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Web services

Web service is software component that accessible over the Web.

Input: Output:

doGoogleSearch googleSearchResponse
doGoogleSearch

Web service description includes:
» name, description, inputs and outputs
» location
» invocation information

Service description languages: WSDL, WSDL-S, SA-WSDL,
WSMO, OWL-S, ...



Web service composition

» Web service composition is the task of combining and linking
existing Web services to create new Web processes in order to
add value to the collection of services.

» Web service composition can include services from several
different computers.

» Composition constructions can be sequences, cycles,
conditions etc.

» Composition languages: WS-BPEL, WSMO, OWL-S, XLANG,
WSFL, BPML, WSCI, ...



Problems

» Expressing the meaning of composed service is complicated
from the user’s perspective (Petri nets, state-machines),

» Restricted visualisation possibilities (Protégé OWL-S editor ,
OWL-S IDE, Eclipse BPEL designer etc),

» Automatic composition needs precise semantics.



Higher order workflows and representation in logic

author

ConfirmOrder

listOfBooks

AddToOrder

author D 1ist0fTitles : GetTitles (T1)

order D confirmOrder : ConfirmOrder (T2)
title D book : Order (T3)
book D 1list0fBooks : AddToOrder (T4)
list0fTitles A (title D list0fBooks) D order : Cycle

author D confirmOrder

listOfTitles order confirmCrder

(T5)



Proof of solution

Formulae:
author D list0fTitles : GetTitles (11) Rules:
order D confirmlrder : ConfirmOrder (12) ADBAC:f BADDG:g
title D book : Order (13) ANDDCAGAB:fig @
book D list0fBooks : AddToOrder (14) (ADB)AXDZ:f AAWDOB:g
XVWDZ:f(g) (2)

list0fTitlesA(title D list0fBooks) D order : Cycle (15)

author D confirmOrder

Proof:

T3 book D list0fBooks : AddToOrder
title D list0fBooks : Order; AddToOrder T5 @)
Cycle(Order; AddToOrder)
T1 1ist0fTitles D confirmOrder : Cycle(Order; AddToOrder); ConfirmOrder
GetTitles; Cycle(Order; AddToOrder); ConfirmOrder

1list0£fTitles D order : T2

author D confirmQrder :



Service composition in CoCoViLa

» CoCoVila provides a framework for developing visual
specification languages.

» Includes algorithm synthesis based on Structural Synthesis of
Programs.

» Composition steps:

Specification

Problem description in logic and formulation of the goal

Proof of solvability of the problem

Java program
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Composition steps

Edit_Package Scheme Options Help

486,175




Composition steps
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Edit_Package Scheme Options Help

486,175
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[ Program | Run results |

Compute goal

———
public class WebServices extancls BPEL { =
7@ speciicaiion WebSenvces super BPEL {

Start Start_0;

WebSenvice WebSerce_4
WebService_4.name
WeSerice_4.input
WehSerice_4.output
WiebService_4.partner

WebSenvice WehSenice_S;
iehService 5 .name

der;

WebService_5 partner

End End_0;

WebSenvice WebSanice_
WebService_6.name
WehService_6.input

MakePayment
credi’;




Composition steps

= e

=

[ Program | Run results |

File

Edit Pz(kmz Scheme Options

Help, Compute goal

———
public class WebServices extancls BPEL {

1
2| @ cpeciicaion WebSences super BPEL {
3| Startstan_o;

4| WebService WenSenice_4;

5 Webgeryce. 4 rame - ‘Orgertook;

6

7

8

5| wepSence Websence.5.

13 WebService_5_partner = "Client’;
14| End End_o;
15| WehService WebServce 6;

16 WebService_6.name
17 WebSence_6.input = "credi’;

18 WebService 6. output = “bankCanfirm’;
19 Bar

20

21

22 A

22 “errar’;

24 WebService 7.partner = "Barl

25| Cyrle Cyrle_2;

26 Cyrle_2 cyrle_condition

486,175

=

WebServices |

Cyrle_2

spec - alias (ino) finish_num = (*.num_out)

