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Web Services and RESTWeb Services and RESTWeb Services and RESTWeb Services and REST

�� IntroduzioneIntroduzione e e contestocontesto
WS aimsWS aims�� WS aimsWS aims

�� ArchitettureArchitetture e e ProtocolliProtocolli
�� GliGli standard standard deidei WSWS
�� SOAP CallSOAP Call

C t iC t i li i ili i i SOAPSOAP b db d�� CostruzioneCostruzione applicazioniapplicazioni SOAPSOAP--based based 
�� ArchitettureArchitetture basatebasate susu WSWS�� ArchitettureArchitetture basatebasate susu WSWS
�� ArchitetturaArchitettura RESTREST

Sistemi Distribuiti, Univ. Firenze, Paolo Nesi 2010-2011 2



WEB EvolutionWEB EvolutionWEB EvolutionWEB Evolution
�� From simple to frame, etc.. , GUI reengineeringFrom simple to frame, etc.. , GUI reengineering

From simple to interactive models active pages etcFrom simple to interactive models active pages etc�� From simple to interactive models,.. active pages, etc.From simple to interactive models,.. active pages, etc.
�� From two tier to nFrom two tier to n--tier architecture tier architecture 

From single to multilingualFrom single to multilingual�� From single to multilingualFrom single to multilingual
�� From simple to multimodal for impaired peopleFrom simple to multimodal for impaired people
�� From HTML toFrom HTML to multiformatmultiformat: HTML WAP etc: HTML WAP etc�� From HTML to From HTML to multiformatmultiformat: HTML, WAP, etc.: HTML, WAP, etc.
�� From single server to cluster, performance problemsFrom single server to cluster, performance problems
�� From poor to certified User InterfaceFrom poor to certified User Interface�� From poor to certified User InterfaceFrom poor to certified User Interface

�� Personalization enforcing new technologiesPersonalization enforcing new technologies�� Personalization, enforcing new technologiesPersonalization, enforcing new technologies
�� Hyperlink analysis, restructuring the web site, increasing Hyperlink analysis, restructuring the web site, increasing 

the WEB efficiency on the basis of the goalsthe WEB efficiency on the basis of the goals
�� WEB hosting, delegating maintenance, increasing bandWEB hosting, delegating maintenance, increasing band
�� QoSQoS, quality of service, quality of service
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WEB Classification 1/2WEB Classification 1/2WEB Classification 1/2WEB Classification 1/2
�� static: (simple public pages)static: (simple public pages)

 HTML without or with framesHTML without or with frames
�� interactive: (pages and fill in forms)interactive: (pages and fill in forms)

 Forms, CGI, (slow and not flexible, sent  the status)Forms, CGI, (slow and not flexible, sent  the status)
 Old staff and specific solutions such as Old staff and specific solutions such as NestScapeNestScape--API, API, 

Microsoft ISAPI etcMicrosoft ISAPI etcMicrosoft ISAPI, etc…Microsoft ISAPI, etc…
 Java Script, Visual Basic, Java Script, Visual Basic, 
 ASP CORBAASP CORBA PluginPlugin ServletsServlets ASP, CORBA ASP, CORBA PluginPlugin, , ServletsServlets
 client server communication managed by the serverclient server communication managed by the server

each action is managed by the HTML on the client andeach action is managed by the HTML on the client andeach action is managed by the HTML on the client and each action is managed by the HTML on the client and 
leads to call the server to exchange messages and leads to call the server to exchange messages and 
commands among the object running on the client commands among the object running on the client 

�� Dynamic: ……...Dynamic: ……...
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WEB Classification 2/2WEB Classification 2/2WEB Classification 2/2WEB Classification 2/2
�� dynamic: pages created on the fly, from the database dynamic: pages created on the fly, from the database 

(active server)(active server)(active server)(active server)
 changing on the basis of the login and user’s actions, changing on the basis of the login and user’s actions, 

personalization logic enginespersonalization logic enginespersonalization logic enginespersonalization logic engines
�� dynamic technologies: dynamic technologies: 

 CGI Common Gateway InterfaceCGI Common Gateway Interface CGI, Common Gateway InterfaceCGI, Common Gateway Interface
 ASP, ASP.netASP, ASP.net
 JavaScript, JavaJavaScript, Java ServletsServlets, Java Server Page, Java Server Page JavaScript, Java JavaScript, Java ServletsServlets, Java Server Page, Java Server Page
 PHP, and other solutions, etc. PHP, and other solutions, etc. 
 XML for data and communication, SOAP for communication XML for data and communication, SOAP for communication ,,
 connection with ODBC, JDBC……(SQL)connection with ODBC, JDBC……(SQL)
 CORBA, JAVACORBA, JAVA--RMI, Enterprise JavaBeans (RMI, Enterprise JavaBeans (CorbaCorba), DCOM ), DCOM p (p ( ))

((distribdistrib COM), COM), .net.net
 on server: on server: perlperl, python, java and C, python, java and C
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ArchitettureArchitetture WS SOAWS SOAArchitettureArchitetture WS, SOAWS, SOA
�� SOA: Service Oriented ArchitectureSOA: Service Oriented Architecture

