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The OO-Method Approach
OO-Method is a method that allows the automatic generation of software from conceptual models. It has a formal definition supported by OASIS [5], which is an object-oriented formal specification language for Information Systems. This method is supported by the compiler of OO-Method conceptual models that is implemented in the OlivaNova Suite [1].
The OO-Method model compiler generates applications according to three-tier software architecture: one tier for the client component, which contains the graphical user interface; one tier for the server component, which contains the business rules and the connections to the database; and one tier for the database component, which contains the persistence aspects of the applications.
The software production process in OO-Method is represented by three models:

· The Requirements Model, which specifies the system requirements using a set of techniques such as the Mission Statement, the Functions Refinement Tree, the Use Case Model, and the Sequence Diagrams Model.

· The Conceptual Model, which captures the static and dynamic properties of the functional requirements of the system by means of an Object Model, a Dynamic Model, and a Functional Model. The conceptual model also allows the specification of the user interfaces in an abstract way through the Presentation Model. With all of these models, the conceptual model has all the details needed for the generation of the software application. The complete definition of the elements of the conceptual model of OO-Method is described in detail in [8]. 

· The Execution Model, which allows the transition from the problem space (represented by the conceptual model) to the solution space (the corresponding software product). This model fixes the mappings between conceptual primitives and their corresponding software representations in a target software development environment.

The OO-Method approach put in practice the MDA technology (see Figure 1). More details about of the OO-Method approach can be found in [2], [3], [4], [6], and [7]. 
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Figure 1. Process of software production of the OO-Method approach.

Description of the Photography Agency
The photography agency is dedicated to the management of photo reports and their distribution for publishing houses. This agency operates with freelance photographers.
The photographers that wish to work with the photography agency must present a request that contains their personal information. This request is presented in the technical department of the photography agency, and contains: a description about the equipment of the photographer, a brief curriculum, and a book with photographic reports that the photographer has performed. 
The photographers are classified in three levels. For each level, minimum photography equipment is required. At the beginning of each year, the commercial department establishes the prices according to the level of the photographers, specifying the price that will be paid to the photographers and the price that will be charged to the publishing house for each photo.
On Monday mornings, a directives meeting is performed. A representative of each department of the photography agency assists to this meeting. In this meeting, the requests of photographers pending to evaluate are evaluated. These requests are accepted or rejected depending on the documents delivered by the photographers. In addition, the photographers are classified by levels according to the submitted documentation. When the meeting finishes, the technical department send a letter to each photographer to communicate the evaluation of their requests. If the request is accepted, the technical department creates a new record for the photographer (Figure 2), and saves it in the photographer’s file.

[image: image4]
Figure 2. Photographer Record.

A new record (Figure 3) is created for each photo report presented by a photographer. This record has a sequential code and the price that the publishing houses must pay according to the number of photos and the level of the photographer. Furthermore, in this record is registered a descriptive annotation about the content of the report.
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Figure 3. Photographic report record.
The publishing houses that want to work with the photography agency must be subscribed to the agency. Usually, the publishing houses go to the photography agency, where a worker of the commercial department explains them the way of work, the type of photographic reports, and the used rates. If the publishing house is interested, a record (Figure 4) of the publishing house is opened, and a payment is made as a subscription fee. With this subscription fee the publishing house has the rights to receive information of available photographic reports about a specific topic or a determined event.
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Figure 4. Publishing house record.

If a publishing house is interested in some photo report then the publishing house calls to the photography agency requesting information. The publishing houses are attended by the production department, which searches in the file of photo reports the more interesting reports according to the topics asked by the publishing house. If the publishing house requires it, a list that contains the description of the different photo reports is sent by fax. From this list, the publishing house requests by phone the reports that are of its interest.

If a publishing house request for a photo report, this is sent with a delivery note (see Figure 5) that must be signed by the publishing house. Then, the messengers bring the signed delivery notes that will be used to perform the corresponding invoice.
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Figure 5. Record related to a delivery note.
Sometimes, the publishing houses ask for exclusive photo reports about topics that are not covered by the photography agency. The publishing house establishes the price that wants to pay for the exclusive. The Technical Department processes each exclusive request, opening a new record (Figure 6) that has a unique code and the information related to the exclusive. A copy of this record is placed on the bulletin board.
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Figure 6.  Example of a record related to an exclusive photography report.
The photographers have a permanent contact with the photography agency in order to deliver photo reports, and to know the new exclusive requests. If a photographer is interested in an exclusive, then he picks up the related record and goes to the Technical Department to ask for its assignment. Each exclusive is assigned to just one photographer. A photographer must finish its assigned exclusive before to start other one. Once an exclusive is assigned, the record related to the exclusive is given to the photographer, in order to correctly identify the exclusive later.
If a photographer ends an exclusive, then he gives it to the Production Department together with the copy of the record of the exclusive. In the Production Department, the date of reception of the exclusive is registered, and a check is emitted at name of the photographer by an amount that corresponds to the 40% of the price of the exclusive (the photographer's part). The photography agency sends to the publishing house the exclusive together with a delivery note through a messenger. Once the exclusive is delivered, the messenger gives back to the Commercial Department the already signed delivery note.
At beginning of each month, the Commercial Department reviews all the delivery notes in order to send to each publishing house an invoice for all the photo reports and exclusives that they have request (see Figure 7). Also, the payment to the photographers is performed every month. To perform this payment, the delivery notes related to delivered reports are reviewed, and the corresponding rates are applied. Next, a nominal check by an amount that corresponds to the total of the commissions that must be paid to the photographer is sent to him.
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Figure 7.  Example of a monthly invoice.
Conceptual Model of the Photography Agency
In this section, the case study of the photography agency is developed with the OO-Method approach following the description presented in the section above. To do that, an implementation of the OO-Method compiler developed by the CARE Technologies company [1] is used. This company has a set of tools that allow modelling applications, verifying models, and the generation of code from the applications modelled by means of model transformations.
The first paragraph of the description of the Photography Agency is: “The photography agency is dedicated to the management of photo reports and their distribution for publishing houses. This agency operates with freelance photographers”. From this description, it is possible to identify the following classes: PublishingHouse, PhotoReport, and Photographer. Figure 8 shows these classes modelled with the Olivanova Modeler tool [1].
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Figure 8. Classes PublishingHouse, PhotoReport, and Photographer.
The following paragraph of the description of the Photography Agency is: “The photographers that wish to work with the photography agency must present a request that contains their personal information. This request is presented in the technical department of the photography agency, and contains: a description about the equipment of the photographer, a brief curriculum, and a book with photographic reports that the photographer has performed”.
From the paragraph above, the class Request, which corresponds to the request presented by the photographers that wish to work with the Photography Agency, is identified. The photographers present the request in the technical department of the Photography Agency. Thus, the class TechnicalDep is also identified. Figure 9 shows the Request and TechinalDep classes modelled with the Olivanova Tool [1].
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Figure 9. Classes Request and TechnicalDep.

