Hansel und Gretel

on Application Design

Hans Janssens

Hansel: 
Imagine … a world without applica​tion programming.

Gretel: 
You must be kidding!

Hansel und Gretel have been application devel​op​ers for many years. They've known the days of Fortran and Cobol. They successfuly made the switch to relational databases and fourth gener​ation lan​guages. But still they find them​selves writing code all the time, loosing their way in numerous technical details, misunderstanding end-users and being misunderstood by them.

Hansel: 
Remember that documentation man​agement system I wrote a few years ago? After two days of discussing the system with the users and writing down a 20 page appli​ca​tion definition, it took me more than 10 days to actually build it. 

Gretel: 
That was MS Access you were using?

Hansel: 
Yes, and I like that product. That is not the problem.

Gretel: 
So, then what's the problem? With Cobol it would have taken even longer. 

Hansel: 
And still, there must be a better way. Once the application definition is done, there is a lot of code to be written: validation rules, macros, SQL quer​ies and many pages of Vis​u​al Basic. Then, if some​thing needs to be changed or if there is an error, you have to look in so many different places. Some​times I dream of a sys​tem that gener​ates the applica​tion straight from the applic​ation definition document. Not only would that re​duce the to​​tal devel​opment effort by 80 %, but it would also make the system infinitely more transparant.

Gretel: 
But you cannot expect a system to read any application definition and produce a working application from it, can you? Application definition docu​ments are too un​structured for that.

Hansel: 
Not really. I use a certain syn​tax when writing an application de​fi​ni​tion. You see, the application has entities, forms and re​ports. Each entity has attributes, and re​la​​tion​ships. Each form and re​port has a num​ber of fields. Forms also have buttons. Then, each attri​bute has a for​mat, a descrip​tion, and some​times a vali​da​tion rule or a for​​mula to com​pute it. For the fields on forms and re​ports …

Gretel: 
I got the idea. I can see that the elements of an application definition fit into some struc​ture, and that there can be a strict syn​tax for for​mu​las and vali​da​tion rules, but you cannot avoid narrat​ive des​criptions? These are free text, I as​sume.

Hansel: 
Of course, but they only explain the use of the system and the meaning of its el​ements, they do not actually specify some​thing. So those descriptions can be disregard​ed when the application is generated. 

Gretel: 
How about using them as help text?

Hansel: 
A brilliant idea, Gretel!

Gretel: 
I still have a copy of your docu​mentation management system some​where in my files. I'll have a look at it. 

Hansel: 
No, don't, that's old stuff. I started work on a new application for another cus​tomer. It's a time registration system for the workers in a steel plant. Their current system is outdated.

Gretel: 
Time registration … I know that kind of problem. The workers are paid by the hour. They clock in when they come, and clock out when they go. They work in shifts, sometimes are on leave, sometimes work over​time, come late or go early, occasionally forget to clock, etc. It's not easy!

Hansel: 
Not easy? It's a mess! And to make it even worse, that company's clock system does not distinguish bet​ween come and go: that has to be inferred from the shift plan. No wonder I haven't done much yet. Any​way, tomorrow I'll bring you a copy of what I've got.

Gretel: 
That's fine. See you!

The next day, Hansel shows this application defi​nition to Gretel.

	
Time Registration 
at Oberstein Steel Works, 
Version 1

	This application, for which the acronym TROS was chosen, hand​les the time registration of the workers in the production dep​artments of Ober​stein Steel Works. Its major purpose is to deter​mine the number of hours worked per day, so that wages can be calcula​ted correctly.

	
Entity Department

	Each department manages its own time regis​tration. So it is important to know to which de​partment a worker belongs.

	Attribute Department Code, text 3

	A department code uniquely idientifies a de​part​ment. E.g. FUR is for the furnaces, CAS for the continuous caster, etc. These codes have been chosen a long time ago. The departments never change, and no form is foreseen to maintain them.

	Attribute Department Name, text 30

	
Entity Employee

	Employees are either workers or staff mem​bers. The present system deals primarily with the work​ers.

	Attribute Employee Number, integer 5

	Employees are identified by a 5 digit num​ber. This number never changes, and neither can it be reassigned to another employee.

	Relationship Department

	Attribute First Name, text 10

	Attribute Last Name, text 30

	Attribute Full Name
computed as First Name & SP & Last Name

	Most of the time, the full name of an employee is used, e.g. on paper forms and reports. The full name consists of the first name followed by the last name, with a blank space in between. For official purposes, the order of first and last name is reversed and a comma is put between them.

	Attribute Official Name
computed as Last Name & ", " & First Name

	See under Full Name. 

	Attribute Type, text 1

	The employee type can be W for worker or S for staff. Other values are forbidden.