[st.indata -> st_outclatal, cyrle_condition, cyrle_indata, cycle_text, outfile, prev_output -> cyrle_outdata_str {getCyrle}
Isubtask [st_indata -> st_outclata]
Cytle_2.st_indata
{Rrev_str, in_num)
WebService 4  out_num = in_num + 1
WebSenice. - utle, 1ext nou, ot name, ndta - Comp_outaut gets)
spec - WebSenire_S indata = WebSenice_4. outdata
WebSendce. a1 oW3E = (comp. oW, O num)
spec - WebSenire_S indata = WebService_4 outdata
WebService 5 : out_num = in_num + 1
(prev_str, in_num)
WiebService_5 : prev_output = prev_str
Spec: Cytle_2.st_ouidata = WebService S outclata
WiebService 5 : outfile, text, input, output, name, inclata -> comp_output {getiis}
WebSenvice_5 : alias outdata = (comp_output, out_num)
spec - Cyrle_2.st_outdlata = WebService_S outclata
Core. - alles stoutdata = (GLougara.str, sougate.um)
yele 2 prev_st

lend of twa,z [st.inctata -> st_outclata], zvtla tnr\dmm\ oyrle_indata, cytle_text, outfile, prev_oUtput -> cytle_outclata. str (getCytle)

<




Composition steps

.
I [“Program | Run resutts |

407 alias_WebService_7_indata_523(1] WebService _7.in_num;
WebSenvce_7.gets(WebSence 7 outfile, WebService_7 text, WebSenice _7.input,
WebSenice_7.output, WebSenice_7.name, alias_WebService_7_indata_523);

409 |;

413 Object[] alias_stoutdata2 _5 = new Object[}{ Condition_0.st_out_str2,
Condlition_0.st_out_num2 };

414 return new Object[} alias_stoutdata2 5 };

415 }

416 } //End of subtask: [Condition_0.stindata2] - > [Condition_0.stoutdata2]

417 Subtask_2 subtask_2 = new Subtask_2();

419 Object[] alias_Condition_0_indata_616 = new Object[2];

420 alias_Condition_0_indata_616[0] = Condiition_0.in_str;

421 alias_Condition_0_indata_&16[1] = Condition_0.in_num;

422 Condition_0.out_str = Candition_0.getCond{subtask_1, subtask_2,
Condlition _0. outfile);

425 String[] alias_finish_722 = new String[1];

426 alias_finish_722[0] = End_0.data_out;

427 int[] alias_finish_num_722 = new int[1];

429 finishText{outputfile, alias_finish_722, alias_finish_num_722);

431 i




Composition steps

(K3

Condiition _0.outflz);
3

alias_WebSenice_7_indata_523[0] = WebSenvce 7 prev_str; =
alias_WehSenice_7_indata_523[1] = WebSenvce 7.in_num;
Service_7.comp_output =
‘WebSence_7.getWs(WebSenice_7 outfile, WebSerce_7 text, WebSenvce 7 input,
WehServce 7.output, WehiSenice_7.name, alias_WebServce_7_indata_523);

’ WehService _7.out_num;
WebService. 7.comp_outpu;

Condition_0.st_out_num:
Condition_0.st_out_str2

Object]] alias_stoutdata2_5 = new Object[}{ Condlition_0.5t_out_str2,
Conciition_0.5t_out_num2 };
tum new Object[){ alias_stoutclata2 5 }

}
} //End of subtask: [Condition. 0.stindata2] -> [Condition_0.stoutdata2]
Subtask_2 subtask.2 = new Subtask_20;

Object]] alias_Condition_0_indata 616 = new Object(2];

alias_Condition_0_indata_616[0] = Concition 0.in_str;

alias_Condition_0_inclata_616{1] = Conlition _0.in_num;

Condition_0.out_str = Conclition_0.getCond(subtask_1, subtask_2,
alias_Condition_0_indata_616, Condlition_0.17_candtion, Concition_0.condiition_text,

End_0.data_out = Condition_0. out_str;
Stringl] alias. finish_722 = new String[1];
alias finish_722[0] = End.0.data_out;
im(] alias_finish_num_722 = new int[ 1]
alias finish_num_722[0] = End_0.num_out;
finishText(outputile, alias_finish_722,

_finish_num_722);

example.bpel
File Edit Search Options Help

<variable name="price"/>

<variable name="bankConfirm"/>
<variable name="cenfirmation"/>
</variables>

<partnerLinks>

<partnerLink name="Bank"/>
<partnerLink name="BookStore"/>
<partnerLink name="Client"/>
</partnerLinks>

<sequence>

l<invoke name="ChooseBook" inputVariabli
<repeatUntil name="RepeatUntil"s
<sequence name="Sequence"s

<invoke name="OrderBook" inputVariable="title" outpu
<invoke name="AddToOrder" inputVariable="isbn" outpu
</sequence>

<condition expressionlLanguage="1anguageURI">true</con:
</repeatUntil>

<invoke name="CalcSum" inputVariable="order" outputV.
<invoke name="CheckCredit" inputVariable="price" out|
<if>

<condition>t rue</condition>

<invoke name="MakePayment" inputVariable="credit" ou
<invoke name="ReturnOK" inputVariable="bankConfirm"
<else>

<invoke name="ReturnError" inputVariable="credit" ou
</else>

« >

"1ist0fTitles




X-road data exchange layer

» X-road enables secure access to nearly all Estonian national
databases.