As it is exposed in the description of the photography agency, the attributes of the class Request are represented by the personal information of the photographers. The personal information of the photographers can be obtained from the record of photographers (see Figure 2). From this record, the attributes DNI, name_photographer, address, city, and telephone are identified.

It is important to note that the name of the photographer is identified as the attribute name_photographer to avoid problems with reserved words of the tool (in this case with the reserved word name).

The attribute DNI is constant because corresponds to the identification of the photographer. The rest of the attributes of the class Request are variables. The attribute DNI is candidate to be the OID (Object IDentifier) of the class Request. However, if we assume that one photographer can presents a new request when a previous request has been rejected, this attribute can not be used as OID. For this reason, two new attributes of the class Request are defined: a correlative number for the requests (pres_number), and the date that a request is presented (pres_date). Both attributes are defined as constant, and the pres_number attribute also is defined as the OID of the class Request.

In addition to the attributes that are representing the personal information of the photographers, an attribute to registry the description of the equipment of the photographer is added in the class Request (desc_equipment). Since the curriculum and the book of each photographer are delivered in paper to the technical department, a reference to the location of these archives are identified in the class Request by the attributes: ref_curriculum and ref_book.

The attribute pres_number is a natural number that must be increased when a new request is presented. Thus, using the facilities of the tool, it is possible to specify that that the type of the attribute pres_number is autonumeric.

The attribute pres_date represents the date in which a request is submitted. Therefore, using the facilities of the tool, it is possible to specify the system date as default value for the attribute pres_date. 

The DNI attribute is a string of length 10 (i.e. 72636737R). The attributes name_photographer is a string that can has a length of 100.  Also, the address and city attributes are strings of length 100. The telephone attribute is a string with length 15. The desc_equipment attribute is a text because can have more than 1024 characters.  The ref_curriculum and ref_book attributes are string of length 10. Figure 10 presents the attributes of the Request class related to the personal data of the photographers.
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Figure 10. Attributes of the class Request.

In addition, we identify the method present as the creation method of the class Request because the request is created in the moment when a photographer presents its request. The arguments of the present service of the class Request are the attributes of the class Request. Figure 11 shows the present service of the class Request, and its inbound arguments.
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Figure 11. The service present of the Request class.

The technical department is important because the people that work in this department are authorized to create the new requests of photographers. Therefore, the attributes to the TechnicalDep class are related to the people that work in this department. For this reason, we specify the attributes DNI and name_technical to identify the people that work in the technical department.

The attribute DNI is constant and corresponds to the OID of the class TechnicalDep. The attribute name_technical is variable. Both attributes are strings. The DNI attribute has a length of 10 and the name_technical attribute has a length of 100.  Figure 12 shows the attributes of the class TechnicalDep.
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Figure 12. Attributes of the class TechnicalDep.

The correct definition of a class requires at least the specification of a name, an OID attribute, and a creation method. Therefore, for the correct definition of the class TecnicalDep, the services that allow the creation, deletion, and modification of the instances of this class are specified. 

The creation service is named create_instance. This service has inbound arguments for assign the values to the attributes of the TechnicalDep class (DNI, name_technical). To easily determinate which inbound arguments are related to which attributes, the inbound arguments are prefixed by p_atr and then the name of each attribute. Therefore, the entry arguments of the create_instance service are: p_atrDNI, and p_atrname_technical (see Figure 13).
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Figure 13. Service create_instance of the class TechnicalDep.

The deletion service is named delete_instance. This service has only one inbound argument: the instance of the TechnicalDep class that the user wants to delete. To easily determinate which inbound argument is related to the instance of the class that contains the service, the inbound argument is prefixed by p_this and then the name of the class. Thus, the entry argument of the delete_instance service is p_thisTechnicalDep.
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Figure 14. Service delete_instance of the class TechnicalDep.

The modification service is named edit_instance. This service allows changing the value of the variable attributes of the class TechnicalDep. To do this, the service needs the instance of the class TechnicalDep that will be modified and the variable attributes of the class. Therefore, the inbound arguments of the service edit_instance of the class TechnicalDep are: p_thisTechnicalDep and atrname_technical. Figure 15 presents the edit_instance service of the TechnicalDep class.
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Figure 15. Service edit_instance of the class TechnicalDep.

Once the inbound arguments of the service edit_instance have been specified, it is necessary to indicate that the values entered by the user (in these arguments) changes the value of the attributes of the corresponding instance of the class TechnicalDep. To do this, a valuation must be specified. This valuation indicates that the attribute name_technical receives the value entered by the user in the inbound argument atrname_technical when the service edit_instance is executed. The following figure presents the valuation for the edit_instance service of the class TechnicalDep.
[image: image18.png]Functional Model

s ot o
[S Tectvicaben  v| [ rame_techrical v [# cdiinsance
atite Euon e Condton Curentvabe
[ ———————— 3
=
Vabaton
sntae: [0 rane_eohniod v Event [# et v| 2 F
Caegoes
x|

O Cardinal Aty

Ostuaion comeve |

Valuatian canior:

Event sffect

Commerts:

Y





Figure 16. Valuation for the service edit_instance of the class TechnicalDep.

Since the photographers present their request to the technical department, a person of this department is who creates the new requests in the system. Therefore, is needed to identify that the class TechnicalDep is an agent of the service present of the class Request. Figure 17 shows the Request class with the service present and the agent TechnicalDep. 
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Figure 17. Class TechnicalDep defined as agent of the service present of the class Request.

It is important to note that only the authorized workers of the technical department can create the request. For this reason, the workers of the technical department must be logged in the applications. To model this, a password argument is added to the creation service of the class TechnicalDep (see Figure 18).
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Figure 18. Password argument of the service create_instance of the class TechnicalDep.

The next paragraph of the description of the Photography Agency is: “The photographers are classified in three levels. For each level, minimum photography equipment is required. At the beginning of each year, the commercial department establishes the prices according to the level of the photographers, specifying the price that be paid to the photographers and the price that be charged to the publishing house for each photo”.
From the paragraph above, we identify the class Level, which corresponds to the quality level of the photographers that works in the Photography Agency. Also, we identify the class CommercialDep that specifies the prices for each level. Figure 19 shows the classes Level and CommercialDep that are modelled with the Olivanova Tool [1].
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Figure 19. Classes Level and CommercialDep. 
The attributes of the class Level are the description of the minimum equipment (min_equipment), the price to pay to the photographers (price_pay_phot), and the price to charge to the publishing house (price_charge_pub). These attributes are defined as variables. The min_equipment attribute is a text, the price_pay_phot attribute is a real, and the price_charge_pub is a real.
Since all the attributes of the class Level are variables and they are not identifiers of the class, then the attribute id as the OID of the Level class has been defined. Therefore, the attributes of the class Level are shown in the Figure 20. 
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Figure 20. Attributes of the Level Class. 