 SoluzioniSoluzioni distribuitedistribuite cheche mettonomettono aa disposizionedisposizione serviziservizi attraversoattraverso WebWeb SoluzioniSoluzioni distribuitedistribuite cheche mettonomettono a a disposizionedisposizione serviziservizi attraversoattraverso Web Web 
Application Application cheche espongonoespongono varivari WSWS

�� SpecificitaSpecificita’’
 WS WS possonopossono chiamarechiamare altrialtri WSWS
 Si Si vengonovengono a a crearecreare dipendenzedipendenze evidentievidenti e e nascostenascoste frafra WSWS

A li i iA li i i PHP C JPHP C J hihi WSWS ApplicazioniApplicazioni PHP, C++, Java PHP, C++, Java possonopossono chiamarechiamare WSWS
 Si Si possonopossono aprireaprire connessioniconnessioni direttedirette e e passarcipassarci dentrodentro SOAPSOAP

�� I WSI WS possonopossono essereessere implementazioniimplementazioni didi procedure conprocedure con statostato oo senzasenza�� I WS I WS possonopossono essereessere implementazioniimplementazioni didi procedure con procedure con statostato o o senzasenza
statostato
 Lo Lo statostato devedeve essereessere tipicamentetipicamente memorizzatomemorizzato all’internoall’interno didi unauna database, database, 

file o file o cheche altroaltro didi persistentepersistente
 E’ E’ megliomeglio non non avereavere statostato sulsul protocolloprotocollo ma ma didi fattofatto alcunialcuni WS lo WS lo hannohanno. Lo . Lo 

statostato didi protocolloprotocollo significasignifica avereavere svariatesvariate richiesterichieste collegatecollegate frafra loroloro chechestatostato didi protocolloprotocollo significasignifica avereavere svariatesvariate richiesterichieste collegatecollegate frafra loroloro cheche
implicanoimplicano unauna seguenzaseguenza didi statistati non non esplicitiespliciti nellanella chiamatachiamata

 Si Si auspicanoauspicano transazionitransazioni atomicheatomiche
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ParadigmaParadigma SOASOAParadigmaParadigma SOASOA
�� ParadigmaParadigma emergenteemergente per lo per lo svilupposviluppo e e l’integrazionel’integrazionegg gg pp pppp gg

didi applicazioniapplicazioni distribuitedistribuite
 L’obiettivoL’obiettivo èè quelloquello didi supportaresupportare l’interoperabilitàl’interoperabilità tratra L obiettivoL obiettivo è è quelloquello didi supportaresupportare l interoperabilitàl interoperabilità tratra

componenticomponenti in in esecuzioneesecuzione susu piattaformepiattaforme diversediverse
ParadigmaParadigma orientatoorientato aiai serviziservizi�� ParadigmaParadigma orientatoorientato aiai serviziservizi
 L’enfasiL’enfasi è è postaposta sull’interoperabilitàsull’interoperabilità tratra componenticomponenti

eterogeneieterogenei s llas lla basebase didi protocolliprotocolli ee tecnologietecnologieeterogeneieterogenei sullasulla base base didi protocolliprotocolli e e tecnologietecnologie
standardstandard
Fl ibilitàFl ibilità d ll’ i id ll’ i i d id i ii titi FlessibilitàFlessibilità dell’organizzazionedell’organizzazione deidei suoisuoi componenticomponenti
Le Le funzionalitàfunzionalità vengonovengono esposteesposte agliagli utentiutenti come come 

serviziservizi riusabiliriusabili e e condivisicondivisi in in reterete
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Aims of Web ServicesAims of Web ServicesAims of Web ServicesAims of Web Services
�� RealizzareRealizzare RPC per RPC per interfacceinterfacce standardstandard

SupportareSupportare l’interoperabilitàl’interoperabilità tratra diversidiversi operatorioperatori
residentiresidenti sullasulla reterete

�� PermetterePermettere l’utilizzol’utilizzo didi serviziservizi remotiremoti
AttraversoAttraverso unauna interfacciainterfaccia softwaresoftware formalmenteformalmenteAttraversoAttraverso unauna interfacciainterfaccia software software formalmenteformalmente

descrittadescritta
 ee processabileprocessabile dada agentiagenti automaticiautomatici… e … e processabileprocessabile dada agentiagenti automaticiautomatici

�� ComunicazioneComunicazione attraversoattraverso la la reterete internetinternet
�� SostituzioneSostituzione delledelle tecnologietecnologie CORBA e RMI per CORBA e RMI per 

l’invocazionel’invocazione didi procedure remoteprocedure remote
�� MessaggiMessaggi XML XML susu HTTP HTTP  SOAPSOAP
�� ParadigmaParadigma orientatoorientato aiai serviziservizi: : SOASOA

Sistemi Distribuiti, Univ. Firenze, Paolo Nesi 2010-2011 8

gg



Web Service ArchitectureWeb Service ArchitectureWeb Service ArchitectureWeb Service Architecture
�� ArchitetturaArchitettura deidei web serviceweb service