	Attribute Hourly Wage, decimal 3.2

	Hourly wages are assigned to the workers in function of their skills and productivity. These wages change from time to time. Much care is to be taken to enter such changes at the right time, so that new hours are not valued with old wages and vice versa.

	
Form Employees

	This form is for maintaining employee data.

	Source Employee

	


Gretel: 
That's all?

Hansel: 
I am just beginning. Thus far I've done only two entities and just one form. Note that relationships are defined in the entity at the ma​ny end

Gretel: 
It is pretty easy to understand. I as​sume users like it.

Hansel: 
Yes, it provides a good basis for dis​cussion. I've always worked this way. It re​quires some effort and discipline, but sys​tems built from such a specification are just better, I find.

Gretel: 
The way you handled the time-depen​​dency of the hourly wages is far from neat, though.

Hansel: 
You mean the attribute Hourly Wage in the Employee entity? I am not happy with it neither. It's that eternal problem of time in re​la​tional databases. In this case there really should be an extra entity with the history of the hour​ly wages. But that's quite a compli​ca​tion. Each time you need a worker's wage, you have to take into account the date and bring in that history entity. Such extra en​ti​ties are just a pain …

Gretel: 
I can already spot another such his​to​ry entity. Do the workers ever change de​part​ments?

Hansel: 
All the time, and it has been a source of much trouble! If the change is not entered at the right time, the worker is still on the list​ings of department A, while its time regis​tration should be managed by de​part​ment B. 

Gretel: 
So there is a need for an entity re​cord​​ing the history of the assignments …

Hansel: 
Oh, go away!

Hansel returns to his cubicle, and Gretel dreams away. There must be a better way, she keeps re​peating to herself. There must be a better way … Several months later they meet again.

Gretel: 
Let me show you something. I've writ​ten a program that generates an ap​plic​ation from your specification.

Hansel: 
Come on …

Gretel: 
No, really, though it was not easy. I still have to do some debugging, but in gene​ral it works. I had to make a few changes to your spe​cification docu​ment, though. It now looks like this.

	
Time Registration 
at Oberstein Steel Works, 
Version 2

	
Application TROS

	Description. This application, for which the acronym TROS was chosen, han​dles the time registration of the wor​kers in the production de​part​ments of Oberstein Steel Works. Its major purpose is to determine the number of hours worked per day, so that wages can be calculated correct​ly.

	
Entity Department

	Description. Each department man​ages its own time registra​tion. So it is important to know to which department a worker be​longs.

	Unique ID Department Code

	Attribute Department Code, text 3

	Description. A department code uniquely idientifies a depart​ment. E.g. FUR is for the fur​naces, CAS for the continuous caster, etc. These codes have been chosen a long time ago. The de​partments never change, and no form is foreseen to maintain them.

	Attribute Department Name, text 30

	
Entity Employee

	Description. Employees are either workers or staff members. The pres​ent system deals primarily with the workers.

	Unique ID Employee Number

	Attribute Employee Number, integer 5

	Description. Employees are iden​ti​fied by a 5 digit number. This num​ber never changes, and nei​ther can it be reassigned to an​other emplo​yee.

	Relationship Department

	Attribute First Name, text 10

	Attribute Last Name, text 30

	Attribute Full Name

	Description. Most of the time, the full name of an employee is used, e.g. on paper forms and reports. The full name consists of the first name followed by the last name, with a blank space in between. For official purposes, the order of first and last name is reversed and a com​ma is put between them.

	Com​puted as 

First Name & SP & Last Name

	Attribute Official Name

	Description. See under Full Name. 

	Computed as 

Last Name & ", " & First Name

	Attribute Type, text 1

	Description. The employee type can be W for worker or S for staff. Other values are forbid​den.

	Validation 
Check: Type = W or Type = S
Error: Only the values W and S are allowed.

	Attribute Hourly Wage, decimal 3.2

	Description. Hourly wages are as​signed to the workers in func​tion of their skills and produc​tivity. These wages change from time to time. Much care is to be taken to enter such changes at the right time, so that new hours are not val​​ued with old wages and vice versa.

	
Form Employees

	Description. This form is for main​taining employee data.

	Source Employee

	End Application TROS

	



Hansel: 
But you took away all the format​ting! The users won't like that. That format​ting very much increases the readability of the specification.

Gretel: 
Gee, I didn't know it was that im​por​tant. By next time you'll get your format​ting back. My generator will then take any MS Word document as its input, instead of just dot-txt files.

Hansel: 
Tell me what is generated.

Gretel: 
Well, the generator produces an MS Access application Tros.mdb with two tables, a relationship between them and a form. Be​cause of the relationship, an at​tribute Depart​ment Code is added to the Employee table. The validation of the Type of an employee is put in an AfterUpdate procedure, and for the computed attri​butes function pro​cedures are generated that can be used on forms and re​ports. The descriptions are put in the help file Tros.hlp.