For the correct specification of the class Level, the services of creation, deletion and modification are defined in the same way that has been explained for the class TechnicalDep. Therefore, Figure 21 shows the services of the class Level.
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Figure 21. Services of the Level Class. 

To modify only the prices of the levels, a new service named edit_prices is specified in the Level class. This service has the following inbound arguments: p_thisLevel, atrprice_pay_phot, and atr_price_charge_pub (see Figure 22). Moreover, the valuation of the service edit_prices is shown in Figure 23.

[image: image24.png]Attiutes | Derivations | [Attibute value expressions] | Semvices | Transactions | Constaints | Agents | Relatonships | Geeral

Everts Tramsctions
Senices inbound g | Qutbound Arg
Name Festues Py Nare Daa e
# create_instance New — B p_thisLevel Level
# ddeemstonce Destoy &l |8 apice s Red
# et imtance » & atpice_chage_pub Real
# edit_prices. -
e
82|
El
# | »
Nare Daa e
QB CINew  [intemaluse | | — — =L
OTranssction [ pesty
O Operstion
Conments -
Bl Conments

B el | % B

2

£l
£l

Class:




 
Figure 22. Service edit_prices of the class Level. 

[image: image25.png]Functional Model

s ot o
EET 9 tee 9 [ oo
atite Euon e Condton Curentvabe

atipice_pay_phot |
alipice_charge_pub

vice_pay_phot  edi_pices
iice_cheige_pub edi_pices

Vabaton
bt | B [# sdtpon v o #
Catgors 7
o It ot th st of ttcs e
Cadinl oo L}

Suson T

Valuatian canior:

Eventsffect

Commerts:

Bls@ |





Figure 23. Valuation for the edit_prices service of the Level class.

The people that work in the commercial department are the only one authorized to modify the prices related to the different levels of photographers. Therefore, the class CommercialDep is defined to represent these people. This class contains the attributes DNI, name_commercial to identify every person that works in the commercial department. 
The attribute DNI is constant and corresponds to the OID of the class CommercialDep. The attribute name_commercial is variable. Both attributes are strings. The attribute DNI has a length of 10 and the attribute name_technical has a length of 100.  Figure 24 shows the attributes of the class CommercialDep.
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Figure 24. Attributes of the class CommercialDep.

In the same way that has been specified the services to create, delete, and modify instances of the class TechnicalDep, the services for create, delete, and modify instances of the CommercialDep are specified (see Figure 25). 
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Figure 25. Services of the CommercialDep class.

Since the levels can be modified by people of the commercial department, the class CommercialDep is defined as agent of the service edit_prices of the class Level. Figure 26 shows the Level class with the service edit_prices and the agent definition for the class CommercialDep.
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Figure 26. Class CommercialDep defined as agent of the service edit_prices of the class Level.

Finally, from the phrase “The photographers are classified in three levels”, it is possible to identify that exist an association between the class Photographer and the class Level. One photographer only is classified in one level (depending of their equipment), and one level can classify zero or more photographers with similar equipments. Figure 27 shows the association between the class Photographer and the class Level. 
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Figure 27. Association between Photographer class and Level class.

In the association defined between the class Photographer and the class Level, the association end related to the class Level is defined as static (S) because each photographer is associated to one level when the photographer is registered, and this level never changes during the life of the instance related to the photographer. On the other hand, the association end related to the class Photographer is defined as dynamic (D) because each level can be dynamically associated with zero or more photographers. For instance, when a level is created, it is associated with zero photographers. Then, this level can be associated with one photographer. Subsequently, the level can be associated with two photographers, and so on.
The next paragraph of the description of the Photography Agency is: “On Monday mornings, a directives meeting is performed. A representative of each department of the photography agency assists to this meeting. In this meeting, the requests of photographers pending to evaluate are evaluated. These requests are accepted or rejected depending on the documents delivered by the photographers. In addition, the photographers are classified by levels according to the submitted documentation. When the meeting finishes, the technical department send a letter to each photographer to communicate the evaluation of their requests. If the request is accepted, the technical department creates a new record for the photographer (Figure 2), and saves it in the photographer’s file”.
From the paragraph above, is possible to observe that in the meeting only are reviewed the pending requests. To identify the pending requests from the requests that are already evaluated, the attribute state is added to the class Request. The attribute state is a string of length 10 that has as default value, the string “PENDING” that can change later to “ACCEPTED” or “REJECTED”. This new attribute of the class Request is shown in the Figure 28. 
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Figure 28. Attribute state of the Request class.

It is important to note that only when a request is accepted, the photographer is registered and classified in a level. Since the attributes that represent the photographer are already defined in the class Request, the Photographer class is considered as a specialization of the class Request (see Figure 29). 
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Figure 29. Specialization between the Photographer class and the Request class.

In addition, the service accept is added in the Request class to create the instances of the Photographer class. This service has a precondition to assure that only the pending requests can be accepted. Thus, the precondition of the service accept evaluates that the attribute state has the value PENDING. In other case, an error message is presented to the user. Figure 30 shows the precondition for the service accept. 
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Figure 30. Precondition of the accept service of the Request class.

To create the instances of the Photographer class, in the service accept must be entered the attributes of this class. The date of the acceptation of a request is identified as an attribute of the class Photographer (date_accept). Also, the DNI of the photographer (DNI_phot) is identified as an attribute of the class Photographer, which corresponds to the OID of the class. The DNI_phot and date_accept attributes are constant. The DNI_phot attribute is a string of length 10. The date_accept attribute is a date that has the date of the system as default value. The attributes of the class Photographer are shown in Figure 31.
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Figure 31. Attributes of the Photographer class.

Therefore, to create a new instance of the class Photographer is needed the specification of its attributes and the classes associated statically with the photographer. In consequence, the accept service has the following inbound arguments: p_thisRequest, p_atrDNI_phot, p_atrdate_accept, and p_arglevel. The following figure presents the inbound arguments of the service accept.
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Figure 32. Inbound arguments of the accept service of the Request class.

When the service accept is executed, the state of the request changes from PENDING to ACCEPTED. To represents this situation, a valuation is defined for the accept service (see Figure 33).
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Figure 33. Valuation for the service accept of the class Request.

Since the DNI of the photographer is the same as the DNI specified in the request, and the acceptation date corresponds to the date of the system, these attributes must not be entered by the user. To model this situation, a transaction is created in the class Request. This transaction is named TACCEPT, and has as inbound arguments the request (p_thisRequest) and the level (level). The following figure presents the inbound arguments of the TACCEPT transaction.
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Figure 34. Inbound arguments of the service TACCEPT of the class Request.

The transaction TACCEPT calls to the service accept, passing the value of the attribute DNI of the class Request to the inbound argument p_atrDNI_phot, and the system date to the inbound argument p_atrdate_accept (see Figure 35).
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Figure 35. TACCEPT service of the Request class.