Service ProviderService Provider
S i R i t /B kS i R i t /B kService Registry/BrokerService Registry/Broker

Service Consumer/UserService Consumer/UserSe ce Co su e /UseSe ce Co su e /Use

OO�� OperazioniOperazioni principaliprincipali deidei web serviceweb service
PublishingPublishing –– rendererendere unun servizioservizio disponibiledisponibilePublishing Publishing rendererendere un un servizioservizio disponibiledisponibile
Finding/Discovering Finding/Discovering –– localizzarelocalizzare un un servizioservizio
Binding Binding –– utilizzareutilizzare un un servizioservizio
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GliGli standardstandard allaalla basebase deidei WSWSGliGli standard standard allaalla base base deidei WSWS
�� UDDI:UDDI: Universal Description Discovery and integration, Universal Description Discovery and integration, piattaformapiattaforma per per 

lala descrizionedescrizione didi serviziservizi,, descrizionedescrizione didi business ebusiness e integrazioneintegrazione didila la descrizionedescrizione didi serviziservizi, , descrizionedescrizione didi business e business e integrazioneintegrazione didi
serviziservizi. . PropostoProposto dada IBM e Microsoft, IBM e Microsoft, www.uddi.orgwww.uddi.org

�� WSDL:WSDL: Web Service Description Language, Web Service Description Language, sviluppatosviluppato dada IBM, IBM, 
definiscedefinisce un XML schema per un XML schema per descriveredescrivere metodimetodi e e parametriparametri didi un un 
servizioservizio WEBWEB

�� SOAP SOAP (1999), Simple Object Access Protocol, proposed by W3C (world (1999), Simple Object Access Protocol, proposed by W3C (world 
Wid W b C ti ) SOAPWid W b C ti ) SOAP tilitili XMLXML ll t llt ll HTTPHTTPWide Web Consortium). SOAP Wide Web Consortium). SOAP utilizzautilizza XML XML sulsul protocolloprotocollo HTTP per HTTP per 
inviareinviare richiesterichieste e e riceverericevere delledelle risposterisposte. . 
 NatoNato dada Microsoft eMicrosoft e UserlandUserland come RPCcome RPC NatoNato dada Microsoft e Microsoft e UserlandUserland come RPCcome RPC
 E’ un E’ un protocolloprotocollo RPC RPC standardizzatostandardizzato dada W3CW3C
 E’ unE’ un protocolloprotocollo XML based,XML based, basatobasato susu HTTPHTTP E  un E  un protocolloprotocollo XML based, XML based, basatobasato susu HTTPHTTP
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Web Services ProtocolsWeb Services ProtocolsWeb Services ProtocolsWeb Services Protocols
Find a ServiceFind a Service

htt // ddi
UDDIUDDI

http://www.uddi.org

Link to discovery documentLink to discovery document

DiscoveryDiscovery
http://yourservice.com

H d t lk? (WSDL)H d t lk? (WSDL)

WebWeb
Service Service HTML with link to WSDLHTML with link to WSDL

p y

How do we talk? (WSDL)How do we talk? (WSDL)
Web Web 

S iS i

ConsumerConsumer
http://yourservice.com/?WSDL

Let me talk to you (SOAP)Let me talk to you (SOAP)
ServiceServicereturn service descriptions (XML)return service descriptions (XML)

y ( )y ( )

return service response (XML)return service response (XML)

http://yourservice.com/svc1
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Accessibility of WSAccessibility of WSAccessibility of WSAccessibility of WS
�� To make it discoverableTo make it discoverable

Publishing a service in a registry (UDDI)Publishing a service in a registry (UDDI)
Publishing the service description of its interfacePublishing the service description of its interfacePublishing the service description of its interface Publishing the service description of its interface 

(methods & arguments) in some manner(methods & arguments) in some manner

�� To make it accessible by using a WSDL To make it accessible by using a WSDL y gy g
formalization of the Web Service.formalization of the Web Service.
 IDL descriptionIDL description IDL descriptionIDL description
Platform independent formal description Platform independent formal description 
Extensible languageExtensible language
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Rendere un servizio accessibileRendere un servizio accessibileRendere un servizio accessibileRendere un servizio accessibile
�� UnaUna voltavolta cheche unauna descrizionedescrizione del del servizioservizio e’ e’ statastata pubblicatapubblicata, , 

cici devedeve essereessere un Web Server un Web Server cheche mettametta a a disposizionedisposizione tale tale 
servizioservizio

�� Il WEB server Il WEB server puopuo’ ’ metteremettere a a disposizionedisposizione ilil servizioservizio attraversoattraverso
unauna applicazioneapplicazione custom, per custom, per esempioesempio unauna ServletServlet, WAR (, WAR (jspjsp
based) deployedbased) deployed susu un Web Application Server come Tomcatun Web Application Server come Tomcatbased) deployed based) deployed susu un Web Application Server come Tomcat. un Web Application Server come Tomcat. 

�� Le Le funzionalitafunzionalita’ ’ deidei WS WS vengonovengono messemesse a a disposizionedisposizione
L W b AL W b A Le Web App Le Web App possonopossono essereessere::
Deployed, started, stopped, etc. Deployed, started, stopped, etc. 