Hansel: 
Can I show an employee's full name on a form?

Gretel: 
No problem, just add the line

Field  Full Name
Hansel: 
That sounds wonderful. Show me.

Gretel starts the application and Hansel tries a few things. Then she adds the line


Field  Full Name 

to the Employees form and recompiles the ap​plication in about 15 seconds.

Hansel: 
Wow, this works! And response times are good. If I'd written it by hand, it wouldn't run faster. 

Gretel: 
Also the generation process is fast. I did some tests and I found on the aver​age it generates en​ti​ties, forms and reports in less than 5 seconds a piece on a plain Pentium. 

Hansel: 
It would have taken me half a day. It just isn't fair! But then, what you've done thus far isn't that special. I am sure there ex​ist products that do the same. 

Gretel: 
Oh well, this is only a first proto​type. I can't do everything at once!

Hansel: 
And those screens are not especially fancy.

Gretel: 
That is how they are generated. But you can modify the lay-out as you please.

Hansel: 
And then loose all my modifica​tions each time I regenerate the applica​tion? No, thanks!

Gretel: 
I thought about that too. Don't wor​ry. You see, the generator actually has two inputs. One is the application definition text, the other is the previously generated version of the applic​a​tion, if there is one of course. In generating the next version, all changes in the lay-out of the previous version are pre​served. Also all data records that exist are transferred from the old to the new version.

Hansel: 
Something else, what about the pro​blem of time in relational databases?

Gretel: 
I haven't worked on that yet, but I have a few ideas. Remember those computed attributes, like Full Name and Official Name ?

Hansel: 
 Yes, that's nice. You told me you gen​erate func​tion procedures for them, so that they are not stored.

Gretel: 
Correct. Now let's add a wage his​to​ry entity and assume that in the Em​​ployee en​ti​ty you can define a computed attri​bute with today's wage, like: 

Attribute Today's Wage, computed as …
Hansel: 
That would be nice. It would surely help, but it doesn't quite solve the problem of time in relational databases. What I really need in the Employee entity is: 

Attribute Wage (t), computed as …
Gretel: 
Wait a second, do you want Wage (t) to mean the wage in function of time? So that in ex​pres​sions you can sub​stitute t by any date?

Hansel: 
Precisely! Can you do that: com​pu​ted attri​butes that are actually func​tions?

Gretel: 
That's uncharted land for me. But give me some time.

Gretel realizes that the introduction of functions as computed attributes would be a major step for​ward. She realizes that a lot of  programming is equi​valent to such computed attributes, which could mean that much if not all of the pro​gram​ming can be specified in the application defini​tion, without the need for further coding. Some​what confused she returns home that night. The next day she con​tinues work on her generator, and again a few months later she shows the fol​lowing document to Hansel.

	
Time Registration 
at Oberstein Steel Works, 
Version 3

	
Application TROS

	Description. This application, for which the acro​nym TROS was chosen, handles the time registration of the workers in the production departments of Oberstein Steel Works. Its major purpose is to determine the number of hours worked per day, so that wages can be calcu​la​ted correctly.

	
Entity Department

	Description. Each department manages its own time registration. So it is important to know to which department a worker be​longs.

	Unique ID Department Code

	Attribute Department Code, text 3

	Description. A department code uniquely identi​fies a department. E.g. FUR is for the furnaces, CAS for the continuous caster, etc. These codes have been chosen a long time ago. The depart​ments never change, and no form is foreseen to maintain them.

	Attribute Department Name, text 30

	
Entity Employee

	Description. Employees are either workers or staff members. The present system deals pri​mar​ily with the workers.

	Unique ID Employee Number

	Attribute Employee Number, integer 5

	Description. Employees are identified by a 5 di​git number. This number never changes, and neither can it be reassigned to another em​ployee.

	Attribute Department Code (t)

	Computed as  
Assignment (Employee Number, t) . Department Code

	Attribute First Name, text 10

	Attribute Last Name, text 30

	Attribute Full Name

	Description. Most of the time, the full name of an employee is used, e.g. on paper forms and reports. The full name consists of the first name followed by the last name, with a blank space in between. For official pur​poses, the order of first and last name is re​versed and a comma is put between them.

	Computed as  First Name & SP & Last Name

	Attribute Official Name

	Description. See under Full Name. 

	Computed as  Last Name & ", " & First Name

	Attribute Type, text 1

	Description. The employee type can be W for worker or S for staff. Other values are for​bid​den.

	Validation Check:: Type = W or Type = S
Error: Only the values W and S are allowed.

	Attribute Hourly Wage Amount (t)

	Computed as  
Hourly Wage (Employee Number, t) . Amount 

	
Entity Assignment

	Description. This entity registers the assign​ment of an employee to a department as of a certain date. 