» Hundreds of services provided by information systems of
different institutions work over the X-Road on the 24/7 basis.

» All Estonian residents with the national ID card or a contract
for the use of Internet banking codes can make use of its
enquiry services targeted at citizens.

» Officials as well as legal and natural persons are allowed to
search data from national databases over the Internet within
the limits of their authority.



X-road model
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X-Road services model in CoCoVilLa

iew Package Scheme Options Help

webse

SNSRI EEIE ENE) (]

es




X-Road services in CoCoVila

oad - CoCoVilLa - Scheme Editol
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X-Road services in CoCoVila

GraduationCertificate— >
RealEstateType, RegistrationMark, Colour, EstonianAddressString,

OccupationArea

Eile Edit View Package Scheme Options Help
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X-Road services in CoCoVila

rithm Visuali

WebSe
froafa_TJ04 Tis_goal, n_pord —> out_porffhindOutput] -
spec : Data_l41.data = StrData_1204.out_pan
spec: WebhService_633.indata = [ Data_l141l.cata]
WebService £33 : text, name, indata, output -> outdata {getivs}
GtrData_1205 :is_goal, in_port -> out_portdfindCutput}
spec : Data_B4.data = strData_ 1205 out_port
spec : WebSenice 613.indata = [ Data_84.data]
WebService 613 @ text, name, indata, output - > outdata {getws}
GtrData_1128 : is_goal, in_port -» out_portfindOutput}
spec : Data_8% data = StrData_1128 out_port
spec : WebService_61<4.indata = [ Data_85 .data ]
WebService 614 text, name, indata, outpul - > outdata {getiis}
GrData_ 1129 is_goal, in_por -> out_porgfindOutput}
spec : Data_86.data = StrData_1129.ou_port
spec : WebService 615.indata = [ Data 36.data ]
WekSenice G615 text, name, indata, output - > outcata {getis}
GtrData_1135 @ in_port -» is_goakisPanOfTheGoal}
GtrData 1135 @ is_goal, in_port -> out_portdfindCutput}
spec : alias {int) process_out = (".is_goal)
spec : Data_91 data = StrData_1135 out_port
SpEeC : process_oul, Process_name, process_Comment, process_namespace, outputfile -» process_

-

q] 0 \ [v] |
:

Finding the solution takes about one second.



X-Road services in CoCoViLa

X-road - CoCoViLa - Scheme Editor
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X-Road services in CoCoVila

= x-road-service3.bpel (~/workspace/cocovila) __ [

Fle Edit wview Search Tools Documents Help

[() x-road-service3.bpel X% |

<invoke name="ELKR.politsei_ehak" =]
1nputVariable="getELKR.politse1_ehak"
outputVariable="ELKR.politsel_ehakResponse" /=

<invoke name="select_26_2 20"
1nputVariable="getselect_26 2 20"
outputVariable="select 26 2 20Response"/=

<invoke name="select_27_2 21"
1nputVariable="getselect_27_2 21"
outputVariable="select 27_2 Z1Response"/=

<invoke name="select_28 2 21"
1nputVariable="getselect_28 2 21"
outputVariable="select 28 2 Z1Response"/=

<invoke name="ELKR.kinnistu"
1nputVariable="getELKR.kinnistu"
outputVariable="ELKR.kinnistuResponse" /=

<invoke name="select_12_2 1"
inputVariable="getselect_12 2 1"
outputVariable="select_12 2 1Response"/=

<invoke name="select_13 2 2"
inputVariable="getselect_13 2 2"
outputVariable="select_13 2 ZResponse"/=

</sequence= L
</process> Ad
4] [

| Ln 139, Col 11 | ns

A




Conclusions

The proposed method:
> allows to design composition visually,
> is suitable for large service models,
» can be used for automatic composition,

> allows to generate different process languages.



Thank you for listening!
Questions?
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