��TOMCATTOMCAT
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SOAP and WSSOAP and WSSOAP and WSSOAP and WS
�� Il Il corpocorpo del del messaggiomessaggio è è definitodefinito tramitetramite WSDLWSDL

 La La grammaticagrammatica del del messaggiomessaggio sisi basabasa susu XML XML didi W3CW3C
�� Il Il contenitorecontenitore del del messaggiomessaggio è SOAPè SOAP

Transport protocol�The body element contains

SOAP ENVELOPE

p p

MIME header
�The body element contains 
the core of the SOAP 
document – this will contain 

SOAP ENVELOPE
SOAP HEADER

either the RPC call or the XML 
message itself

SOAP BODY
FAULT

�The fault information may 
contain any exception SOAP BODYcontain any exception 
information
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SOAP messageSOAP messageSOAP messageSOAP message
<?xml version=‘1.0’ encoding=‘UTF<?xml version=‘1.0’ encoding=‘UTF--8’?>8’?>

<SOAP-ENV:Envelope xmlns:SOAP_ENV=“http://schemas.xmlsoap.org/soap/envelope/”
xmlns:xsi=“http://www.w3c.org/1999/XMLSchema-instance”
xmlns:xsd=“http://www.w3c.org/1999/XMLSchema”>s: sd ttp:// . c.o g/ / c e a

<SOAP-ENV:Header>

</SOAP-ENV:Header>

<SOAP_ENV:Body>

</SOAP-ENV:Body>

</SOAP-ENV:Envelope>
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SOAP as RPC on HTTPSOAP as RPC on HTTPSOAP as RPC on HTTPSOAP as RPC on HTTP
�� SOAP RPC message contains XML that represents a call or SOAP RPC message contains XML that represents a call or 

a responsea response
�� SOAP XML is converted into a call on the server SOAP XML is converted into a call on the server 

 The response is encoded into SOAP XML to be returned to the The response is encoded into SOAP XML to be returned to the 
clientclient

SOAP ll h h fi ll i i i b d HTTPSOAP ll h h fi ll i i i b d HTTP�� SOAP calls pass through firewalls since it is based on HTTP SOAP calls pass through firewalls since it is based on HTTP 
level protocollevel protocol
SOAP t l t diff t bi di f WSDLSOAP t l t diff t bi di f WSDL�� SOAP protocol supports different bindings of WSDLSOAP protocol supports different bindings of WSDL

�� SOAP errors are handled using a specialised envelope SOAP errors are handled using a specialised envelope 
k F lt E lk F lt E lknown as a Fault Envelopeknown as a Fault Envelope
 a SOAP Fault is a element which has to appear as an a SOAP Fault is a element which has to appear as an 

immediate child of the body elementimmediate child of the body elementimmediate child of the body elementimmediate child of the body element
 <<faultcodefaultcode> and <> and <faultstringfaultstring> are required.> are required.
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SOAP FaultSOAP FaultSOAP FaultSOAP Fault
�� Un Un fallimentofallimento SOAP e’ un SOAP e’ un tipotipo specialespeciale didi messaggiomessaggio miratomirato

ad ad informareinformare e e descriveredescrivere un un erroreerrore avvenutoavvenuto in in qualchequalche
fasefase del del processoprocesso

�� Le Le informazioniinformazioni sisi possonopossono divideredividere in 4 in 4 partiparti
�� Fault codeFault code

 Il Il valorevalore del del tipotipo didi erroreerrore
 4 4 tipologietipologie standard standard didi erroreerrore

�� Fault stringFault string
 DescrizioneDescrizione dell’erroredell’errore nelnel linguaggiolinguaggio correntecorrente

�� Fault actorFault actor
 L’identidicatoreL’identidicatore del del nodonodo sulsul qualequale sisi e’ e’ verificatoverificato l’errorel’errore

�� Fault detailsFault details
 DettagliDettagli relativirelativi all’applicazioneall’applicazione cheche ha ha riscontratoriscontrato l’errorel’errore
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WSDL: WSDL: WSDL: WSDL: 
Web Service Description LanguageWeb Service Description Language

�� An extended IDLAn extended IDL
�� Definition of standard interfacesDefinition of standard interfaces�� Definition of standard interfacesDefinition of standard interfaces
�� Permitting advertising and Permitting advertising and 

publication of WSpublication of WSpublication of WSpublication of WS
�� Permitting the definition of SLA, Permitting the definition of SLA, 