Finally, it must be specified that the person that creates the records of photographers must works in the technical department. Therefore, the class TechnicalDep is defined as the agent of the service TACCEPT of the class Request (see Figure 36). It is important to note that to avoid confusions with the service that the agent can execute; only the service TACCEPT is visible to the agent TechnicalDep. To hide the service accept for the agents, this service is specified as internal (see Figure 37).
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Figure 36. Class ThecnicalDep defined as agent of the service TACCEPT of the class Request.
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Figure 37. Internal service accept of the class Request.

Figure 38 shows the classes that are involved in the creation of a new photographer, and the associations between these classes.
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Figure 38. Diagram related to the class Photographer with the classes involved in the creation of a new photographer.
The next paragraph is: “A new record (Figure 3) is created for each photo report presented by a photographer. This record has a sequential code and the price that the publishing houses must pay according to the number of photos and the level of the photographer. Furthermore, in this record is registered a descriptive annotation about the content of the report”.
In the paragraph presented above can be observed that one photo report is related to one photographer (the photographer that performs it). On the other hand, a photographer can perform several photographic reports. This situation is represented through an association between the class PhotoReport and the class Photographer. This association is named PhotographerReport, see Figure 39. 
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Figure 39. Association between the class PhotoReport and the class Photographer.
The attributes related the class PhotoReport can be identified from the record of photographic reports (see Figure 3). The attribute report_code represents the sequential number related to one record, and its data type is Autonumeric to automatically obtain its sequential value. The report_code attribute is defined as constant, this means that its value is assigned during the object creation process and it can not be changed during the life of the object. The value of the report_code attribute is unique for each record. For this reason, the attribute report_code is used as OID. 
The attributes title and content are keeping the values for the description about the title and the content of the report. Both attributes are strings with maximum length of 100.

The attribute photos_number represents the number of photos of the photographic report. This attribute is variable. Since the number of photos is a natural number, the attribute photos_number is natural.

The attribute date_recept represents the reception date of the photo report. The attribute date_recept has as default value the system date, which is assigned through a function provided by the modelling tool.
The attribute pub_price represents the price that must pay the publishing house that buys the photo report. The value of this attribute is calculated according to the number of photos and the price that must be paid for each photo (according to the level of the photographer). Since the value assigned to the attribute pub_price in the creation of a new instance must not change if the level of the photographer change, this attribute is not defined as derived attribute. Therefore, the attribute pub_price is variable and its type is real. 
The attribute level is a derived attribute that keeps the level assigned to the photographer that did performed the report. The way to obtain the derived value related to the level attribute is defined through a special formula. In this derivation formula, the attribute level must receive the value related to the level of the photographer. To do this, the value for the attribute level is obtained crossing different association roles following the sequence: PhotoReport(Photographer(Level (see Figure 40). 
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Figure 40. Derivation formula for the attribute level of the class PhotoReport.
[image: image43.png]Atibutes | Derivations | [Atbute value expressions] | Services | Trensactions | Constaints | Agents | Relaionstips | General

Atributes

Name. Atibutetps | Detatpe | Id Sze  Defautvaie Requestuponcieaon  Nulk

Orepoitcode  Constant  Autorumeric 0 Yes No
© e Variable Sting 100 Yes Yes
© content Variable Sting 100 Yes Yes
© photos_number  Variable Nat Yes Yes
O date_tecept  Variable Date systemDatel ] Yes Yes
© pub_pice Vaiiable Real No Yes
O level Derived Int

Atibute type: Data ype:

Alias:

Commerts Help Message

1 PhotoReport





Figure 41. Attributes of the class PhotoReport.
Since the value assigned to the attribute pub_price in the creation of a new instance must not change if the level of the photographer change, this attribute is not defined as derived attribute. Therefore, the attribute pub_price is defined as variable and its type is real. Thus, a new event must be defined to calculate and assign the corresponding value. This event is shown later, when the services for the creation of a new record are explained.
In the record for photographic report (Figure 3) can be observed that information about the topics related to the report must be entered. To represent the topics in the model, the class Topic is defined. This class has two attributes: one that represents the OID (id), and other that represents the description for a particular topic (desc_topic). Figure 42 shows the attributes of the class Topic.
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Figure 42. Attributes of the class Topic.
To relate the topic with the photography report, an association called TopicReport is defined between the class Topic and the class PhotoReport. This association is dynamic in both directions. To manage the dynamism, two shared service are defined. These shared events manage the creation and destruction of links between instances of topics and reports (services link_topic and unlik_topic). Figure 43 shows the definition of this association.
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Figure 43. Association between the class Topic and the class PhotoReport.
For the correct specification of the class Topic, the services for creation, deletion and modification are defined in the same way than in the definition of the class TechnicalDep. Therefore, Figure 44 shows the services of the class Topic: create_instance, delete_instance, edit_instance, link_topic, and unlik_topic. The services link_topic and unlik_topic are defined as internal. For this reason, the agent can execute them only from the class PhotoReport.
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Figure 44. Services of the Topic class.

Following the definition of the class PhotoReport class, it is possible to observe that the creation of a new record implies the execution of three services: a service to create the new instance of the class PhotoReport that associate the photographic report to the photographer, a service to assigns to the photographic report the price to be paid by the publishing house, and a service to associate to the photographic report the corresponding topics. For the two first services, the following events are defined: create_report and assign_price. The third service is performed by the shared event link_topic. Since the three services must be executed for the correct creation of the instances of the PhotoReport class, a transaction that groups these services is defined. This transaction is called TCREATE_REPORT.

