Request Response  Date Size Time ® Clear history

PUT http://localhost:8001/stopwatch/mywatch 200 OK Sep 192017 -3:36:13PM 0B 64 ms

Copy to clipboard

Delete request

Edit raw request...

Save request...

Load request...
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Web Service — By

Output for Human

Example (4)

Output for Machine

Default Output

(=6 [t

[E=E—

localhost:8001/stopwatch.html/i % | 4

€ o

localhost:8001/stopv (6~

| /mywatch

Time passed since 19/09/2017 15:36:13: 0:00:01:17:464

= |6 )| [

localhost:8001/stopwatch.json/i % |
€0

{

8 »|=

localhost:8001/stopw c

"formatted": "0:00:00:52:469",

"token": "/mywatch",

"start": {
"day": 19,
"month": 9,
myear™: 2017,
"hour”: 15,
"minute”: 36,
"second": 13

Y,

"duration": {

"days": O,
"hours™: 0O,
"minutes": O,
"seconds": 52,

"milliseconds": 469

localhost:8001/stopwatch/myw= x|+
€0

0:00:01:47:443

localhost:8001/stop G

HTML

JSON
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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.qg..

— 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 hitps://tools.ietf.org/himl/rfc3986 , which is pretty much an HTML
document available in the web or hitp://info.cern.ch/hypertext/\WW\W/TheProject.html
which is “first website” ( hitp://info.cern.ch/)

— They might have had some Ul 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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https://tools.ietf.org/html/rfc3986
http://info.cern.ch/hypertext/WWW/TheProject.html
http://info.cern.ch/

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, CGl, 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 ... | can't really tell if hitp://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.

* S0 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 boun.darY, 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

E @ @ P "= s s E s moEomoaem
OMIiLAB @ ®_° E Userinterface  User Interface : :
Europe Userlr;tedace User Interfa R;DOTSHOW E’@_Oﬁ ﬁ : Add/remove as :
@‘ / (@ - ‘ss0 CAS  Accounts (PWM) : needed :
gt : ? ? P s s s s EEn

: Used for

OMILAB account
across several
OMILAB:s (i.e.

PSMs)

OMILAB Generic OMILAB i iLAB i {LAB Generic
Interface Interface

lllllIllllllllllllll lllll llllgll!lll

& a
- -
L ] L ]
. s
L ] L ]
| ] | |
a TextService -
L n

FormBuilder
EEENEEEEE NN EEEEEEEEEEEEES

——&

No Box: Needed
to run a OMiLAB

OMiILAB Logging : )
Interface LoggingService TEEN] loJ)le'l]Ll EEEEEEEEEEEEE
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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

& 35" #

~
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Petri Net Model

‘ This Petri Net works for the coffee
' setup of the dobot robot arm in OMILAB.
L
Initial state
Update token Cdipe

before strating! Decaffeinato
' > D \ X E Ml|k
Coffee i 8“93f /
Lungo 'k 3 \)

Someone Coffee to _/ Pad in Sugar in Soy Milk Milk in Brew Coffee

wants coffee make place » /" place place coffee done

T Coffee \ ;‘
ESPFGSSU No Sugar

— 1

‘:\") No milk

Contraption Coffee
ready Ristretto
T -(
Reset
contraption
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Overview

Bee-Up / ADOxx
\I':éf.: =t the dobot robot amn in OMILAS,
Up"a‘ s token Decaﬁe mato \
beroresmm 1 1/_)@ /_> —\
F *Jo @—l-@--
1, \:m/ ol
Tdy Rist m_ _ E REST
. Interface
Petri Net
Execution
(! | | (AdoScript)
l‘ \ ' a8 Network
4
O CE TCP/IP (Internet)
HTTP
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Detalls

* The transitions contain a special ,Effect” code which is executed when
they fire.

Effect: 0
|Fire 3 SETG str_securitytoken:("Vdb63s7GaaX+Qg==") # Security token -
# We use SETLs instead of := to set several things at once
Someone SETG str_roboturl:("http://austria.omilab.org/omirob/dobotl /rest/")
wants coffee SETG map_headers:({"Content-Type": "application/json"}) -
e Effect: L&

. . HTTP_SEND_REQUEST (str_roboturl + "positionXYZ") str_method:("PUT") map_reqheaders:(map_headers) str_reqbody:(STR map_espposone) »

val_respcode:val_httpcode map_respheaders:map_respheaders str_respbody:str_respbody

Coffee HTTP_SEND_REQUEST (str_roboturl + "positionXYZ") str_method:("PUT") map_reqheaders:(map_headers) str_reqbody:(STR map_esppostwo)

Espresso val_respcodeval_httpcode map_respheaders:map_respheaders str_respbody:str_respbody

* This coae 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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Detalls

* 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.9. 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

* |s the line between where one service ends and the next one starts
blurring?

— For example the OMILAB Robot arms — they have different URLSs 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?

— |s there actually a “Fuzzy Set” for “what a service is™?

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



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.

Are this both beaches together?
Is this the same beach?
Is this one beach?
This is a Beach This is also a Beach Who draws the lines?

Smnind

il

’.‘: .\ . ; }’ )
}j'mnut

.:‘: \ — . ’, f
}jmzu.l
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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

N\
Client N\
Baker
AN
Patrik
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Baker

-

&

Behind every
product there is
a/are several
service/s?

~

)

@,
®

»

Patrik

Client
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Web Service — Weather — Online

Port 80
(HTTP)
O
OO —— h
Weather
' * Service
~ Vienna
N
ks Server
Client
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The Answer Web Service

the answer to
life, the

universe and

everything

Port 80
(HTTP)

a2

Anwser
Service

Patrik

Server
Client
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Web Service — Fibonacci Number

Port 80
(HTTP)

3¢

Fibonacci
Service
Patrik
Server
Client
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Web Service — Fibonacci Number

1 package services;
2

3@® import java.io.IOException;[]
9

16 public class FibonacciNumberService implements HttpHandler {
11

@0verride

public void handle(HttpExchange exch) throws IOException {
// Lets us write the response
OutputStream os = exch.getResponseBody();

if ("GET".equals(exch.getRequestMethod())) {

parameters, note that we force to start ard
" + exch.getRequestURI().getQuery() + "&";

Here the input that has been
)57 e et 3o issing passed with the request is

nseHeaders (400, @);

- Bad Request, parameter n is missing.".getB 3 dete r'm i ned : I n Ca Se Of a bad
ger.parseInt(query.substring(startpos+3, .e 1ndex0f("& req u est’ t h e res po n Se iS Se nt

{ // If they are asking for a negative ci number ... whic

response to 46@ (Bad Request) .
1, not " + number).getByt] rlght away'

nseHeaders (400, @);
- Bad Request, the first Fibonacci number ifs

Eibonacci number
and fib2 should be interpreted as "n" and "n-1"

new Sigineger("1"), Fibd - ne Biglnteper(11), 112 — oes Siglatagecioi Here the value is
d(fib2);

calculated based on
the input.

nse to 200 (OK)
Headers (200, @);
h.getRequestURI().getPath();
(".html")) {

it in himl format
tml><body><p>Fibonacci <b>#" + number + "</b>|is <b style=\"word-wrap:break-word;\">" + fik.toString() + "</b></p></body></html>").getBytes());

+ "\n}").getBytes());

os.write(fib.toString().getBytes());

Here the output
A of the response is
: é;(:;:ge?r)-?ctice to close the stream once it is no longer needed. Writte n .

}

} else {
// Sets the response to 485 (Method Not Allowed)
exch.sendResponseHeaders (4085, @);
os.write("485 - Method Not Allowed, please only use the GET method."
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