Service Level AgreementsService Level AgreementsService Level AgreementsService Level Agreements
�� Publication of formal interface call Publication of formal interface call 

on repositories UDDI registryon repositories UDDI registryon repositories, UDDI registryon repositories, UDDI registry
�� Requests on UDDI registryRequests on UDDI registry
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EsempioEsempio didi WSDL (1/4)WSDL (1/4)EsempioEsempio didi WSDL (1/4)WSDL (1/4)
<?xml version="1.0"?><?xml version="1.0"?>
<definitions name="<definitions name="StockQuoteStockQuote""
targetNamespacetargetNamespace= "http://example com/stockquote wsdl"= "http://example com/stockquote wsdl"targetNamespacetargetNamespace  http://example.com/stockquote.wsdl http://example.com/stockquote.wsdl
xmlns:tnsxmlns:tns="http://example.com/stockquote.wsdl"="http://example.com/stockquote.wsdl"
xmlns:xsd1="http://example.com/stockquote.xsd"xmlns:xsd1="http://example.com/stockquote.xsd"
xmlns:soapxmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/"="http://schemas.xmlsoap.org/wsdl/soap/"
xmlnsxmlns="http://schemas.xmlsoap.org/wsdl/">="http://schemas.xmlsoap.org/wsdl/">p p gp p g

<types><types>
<schema <schema targetNamespacetargetNamespace= http://example.com/stockquote.xsd= http://example.com/stockquote.xsd
xmlnsxmlns="http://www.w3.org/2000/10/XMLSchema">="http://www.w3.org/2000/10/XMLSchema">
<element name="<element name="TradePriceRequestTradePriceRequest">">
<<complexTypecomplexType>>

<all><all>
<element name="<element name="ticketSymbolticketSymbol"  type="string"/>"  type="string"/>

</all></all>
</</complexTypecomplexType>>

</element></element>
<element name="<element name="TradePriceTradePrice">">
<<complexTypecomplexType>>

llll<all><all>
<element name="price" type="float"/><element name="price" type="float"/>

</all></all>
</</complexTypecomplexType>>

</element></element></element></element>
</schema></schema>

</types></types>
…….…….
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EsempioEsempio didi WSDL (2/4)WSDL (2/4)EsempioEsempio didi WSDL (2/4)WSDL (2/4)

[…….][…….]
<message name="<message name="GetLastTradePriceInputGetLastTradePriceInput">">

<part name="body" element= "xsd1:TradePriceRequest"/><part name="body" element= "xsd1:TradePriceRequest"/>
</message></message>
<message name="<message name="GetLastTradePriceOutputGetLastTradePriceOutput">">

<part name="body" element="xsd1:TradePrice"/><part name="body" element="xsd1:TradePrice"/>p yp y
</message></message>
<<portTypeportType name="name="StockQuotePortStockQuotePort">">

<operation name="<operation name="GetLastTradePriceGetLastTradePrice">">pp
<input message="<input message="tns:GetLastTradePriceInputtns:GetLastTradePriceInput"/>"/>
<output message="<output message="tns:GetLastTradePriceOutputtns:GetLastTradePriceOutput"/>"/>

</operation></operation>pp
</</portTypeportType>>

[…..][…..]
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EsempioEsempio didi WSDL (3/4)WSDL (3/4)EsempioEsempio didi WSDL (3/4)WSDL (3/4)
[…….][…….][ ][ ]
<binding name="<binding name="StockQuoteSoapBindingStockQuoteSoapBinding""

type="type="tns:StockQuotePorttns:StockQuotePort">">
<<soap:bindingsoap:binding style="document"style="document"

transport="http://schemas.xmlsoap.org/soap/http"/>transport="http://schemas.xmlsoap.org/soap/http"/>
<operation name="<operation name="GetLastTradePriceGetLastTradePrice">">

<<soap:operationsoap:operation
soapActionsoapAction="http://example.com/GetLastTradePrice"/>="http://example.com/GetLastTradePrice"/>
<input><input>

<<soap:bodysoap:body use="literal"/>use="literal"/>
</input></input></input></input>
<output><output>

<<soap:bodysoap:body use="literal"/>use="literal"/>
</output></output></output></output>

</operation></operation>
</binding></binding>

[…..][…..][ ][ ]
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EsempioEsempio didi WSDL (4/4)WSDL (4/4)EsempioEsempio didi WSDL (4/4)WSDL (4/4)
[ ][ ][…….][…….]
<service name="<service name="StockQuoteServiceStockQuoteService">">

<documentation>Il <documentation>Il miomio primo primo servizioservizio web</documentation>web</documentation>
<port name="<port name="StockQuotePortStockQuotePort" " pp

binding="binding="tns:StockQuoteBindingtns:StockQuoteBinding">">
<<soap:addresssoap:address location="http://example.com/stockquote"/>location="http://example.com/stockquote"/>

</port></port>
</service></service>

</definitions></definitions>
[…..][…..]
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Client SOAPClient SOAP –– JAXJAX--WS (1/2)WS (1/2)Client SOAP Client SOAP JAXJAX--WS (1/2)WS (1/2)
public public classclass MyFirstClientMyFirstClient {{

@W bS i R f@W bS i R f(( dlL tidlL ti "htt //l lh t 8080/"htt //l lh t 8080/@WebServiceRef@WebServiceRef((wsdlLocation=wsdlLocation="http://localhost:8080/ "http://localhost:8080/ 
StockQuoteServiceStockQuoteService/stock?/stock?wsdlwsdl")")

staticstatic StockQuoteServiceStockQuoteService service;service;staticstatic StockQuoteServiceStockQuoteService service;service;

public public staticstatic voidvoid mainmain((StringString[] [] argsargs) {) {
trytry {{trytry {{

MyFirstClientMyFirstClient client = client = newnew MyFirstClientMyFirstClient();();
client.doTestclient.doTest((argsargs););

} catch(} catch(ExceptionException e) {e) {} catch(} catch(ExceptionException e) {e) {
e.printStackTracee.printStackTrace();();

}}
}}}}

public public voidvoid doTestdoTest((StringString[] [] argsargs) {) {
[ ][ ][....][....]