The service create_report creates a new instance of the class PhotoReport. This service must have an inbound argument that represents the photographer that performs the photo report (p_agrPhotographer). The service create_report also has as inbound arguments the attributes of the class PhotoReport. It is important to note that the derived attributes are not entered by the user; therefore, these attributes are not included as inbound arguments of the creation service. In addition, the value of the attribute pub_price is assigned by the execution of other service; for this reason, this attribute neither is difened as inbound argument of the creation service. Figure 45 shows the definition for the service create_report of the class PhotoReport.
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Figure 45. Definition for the service create_report.
The service assign_price is defined to set the value of the attribute pub_price of the class PhotoReport. The value of the pub_price attribute is calculated by means of the number of photos of the photo report and the price to charge to the publisher houses (specified in the level of the photographer). To specify this calculus, a valuation is defined (see Figure 46).
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Figure 46. Definition of the valuation related to the service assign_price.
Finally, the transaction TCREATE_REPORT is defined as a transaction of creation because encapsulates the creation event create_report. The inbound arguments of the TCREATE_REPORT service are the arguments required by the events that are comprised on it. These arguments are shown in Figure 47. The behaviour related to this transaction is defined through the formula that is shown in Figure 48. 
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Figure 47. Definition for the transaction TCREATE_REPORT.
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Figure 48. Behaviour formula related to the transaction TCREATE_REPORT.
Finally, Figure 49 shows the classes that are involved in the creation of a new photographic report, and the associations between these classes.
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Figure 49. Diagram related to the class PhotoReport, and the classes involved in the creation of a new photo report.
The next paragraph in the description of the Photography Agency is: “The publishing houses that want to work with the photography agency must be subscribed to the agency. Usually, the publishing houses go to the photography agency, where a worker of the commercial department explains them the way of work, the type of photographic reports, and the used rates. If the publishing house is interested, a record (Figure 4) of the publishing house is opened, and a payment is made as a subscription fee. With this subscription fee the publishing house has the rights to receive information of available photographic reports about a specific topic or a determined event”.
From the paragraph above and Figure 4, the attributes of the class PublishingHouse are identified. These attributes are: code of the publishing house (id), name of the publishing house (name_pub), date when the publishing house is subscribed to the photography agency (date_subscription), address (address), telephone (telephone), and fax (fax) of the publishing house.
The id attribute is unique for each publishing house. This attribute is a constant string of length 4. Thus, the OID of the PublishingHouse class is the attribute id.
The attributes name_pub, address, telephone, and fax are defined as variable attributes of type string. The name_pub and address attributes have a length of 100. The telephone and fax attributes have a length of 15.
The attribute date_subscription is variable. This attribute is a date that has as default value the system date. Figure 50 shows the attributes of the class PublishingHouse.
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Figure 50. Attributes of the PublishingHouse class.
In addition, the service subscribe is defined as the creation service of the class PublishingHouse. This service has the following inbound arguments: p_atrid, p_atrname_pub, p_atraddress, p_atrtelephone, p_atrfax, and p_atrdate_subscription (see Figure 51).
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Figure 51. Service subscribe of the class PublishingHouse.
Finally, it must be specified that the person that creates the record of publishing houses is a person that works in the commercial department. Therefore, the class CommercialDep is specified as the agent of the service subscribe of the class PublishingHouse (see Figure 52).
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Figure 52. Class CommercialDep defined as agent of the service subscribe of the class PublishingHouse.
The following paragraph of the description of the Photography Agency case study is: “If a publishing house is interested in some photo report then the publishing house calls to the photography agency requesting information. The publishing houses are attended by the production department, which searches in the file of photo reports the more interesting reports according to the topics asked by the publishing house. If the publishing house requires, a list that contains the description of the different photo reports is sent by fax. From this list, the publishing house requests by phone the reports that are of its interest”.

In the paragraph above, many manual tasks are identified: the publishing house calls to the photography agency, the personal of the production department tell to the publishing house the existent reports, and the publishing house request some reports by telephone. However, once the publishing house requires a number of photo reports, the photography agency must register these reports in order to charge the reports to the publishing house. For this reason, a class named ReportRequest is identified. This class is an association class that allows the association of the existing instances of the class PhotoReport with instances of the class PublishingHouse.
The class ReportRequest is associated with the class PublishingHouse through an association with identification dependency (see Figure 53). The identification dependency means that the identification of the ReportRequest class is the OID of the class PublishingHouse plus a unique attribute of the class ReportRequest.
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Figure 53. Association between the class ReportRequest and the class PublishingHouse.
On the other hand, the ReportRequest class is associated with the PhotoReport class through an association with identification dependency also (see Figure 54). Therefore, identification of the class ReportRequest is the OID of the PublishingHouse class, plus the OID of the PhotoReport class, and plus a unique attribute ReportRequest class.
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Figure 54. Association between the class ReportRequest and the class PhotoReport.
The class ReportRequest only has two attributes: an identifier (id), and the date when the publishing house request a report (date_request). The attribute id is a unique number for the identification of the class ReportRequest. This number is constant. The attribute date_request is a date and is variable. It has as default value the system date. Figure 55 shows the attributes of the class ReportRequest
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Figure 55. Attributes of the class ReportRequest.
The creation service of the class ReportRequest has as inbound arguments: the publishing house (p_argPublishingHouse), the photo report (p_argPhotoReport), the sequential number of the request (p_atrid), and the date of the request (p_atrdate_request). Figure 56 shows the service create_instance of the class ReportRequest.
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Figure 56. create_instance service of the ReportRequest class.
Since the production department is important because the people that work in this department are authorized to register the photo reports requested by the publishing houses, the class ProductionDep is defined to represent the people of these department. The attributes of the class ProductionDep are related to the people that work in this department. For this reason, the attributes specified are: DNI and name_production to identify every person that works in the production department. 

The attribute DNI is constant and corresponds to the OID of the class ProductionDep. The attribute name_production is variable. Both attributes are strings. The attribute DNI attribute has a length of 10 and the attribute name_production has a length of 100.  Figure 57 shows the attributes of the class ProductionDep.
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Figure 57. Attributes of the class ProductionDep.

The services to create, delete, and modify instances of the class ProductionDep are defined (see Figure 58) in the same way that the services to create, delete, and modify instances of the class TechnicalDep. 
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Figure 58. Services of the ProductionDep class.

At last, it must be specified that the person that creates the request of reports is a person that works in the production department. Therefore, the class ProductionDep is defined as the agent of the service create_instance of the class ReportRequest (see Figure 52).
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Figure 59. Agent ProductionDep of the ReportRequest class.

Finally, Figure 60 shows the classes that are involved in the creation of a new photo report request, and the associations between these classes.
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Figure 60. Diagram related to the class ReportRequest, and the classes involved in the creation of a new photo report request.
In the paragraph that says: “If a publishing house request for a photo report, this is sent with a delivery note (see Figure 5) that must be signed by the publishing house. Then, the messengers bring the signed delivery notes that will be used to perform the corresponding invoice”.
From this part of the description, can be inferred the class DeliveryNote. The Figure 5 shows an example of the record related to a delivery note. This figure is used to correctly identify the attributes of the class.
According to the information that is represented in the record of the delivery note, the following attributes are defined in the class DeliveryNote: note_number, note_date, and total (Figure 61).
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Figure 61. Attributes of the class DeliveryNote.

In the record of delivery note can be observed that this must be related to a publishing house and to the reports requested by the publishing house. Thus, the class DeliveryNote has associations with the classes PublishHouse and ReportRequest. Figure 62 and Figure 63 show the definition of these associations.
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Figure 62. Association between the classes DeliveryNote and ReportRequest.
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Figure 63. Association between the classes DeliveryNote and PublishHouse.

The price of a delivery note must be calculated each time that a report is included or removed form the delivery note. To perform this task, an event named calcTotal is defined. Figure 64 shows the services that are defined for the class DeliveryNote. In this figure can be observed: the events for creation, deletion, and edition of instances of the class; the two the shared event related to the dynamic association defined with the class ReportRequest, and the event calcTotal oriented to calculate the total amount of the delivery note (according to the price of the related photographic reports).
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Figure 64. Services for the class DeliveryNote.