}}
}}
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Client SOAPClient SOAP –– JAXJAX--WS (2/WS (2/22))Client SOAP Client SOAP JAXJAX--WS (2/WS (2/22))
public public voidvoid doTestdoTest((StringString[] [] argsargs) {) {

trytry {{trytry {{
System.out.printlnSystem.out.println("("RetrievingRetrieving the the portport fromfrom

the the followingfollowing service: " + service: " + serviceservice););
StockQ otePortStockQ otePort portport ser ice getPortser ice getPort("("StockQ otePortStockQ otePort")")StockQuotePortStockQuotePort portport = = service.getPortservice.getPort("("StockQuotePortStockQuotePort");");
System.out.printlnSystem.out.println("("InvokingInvoking the the operationoperation on the on the portport");");

St iSt i ti k S b lti k S b l """"StringString tickerSymboltickerSymbol = "";= "";
ifif ((args.lengthargs.length > 0) {> 0) {

tickerSymboltickerSymbol = = argsargs[0];[0];
} l {} l {} else {} else {

tickerSymboltickerSymbol = "No = "No SymbolSymbol";";
}}

FloatFloat responseresponse = = port.GetLastTradePriceport.GetLastTradePrice((tickerSymboltickerSymbol););
System.out.printlnSystem.out.println((responseresponse););

} t h(} t h(E tiE ti ) {) {} catch(} catch(ExceptionException e) {e) {
e.printStackTracee.printStackTrace();();

}}
}}
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ArchitettureArchitetture basatebasate susu WSWSArchitettureArchitetture basatebasate susu WSWS

�� CrawlingCrawling//ingestioningestion dei dati di interesse attraverso servizi web dislocati dei dati di interesse attraverso servizi web dislocati 
sulla retesulla rete

�� I servizi mettono a disposizione una interfaccia standard e permettonoI servizi mettono a disposizione una interfaccia standard e permettono�� I servizi mettono a disposizione una interfaccia standard e permettono I servizi mettono a disposizione una interfaccia standard e permettono 
di reperire i dati di interessedi reperire i dati di interesse
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Generic SOAP Client (1/3)Generic SOAP Client (1/3)Generic SOAP Client (1/3)Generic SOAP Client (1/3)
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Generic SOAP Client (2/3)Generic SOAP Client (2/3)Generic SOAP Client (2/3)Generic SOAP Client (2/3)
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Generic SOAP Client (3/3)Generic SOAP Client (3/3)Generic SOAP Client (3/3)Generic SOAP Client (3/3)
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Generic SOAP ClientGeneric SOAP ClientGeneric SOAP ClientGeneric SOAP Client
�� Client Soap Client Soap genericogenerico cheche permettepermette didi accedereaccedere ad un ad un 

web service web service utilizzandoutilizzando un browserun browser
�� AbbiamoAbbiamo bisognobisogno delladella descrizionedescrizione del del servizioservizio sotto sotto 

forma forma didi file WSDLfile WSDL
�� A A seguitoseguito del processing del file WSDL del processing del file WSDL ilil servizioservizio

id ifiid ifi ll i ii i di i idi i i d ld l bbidentificaidentifica le le operazionioperazioni messemesse a a disposizionedisposizione daldal web web 
service service 
L’ t tL’ t t h lh l ibilitibilit ’’ didi dd ii i ii i ff tiff ti�� L’utenteL’utente ha la ha la possibilitapossibilita’ ’ didi accedereaccedere aiai serviziservizi offertiofferti
 QuelloQuello cheche serve e’ serve e’ solamentesolamente la la descrizionedescrizione del del servizioservizio

webwebwebweb
 … e … e alcunialcuni dettaglidettagli delledelle operazionioperazioni

ValoriValori deidei parametriparametri valorivalori didi ritornoritorno parametriparametriValoriValori deidei parametriparametri, , valorivalori didi ritornoritorno, , parametriparametri
obbligatoriobbligatori,…,…

�� UtilissimoUtilissimo per testing web service, per testing web service, didi file WSDL, ….file WSDL, ….
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EsempiEsempi didi WSWSEsempiEsempi didi WSWS
�� TipicamenteTipicamente senzasenza statostato::

 DammiDammi ilil tempo a Firenze tempo a Firenze DomaniDomani
 DammiDammi I I valorivalori delladella borsaborsa Milano Milano riguardoriguardo a XX, YYa XX, YY
 DammiDammi l’’IPl’’IP fisicofisico e e ilil GPS GPS didi http://WWW.pippo.ithttp://WWW.pippo.it
 PuoiPuoi consegnarmiconsegnarmi questoquesto tipotipo didi lavorolavoro <<descrizionedescrizione> > entroentro XXXX
 DammiDammi ilil miomio profiloprofilo sonosono XX con password ZZZXX con password ZZZ