The event calcTotal has defined the valuation presented in Figure 65 oriented to calculate the total amount of a delivery note by addition of the price of the related photo reports. 
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Figure 65. Valuation to calculate the total amount of a delivery note.

The event calcTotal must be executed each time that a report request is linked or un-linked from the delivery note. Thus, two transactions are defined to manage the associations with the class ReportRequest, in order to re-calculate the total amount of the delivery note each time that the associations change. These transactions are: TLINKREPTREQ and TUNLINKREPTREQ. The formulas for these transactions are presented in Figure 66 and Figure 67 respectively.
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Figure 66. Formula for the transaction TLINKREPTREQ.
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Figure 67. Formula for the transaction TUNLINKREPTREQ.

As the purpose of a delivery note is sent the reports requested by a publishing house, a delivery note must be related, at least, to one photographic report. To assure this situation the following constraints are defined:

· One precondition related to the transaction TUNLINKREPTREQ. This precondition validates if there are more than two reports related to the delivery note to perform the transaction. If not, the unlink transaction is not performed. Figure 68 shows the formula for this precondition.
· One transaction to create a new delivery note. This transaction asks for one related report at the moment of creates a new delivery note, assuring that at least the delivery note has one related report. Figure 69 shows the formula for this transaction.
[image: image70.png]Classes:

= Delventiote Services:

£ TUNLINKREPTRED

v ¥

Formua

Agent classes

Ertor message

Commerts

Forma:

[COUNT(ReportRequest)> 1

Ertor message:

[“The request can ot be removed”

Commerts:





Figure 68. Precondition for the transaction TUNLINKREPTREQ.
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Figure 69. Transaction for the creation of a new delivery note.

Figure 70 shows the definition of the transaction TNEWDELIVNOTE. In this figure also can be observed that are defined as internals: the event related to the creation of instances, the shared events to manage the associations with the class ReportRequest, and the event to calculate the total amount of the delivery note. This definition is performed because these events can only be invoked through the transactions defined in the class.
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Figure 70. Definition of the transaction TNEWDELIVNOTE.

The classes involved in the definition of a new delivery note are shown in Figure 71.
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Figure 71. Classes involved in the creation of a new delivery note.

In the analyzed paragraph can also be observed that the delivery note is used to perform the invoice for the publishing house. Therefore, a new class named Invoice that is related to DeliveryNote is defined (Figure 72).  Figure 7 shows an example of an invoice. 
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Figure 72. Association between the classes Invoice and DeliveryNote.
Figure 73 shows the services related to the class DeliveryNote after the definition of the association with the class Invoice.
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Figure 73. Services of the class DeliveryNote.
A new derived attribute is defined in the class DeliveryNote in order to identify when the delivery is invoiced or not. This attribute take the state Invoiced when the delivery note is related to an invoice. Figure 74 shows this new attribute named state, while Figure 75 shows its derivation formula.
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Figure 74. Definition of the attribute state oriented to identify if the delivery note has been invoiced.
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Figure 75. Definition of the derivation formula for the attribute state.
In Figure 7 can be observed that the information of exclusives is also included in the invoice. So, it is necessary to model the semantics related to exclusives before to continue with the definition of the class Invoice. 
The next paragraphs of the case study give more information about exclusives: “Sometimes, the publishing houses ask for exclusive photo reports about topics that are not covered by the photography agency. The publishing house establishes the price that wants to pay for the exclusive. The Technical Department processes each exclusive request, opening a new record (Figure 6) that has a unique code and the information related to the exclusive. A copy of this record is placed on the bulletin board.

The photographers have a permanent contact with the photography agency in order to deliver photo reports, and to know the new exclusive requests. If a photographer is interested in an exclusive, then he picks up the related record and goes to the Technical Department to ask for its assignment. Each exclusive is assigned to just one photographer. A photographer must finish its assigned exclusive before to start other one. Once an exclusive is assigned, the record related to the exclusive is given to the photographer, in order to correctly identify the exclusive later.

If a photographer ends an exclusive, then he gives it to the Production Department together with the copy of the record of the exclusive. In the Production Department, the date of reception of the exclusive is registered, and a check is emitted at name of the photographer by an amount that corresponds to the 40% of the price of the exclusive (the photographer's part). The photography agency sends to the publishing house the exclusive together with a delivery note through a messenger. Once the exclusive is delivered, the messenger gives back to the Commercial Department the already signed delivery note”.

The first of the three paragraphs related to exclusives shows that an exclusive is a special kind of photo report that is requested by a publishing house. Thus, a new class named Exclusive is defined. This class is related to the class PublishingHouse. Figure 76 shows the definition of the association between both classes, and Figure 77 shows the definition of the attributes related to the class Exclusive.
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Figure 76. Association between the classes Exclusive and PublishingHouse.
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Figure 77. Attributes defined for the class Exclusive.
According to the second and third paragraph related to exclusives, the class exclusive can be specialized in two child classes. One child class represents the exclusives that are assigned to a photographer for its execution. This class is named ExclusAsigned, and only has the attribute assign_date that represents the date in that an exclusive is assigned to a photographer. The other child class, named ExclusFinished, represents the exclusives that are finished, and that can be invoiced. This second class has the attribute finish that represents the date in which an exclusive has been finished by a photographer, and the attribute price_photo that corresponds to the amount of money that must be paid to the photographer. Figure 78 and Figure 79 show the definition of the attributes of these classes.
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Figure 78. Definition of the attributes of the class ExclusAsigned.
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Figure 79. Definition of the attributes of the class ExclusFinished.
The events assign and finish are defined in the class Exclusive to specialize an exclusive as assigned or finished. To assign an exclusive, it is necessary to specify the photographer related. Thus, the class ExclusAsigned must be associated with the class photographer. The finished exclusive is also associated to one photographer, but additionally, this finished exclusive can be invoiced. For this reason, a new class named DeliveryNoteEx,which is associated to the class ExclusFinished, is defined to generate delivery notes related to finished exclusives. The class DeliveryNoteEx has the same structure as the class DeliveryNote, and also is related to the class Invoice. Figure shows the definition of the attributes of the class DeliveryNoteEx, and Figure 81 shows a general view of the classes related to the administration of exclusives.
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Figure 80. Definition of the attributes of the class DeliveryNoteEx.
[image: image83.png]01b omp
Exc\usAigned Exc\u/sﬁmshed Tygice.
Eclusive asigniEicusive fish  Bxlusiv fishi m& N D/D o
DeliveryhioteEx
omp omp

114 s~ PABIShingHou s




Figure 81. Classes related to the administration of exclusives.
According to the structure presented in Figure 81, the event assign is the carrier event that specialises an exclusive into an assigned exclusive. While the event finish is the liberator event for assigned exclusives, and at the same time, the carrier event for exclusives finished. This last definition assures that an exclusive can not be assigned and finished at the same time. However, additional validations are needed to assure the consistency of the application at the moment of assigning and finishing an exclusive. These validations are:

· An exclusive can not be assigned if it is already assigned.