�� TipicamenteTipicamente con stato persistente ma non di protocollo:con stato persistente ma non di protocollo:
 Ho Ho vistovisto questoquesto filmfilm
 EccoEcco ilil miomio profiloprofilo
 Mi Mi autorizziautorizzi a a usareusare questoquesto contenutocontenuto ??
 SonoSono passatopassato dada questoquesto puntopunto
 Ho Ho rilevatorilevato questaquesta temperaturatemperatura allealle coordinate GPS X,Ycoordinate GPS X,Y

A ttA tt ll tt ff tff t id tifi tiid tifi ti YY EYY E
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Esempi di WS non correttiEsempi di WS non correttiEsempi di WS non correttiEsempi di WS non corretti
�� SonoSono tipicamentetipicamente sequenzesequenze, per , per esempioesempio::

 Call1: Call1: SonoSono Paolo Paolo NesiNesi
 Call2: Call2: DammiDammi lo lo statostato del del miomio contoconto
 Call3: Call3: faifai questaquesta operazioneoperazione

�� ProtocolliProtocolli complessicomplessi portanoportano a a problemiproblemi didi sicurezzasicurezza
 E’ E’ possibilepossibile proteggereproteggere la la comunicazionecomunicazione tramitetramite soluzionisoluzioni

come SSL, HTTPS, etc. come SSL, HTTPS, etc. 
 Lo Lo statostato implicitoimplicito sulsul protocolloprotocollo (come (come nell’esempionell’esempio soprasopra) ) puopuo’ ’ 

portareportare aa doverdover teneretenere contoconto didi tempitempi didi attesaattesa perper manteneremantenereportareportare a a doverdover teneretenere contoconto didi tempi tempi didi attesaattesa per per manteneremantenere
lo lo statostato, etc. , etc. 
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RESTRESTRESTREST
�� Representational State Transfer (REST)Representational State Transfer (REST)p ( )p ( )

 an approach for getting information content from a Web site by an approach for getting information content from a Web site by 
reading a designated (ok, you need a URI) Web page that reading a designated (ok, you need a URI) Web page that 
contains an XML file that describes and includes the desired contains an XML file that describes and includes the desired 
content.content.

 To use HTTP (To use HTTP (get putget put ) to a URI with XML as the payload) to a URI with XML as the payload To use HTTP (To use HTTP (get,putget,put,…) to a URI, with XML as the payload …,…) to a URI, with XML as the payload …

REST i hit t t t d t t lREST i hit t t t d t t l�� REST is an architecture strategy and not a protocolREST is an architecture strategy and not a protocol
�� REST+XML is appropriate for all of the applications that REST+XML is appropriate for all of the applications that 

SOAP/WSDL are designed/used for.SOAP/WSDL are designed/used for.
�� Suitable for exploiting/encapsulating legacySuitable for exploiting/encapsulating legacy
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REST designREST designREST designREST design
�� Components in a REST system obey the Components in a REST system obey the p y yp y y

following constraints:following constraints:
Servers are stateless and messages can beServers are stateless and messages can beServers are stateless and messages can be Servers are stateless and messages can be 

interpreted without examining history.interpreted without examining history.
 resources are identified through URIsresources are identified through URIs resources are identified through URIsresources are identified through URIs
 resources manipulated through representationsresources manipulated through representations
 Uniform Interface for all resources:Uniform Interface for all resources: Uniform Interface for all resources:Uniform Interface for all resources:

 GET (Query the state, idempotent, can be cached)GET (Query the state, idempotent, can be cached)
 POST (Modify, transfer the state)POST (Modify, transfer the state) POST (Modify, transfer the state)POST (Modify, transfer the state)
 PUT (Create a resource)PUT (Create a resource)
 DELETE (Delete a resource)DELETE (Delete a resource)( )( )

 selfself--descriptive messagesdescriptive messages
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REST designREST designREST designREST design
�� REST emphasizes the role of intermediaries: REST emphasizes the role of intermediaries: pp

caches, proxies, gateways, etc.caches, proxies, gateways, etc.
The solution has to work in all these conditions.The solution has to work in all these conditions.The solution has to work in all these conditions.The solution has to work in all these conditions.

Main correspondencesMain correspondences�� Main correspondences Main correspondences 

SQL RESTSQL REST
CREATE Insert PUT
READ Select GET
UPDATE Update POST
DELETE Delete/Drop DELETE
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GoogleGoogle TranslateTranslateGoogle Google TranslateTranslate
�� Servizio web di traduzione automatica di GoogleServizio web di traduzione automatica di Google
�� Utilizza un approccio statistico per tradurre intere frasi o Utilizza un approccio statistico per tradurre intere frasi o 

documenti in lingue diversedocumenti in lingue diverse
 Mette a disposizione 25 tipologie di lingue diverseMette a disposizione 25 tipologie di lingue diverse

�� RichiestaRichiesta HTTP:HTTP:
 https://ajax.googleapis.com/ajax/services/language/translathttps://ajax.googleapis.com/ajax/services/language/translat