· An exclusive can not be assigned if it is finished.

· An exclusive can not be finished if it is not assigned.

A new attribute named state is defined in the class Exclusive to manage these validations. This new attribute stores information about the state of an exclusive, its values can be: “PENDING”, “ASIGNED” and “FINISHED”. 
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Figure 82. Definition for the attribute state.
Two preconditions are defined in the event assign of the class Exclusive, for the two first validations presented before. Figure 83 shows the definition of these preconditions. 
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Figure 83. Precondition for the event assign of the class Exclusive.
The event assign also must change the value of the attribute state to “ASIGNED”. To perform this operation, the valuation that is shown in Figure 84 is defined.
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Figure 84. Valuation for the assign event.

For the third validation, the event finish of the class Exclusive is defined as internal, and a new transaction in the class ExclusAssigned is defined to invoke this event. This transaction named TFINISH assures that the carrier event finish (from class Exclusive) only can be invoked from an assigned exclusive. Figure 85 shows the definition of this transaction and shows its related formula.
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Figure 85. Definition for the transaction TFINISH.
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Figure 86. Definition for the formula of the transaction TFINISH.

The event finish also must change the state of an exclusive to “FINISHED”. To perform this operation, the valuation that is shown in Figure 84 is defined.
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Figure 87. Valuation for the finish event.

Once an exclusive report is finished it can be assigned to a delivery note of exclusives.  The definition of the class DeliveryNoteEx is equivalent to the definition of the class DeliveryNote, but related to exclusive reports instead of requested reports. The next figures show the definition for the services of the class DeliveryNoteEx, giving more detail for relevant services.
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Figure 88. Services related to the class DeliveryNoteEx.
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Figure 89. Definition of the valuation for the event calcTotal.
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Figure 90. Formula for the transaction TLINKEXCLUSIVE.
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Figure 91. Formula for the transaction TUNLINKEXCLUSIVE.
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Figure 92. Precondition for the transaction TUNLINKEXCLUSIVE.
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Figure 93. Formula for the transaction TNEWDELIVNOTE.
An important validation that must be performed for the delivery notes related to exclusive and normal reports is to assure that the publishing house related to the delivery note is the same as the publishing house related to the implicated reports. This validation can be performed through an integrity rule defined in each class (DeliveryNote and DeliveryNoteEx). The integrity rules can be defined in the tab Constraint that is found in the formulary related to the definition of a class. Figure 94 and Figure 95 show the definition of required integrity rules for the classes DeliveryNote and DeliveryNoteEx respectively.
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Figure 94. Integrity rule for the class DeliveryNote.
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Figure 95. Integrity rule for the class DeliveryNoteEx.

Once the classes related to the exclusive reports have been defined, it is possible to continue with the definition of the class Invoice. The attributes of this class can be inferred from the invoice example presented in Figure 7. Figure 96 shows the definition for the attributes of the class Invoice.
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Figure 96. Attributes of the class Invoice.

The attributes invoice_number and invoice_date are representing the number of the invoice and the date respectively. These attributes are constants. The invoice_number is a unique number. The attribute invoice_number also is the OID of the class Invoice. The attribute invoice_date is a date that has as default value the system date.
The derived attributes are representing the amounts related to the invoice. These attributes are real. The derived attributes are: 

· total_exclusiv: Total price of the delivery note related to exclusive reports.

· total_reports: Total price of the delivery note related to normal reports.

· subtotal_invoice: The addition of the values of total_exclusiv and total_reports.
· taxes: The amount of taxes according to the subtotal amount (16%).

· total_invoice: The final price of the invoice, this is the addition of the subtotal and taxes.   
Figure 97, Figure 98, Figure 99, Figure 100, and Figure 101 show the derivation formulas for these attributes.
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Figure 97. Derivation formula for the attribute total_exclusiv.
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Figure 98. Derivation formula for the attribute total_reports.
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Figure 99. Derivation formula for the attribute subtotal_invoice.
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Figure 100. Derivation formula for the attribute taxes.
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Figure 101. Derivation formula for the attribute total_invoice.

To identify the publishing house related to an invoice, an association between the classes Invoice and PublishingHouse is defined. Figure 102 shows the definition of this association. 
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Figure 102. Association between classes Invoice and PublishingHouse.

The class Invoice requires the definition of the services related to the creation, deletion, and edition of an instance of the class. Figure 103 shows the definition of these services together with the shared events that manage the associations defined between the class Invoice and the classes DeliveryNote and DeliveryNoteEx.
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Figure 103. Initial definition of the services for the class Invoice.

Similar to delivery notes that require at least one report related, an invoice must have at least one delivery note related. For this reason a new transaction named TNEWINVOICE is defined to create a new invoice, and the original creation event create_invoice is defined as internal. Figure 104 shows the definition of this transaction, and Figure 105 shows its formula. 
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Figure 104. Definition for the transaction TNEWINVOICE.
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Figure 105. Formula of the transaction TNEWINVOICE.

In the formula of the transaction TNEWINVOICE, the conditions to execute the shared events for the creation of associations with exclusives and normal reports can be observed. These conditions are represented with parenthesis “{}”, and are defined because an invoice must have at least one delivery note independently if is an exclusive delivery note or a normal delivery note. The conditions are assuring that if an exclusive delivery note (or a normal delivery note) is not specified at the moment of create a new invoice, the operation to establishing the corresponding link is not performed.
The input arguments pt_p_evcDeliveryNote and pt_p_evcDeliveryNoteEx of the transaction TNEWINVOICE must accept null values. Figure 106 shows an example of this definition.
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Figure 106. Definition for the argument pt_p_evcDeliveryNot accepts null values.

A precondition is required for the shared events unlinkDeliveryNote and unlinkDeNoteEx in order to prevent remove a delivery note if there is only one related to the invoice. In this case the precondition formula is the same for both events. Figure 107 shows the precondition for the event unlinkDeliveryNote.
[image: image109.png]Classes: [ inveice.

Sevices: | § unlkDeliviote

Formua
OUNT Devepiio

Agert classes | Ertor message

Commerts

Forma:

(COUNT (Deliverote] + COUNT DelveryNoteEs 1> 1

Ertor message:

[“The delivery note can ot be emoved”

Commerts:





Figure 107. Precondition for the event unlinkDeliveryNote.

An integrity rule must be defined to validate that the delivery notes and the invoice have the same publishing house. Figure 108 shows this constraint.
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Figure 108. Integrity rule for the class Invoice.