? 1 0& H ll f i d!&? 1 0& H ll f i d!&l il i |it|ite?v=1.0&q=Hello, my friend!&e?v=1.0&q=Hello, my friend!&langpairlangpair==en|iten|it
�� RispostaRisposta in in formatoformato JSONJSON

{"{" DD " {"" {" l dTl dT " "Ci i i !"}" "Ci i i !"} {"{"responseDataresponseData": {"": {"translatedTexttranslatedText":"Ciao, amico mio!"}, ":"Ciao, amico mio!"}, 
""responseDetailsresponseDetails": ": nullnull, ", "responseStatusresponseStatus": 200}": 200}
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Esempio di GoogleEsempio di Google TranslateTranslateEsempio di Google Esempio di Google TranslateTranslate
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Confronto: REST vs WSConfronto: REST vs WSConfronto: REST vs WSConfronto: REST vs WS
�� REST:REST:

 Maggiore dipendenza fra server e clientMaggiore dipendenza fra server e client
 Minor costo di realizzazione per cose sempliciMinor costo di realizzazione per cose semplici
 Minor espressività del modello di chiamata Minor espressività del modello di chiamata 
 Problemi con dati strutturatiProblemi con dati strutturati

�� WS:WS:
 Maggior costo di realizzazione del server e del clientMaggior costo di realizzazione del server e del client
 Maggiore formalizzazioneMaggiore formalizzazione
 Pubblicazione formale dell’interfaccia, verifica formale di Pubblicazione formale dell’interfaccia, verifica formale di 

i t ti d li i di f lti t ti d li i di f ltconsistenza, gestione degli errori, vedi soap faultconsistenza, gestione degli errori, vedi soap fault
 Minor dipendenza fra server e clientMinor dipendenza fra server e client
 Si possono sviluppare chiamate complesse con dati ancheSi possono sviluppare chiamate complesse con dati anche Si possono sviluppare chiamate complesse con dati anche Si possono sviluppare chiamate complesse con dati anche 

molto strutturatimolto strutturati
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ReferencesReferencesReferences References 
�� SOAPSOAP http://www.w3c.org/TR/soaphttp://www.w3c.org/TR/soap�� SOAP SOAP http://www.w3c.org/TR/soaphttp://www.w3c.org/TR/soap

�� WSDL  WSDL  http://www.w3c.org/TR/wsdlhttp://www.w3c.org/TR/wsdl

�� UDDI UDDI http://www.uddi.orghttp://www.uddi.org
�� REST Resources:REST Resources:
http://www prescod net/resthttp://www prescod net/resthttp://www.prescod.net/resthttp://www.prescod.net/rest
http://internet.conveyor.com/RESTwikihttp://internet.conveyor.com/RESTwikihttp://internet.conveyor.com/RESTwikihttp://internet.conveyor.com/RESTwiki
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Realizzazione di una applicazione C++Realizzazione di una applicazione C++Realizzazione di una applicazione C++Realizzazione di una applicazione C++
�� Nelle prossime due slide è mostrato come è possibile Nelle prossime due slide è mostrato come è possibile 

realizzare un’applicazione C++ composta da server e realizzare un’applicazione C++ composta da server e 
client che comunicano tramite WS via SOAPclient che comunicano tramite WS via SOAP

�� Questa soluzione è Questa soluzione è piu’piu’ statica di quando descritto in statica di quando descritto in 
precedenza, precedenza, cioe’cioe’ prevede la presenza di un WSDL per prevede la presenza di un WSDL per 
produrre il Client compilatoprodurre il Client compilatoprodurre il Client compilatoprodurre il Client compilato

Si t d l SSi t d l S�� Si parte dal ServerSi parte dal Server
 Si decide di pubblicare una certa funzione F(Si decide di pubblicare una certa funzione F(intint a, a, stringstring b)b)

�� Per arrivare ad avere tale funzione come RPC sul client Per arrivare ad avere tale funzione come RPC sul client 
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GSOAP server sideGSOAP server sideGSOAP server sideGSOAP server side
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GSOAP client sideGSOAP client sideGSOAP client sideGSOAP client side
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Critical AspectsCritical AspectsCritical AspectsCritical Aspects
�� Lack of defined methodologies (distributed architecture, Lack of defined methodologies (distributed architecture, 

heterogeneous languages and models)heterogeneous languages and models)
�� problems inproblems in

 tracking requirementstracking requirements
 maintainability, design for maintenancemaintainability, design for maintenance
 portability, technology evolutionportability, technology evolution
 modularization, modularization, composabilitycomposability, design for reuse, design for reuse
 Informal specification Informal specification 
 requirement and context evolutionsrequirement and context evolutions

h t t d l th t t d l t short term development processshort term development process
 reliability, tracking defectsreliability, tracking defects
 it blit bl security problemssecurity problems
 distributed responsibility among partners (COTS and distributed responsibility among partners (COTS and 

partnerships)partnerships)

Sistemi Distribuiti, Univ. Firenze, Paolo Nesi 2010-2011 42

partnerships)partnerships)