With this integrity rule, the definition of the object model and the functional model, which comprise the conceptual model for this case study, is complete. The last paragraph of the definition of the case study do not provides additional information for the related conceptual model. This paragraph is: “At beginning of each month, the Commercial Department reviews all the delivery notes in order to send to each publishing house an invoice for all the photo reports and exclusives that they have request (see Figure 7). Also, the payment to the photographers is performed every month. To perform this payment, the delivery notes related to delivered reports are reviewed, and the corresponding rates are applied. Next, a nominal check by an amount that corresponds to the total of the commissions that must be paid to the photographer is sent to him”.

Finally, Figure 109 shows a general view of the conceptual model:
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Figure 109. Conceptual model of the Photography Agency.

The conceptual model presented above has all the specification related to the object model and the functional model. Since the Photography Agency does not has particular conditions related to the dynamism of the system, the state transition diagrams for each class are defined with three states: initial, intermediate, and final. For each object, the creation service allows the transition from the initial state to the intermediate state. Also, for each object, the deletion service allows the transition from the intermediate state to the final state. Finally, all the services of each object can be executed in the intermediate state. For instance, Figure 110 shows the state transition diagram for the Level class. 
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Figure 110. State transition diagram for the class Level.

The state transition diagram is similar for all the classes defined in the object model. In addition, the diagram related to the Photography Agency does not need the definition of triggers. Therefore, once the state transition diagrams have been defined, the dynamic model is complete.

Last of all, the presentation model for the Photography Agency application is not presented in this technical report by reasons of brevity.
Execution Model of the Photography Agency

In this section, the execution model obtained from the conceptual model previously described for the photography agency case study is presented. The execution model describes how users will access the system, which options will be available once a session has been started, what sequence of actions must be performed in order to execute a service, and so on [8]. To do this, in the execution model are specified three different aspects: the system access, the system view, and the system interaction (queries or activation/execution of services).

The system access determines who can start a session (login) in the application, and which actions can be performed by each logged user. This information is modelled as agents of classes in the conceptual model. In the Photography Agency conceptual model can be observed three agents: TechnicalDep class, CommercialDep class, and ProductionDep class. Figure 111 shows the initial login window that allows the selection of the agent to start a session in the Photography Agency application.
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Figure 111. Selection of agent to start a session in the Photography Agency application.

The system view determines the scenarios that must be available for the user that starts a session in the application. To do this, the views and the agents related to each view must be defined. For the presented case study, one view named GeneralView is defined for all the agents (see Figure 112). 
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Figure 112. View for the Photography Agency application.

Each view contains a group of selected interaction units of the presentation model. More details of the presentation model can be found in [4]. 

Depending of the type of user authenticated, the compilation strategy disables the scenarios that are not available for this user. For instance, the CommercialDep agent can edit the prices of the class Level (see Figure 113), and the other agents (TechnicalDep and ProductionDep) do not have available this service (see Figure 114).
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Figure 113. edit_prices service of the Level class for the CommercialDep agent.

[image: image116.png]S

i

min_equiprment

pice_pay_phot

pice_chaige_pub

<

o





Figure 114. Class Level is not available for TechnicalDep and ProductionDep agents.

The system interaction determines the way in which the system reacts to the user actions. The user actions can be service execution (which modifies the system state) or query execution (which reads the system state). 

The service execution is structured in two phases: the construction of the message, and the execution of the service itself. The construction of the message comprises (1) the identification of the object if the service is not a creation service, and (2) the introduction of the values to the arguments of the service. The execution of the service comprises (1) send the message to the object server, (2) check the state transition caused by the service, (3) check the preconditions, (4) execute event evaluations or execute the services contained in the transaction, (5) check integrity constraints of the object modified, (6) perform the object modifications, (7) check trigger conditions and execute the appropriate services, and (8) report of the execution result. 

For instance, for a particular delivery note that has one request, the construction of the message for the execution of the service TUNLIKREPREQ occurs as follows:

(1) Identification of the object: Corresponds to the identification of the delivery note with identification 1 (see Figure 115).
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Figure 115. An object of the class DeliveryNote.

(2) Introduction of the values to the arguments of the service: The arguments that must be entered are the delivery note and the report request (see Figure 116).
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Figure 116. Arguments of the service TUNLIKREPREQ.

Next, the execution itself of the service TUNLIKREPREQ occurs as follows: 
(1) Send the message to the object server: the message is sent when the user presses the button OK.

(2) Check the state transition: when the service TUNLIKREPREQ is executed, the object continues in the intermediate state (Figure 117).
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Figure 117. State Transition Diagram of the class DeliveryNote.

(3) Check the preconditions: this service has a precondition to prevent that the delivery note does not have a report related. Since the instance of the delivery note only has one report related, the precondition sends an error message to the user (see Figure 118).
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Figure 118. Error message of the precondition of the service TUNLIKREPREQ of the class DeliveryNote.

The following steps in the execution of the service TUNLIKREPREQ are not performed because the precondition in the step (3) does not allow the execution of the service. 
Another service execution is the execution of the service linkDelivNote of the class Invoice. For this service, the construction of the message occurs as follows:

(1) Identification of the object: This corresponds to the identification of the invoice with identification 1 (see Figure 119). 
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Figure 119. An object of the class Invoice.

(2) Introduction of the values to the arguments of the service: The arguments that must be entered are the invoice and the delivery note (see Figure 120).
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Figure 120. Arguments of the service linkDelivNote.

Next, the execution itself of the service linkDelivNote occurs as follows: 
(1) Send the message to the object server: the message is sent when the user presses the button OK.

(2) Check the state transition: when the service linkDelivNote is executed, the object continues in the intermediate state (Figure 121).
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Figure 121. State Transition Diagram of the class Invoice.

(3) Check the preconditions: this service does not have preconditions.

(4) Execute event evaluations or execute the services contained in the transaction: since the service linkDelivNote is an event, in this step the valuations are executed. This service creates an association between the invoice 1 and the delivery note 1.

(5) Check integrity constraints: the class Invoice that contains the service linkDelivNote has an integrity constraint to assure that the publishing house of the invoice is the same as the publishing house of the delivery note. In this case, the publishing house of the invoice is E346 (Figure 122), and is the same as the publishing house of the delivery note (Figure 123).
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Figure 122. Publishing house E346 for the invoice 1.
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Figure 123. Publishing house E346 for the delivery note 1.

(6) Perform the object modifications: in this step, the delivery note 1 is associated with the invoice 1.

(7) Check trigger conditions: the service linkDelivNote does not have related triggers.

(8) Report of the execution result: Once the service linkDelivNote is executed, the invoice calculates the totals and shows the new values (see Figure 124).
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Figure 124. Result of an invoice linked with a delivery note.

On the other hand, the query execution is also structured in two phases: the construction of the message, and the execution of the query itself. The query execution is based in the presentation model, for this reason, the query execution will be explained in another technical report (together with the presentation model). 
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