	Unique ID Employee, Assignment Date, lower limit

	Relationship Employee

	Attribute Assignment Date, YMD

	Description. The assignment date marks the day from which the employee is assigned to the department referred to. The assignment ends when a new assignment takes over. 

	Attribute Assignment End Date

	Computed as  Nxt . Assignment Date - 1

	Relationship Department

	
Entity Hourly Wage

	Description. This entity registers the hourly wage of a worker as of a certain date. 

	Unique ID Employee, Begin Date, lower limit

	Relationship Employee

	Attribute Begin Date, YMD

	Description. The begin date marks the day from which the hourly wage is valid. It re​mains valid until a new hourly wage takes over. 

	Attribute End Date

	Computed as  Nxt . Begin Date - 1

	Attribute Amount, decimal 3.2

	Description. Hourly wages are assigned to the workers in function of their skills and producti​vity. These wages change from time to time. As long as a new hourly wage is en​tered before it actually becomes valid, there is no danger that new hours will be valued with old wages.

	
Form Employees

	Description. This form is for maintaining em​ployee data.

	Source Employee

	Field Full Name

	
End Application TROS

	


Hansel: 
Let me see. Because an employee can change departments, not only are there many employees per department, but also can each employee in the course of time be related to many departments. 

Gretel: 
Correct! On the surface it looks like a regular one-to-many relationship, or a parent-child relationship, from de​part​​ment to em​ployee, but actually it is a many-to-ma​ny relation​ship. That hap​pens often when his​torical data has to be registered.

Hansel: 
And to resolve the many-to-many relationship, you added the intersection en​tity Assignment. The bad news is that by do​ing so, you loose the direct refe​rence to a de​partment in the employee entity. 

Gretel: 
That pro​blem is solved by the computed attri​bute Department Code (t) that is added at the employee level. 

	Attribute Department Code (t)

	Computed as  
Assignment (Employee Number, t) . Department Code




Hansel: 
The formula is quite interesting.

Gretel: 
I don't think the fomula is hard to un​derstand. In its two parts

Assignment (Employee Number, t) . 

Department Code
one easily recognizes the general form 

Entity . Attribute
of an attribute qualified by the entity it be​longs to. Then, as an assignment is unique​ly identified by an employee and a date, 

Assignment (Employee Number, t)
navigates to the assignment wanted.

Hansel: 
Assume I also want today's assign​ment …

Gretel: 
Then there are two options. First, each time you need today's assign​ment you can use the expression 

Department Code (Today)
or in the employee entity you can define a new attribute for the pur​pose:

Attribute  Today's Department Code 

Computed as  Department Code (Today)
Hansel: 
Looks good to me! Say, some​thing else, for me as a programmer it's quite un​usual to see blank spaces in enti​ty and attri​bute names. And there seems to be no need to enclose them in square brackets, as is the case with MS Access?

Gretel: 
Yep. Your remark last time about read​ability made me think. We should try to keep an applica​tion defini​tion as close as pos​sible to natural language usage. That way users will find it easier to read and under​stand. 

Hansel: 
Grace Hopper had the same idea when she developed Cobol. It failed.

Gretel: 
I know, but I'd like to try it again.

Hansel: 
And again it will fail.

Gretel: 
Oh well …

Hansel: 
Anyway, I like the style of your ex​pres​sions. If for instance I want to know in an expression the name of the department with code FUR, I just write

Department ("FUR") . Department Name
Right?

Gretel: 
Right! And if you want, you can even leave out the quotes. As long as there is no ambi​guity, they are not needed to enclose char​ac​ter strings. So

Department (FUR) . Department Name
will work as well.

Hansel: 
Again trying to make it more natu​ral to users?

Gretel: 
Yes.

Hansel: 
I see the definition of an em​plo​yee's hour​ly wage amount is similar to the defini​tion of his de​partment.

	Attribute Hourly Wage Amount (t)

	Computed as  
Hourly Wage (Employee Number, t) . Amount 




Gretel: 
That's it. Dit you notice there is a catch in both cases?

Hansel: 
No, tell me.

Gretel: 
You see, when you write

Department (FUR) . Department Name
then you mean to navigate to the Department whose code is equal to FUR.

Hansel: 
Of course, that's evident.

Gretel: 
But when you write, say

Hourly Wage (30152, 15-Feb-2000) . Amount
to get the hourly wage of employee 30152 on 15-Feb-2000, chances are small you'll have a cor​responding registration in the Hourly Wage table.

Hansel: 
Oh dear, you're right! Unless there was a change in hourly wage exactly on that date of 15-Feb-2000, no hourly wage amount will be found.

Gretel: 
Take a closer look at the unique iden​tification of the entities Assignment and Hourly Wage. The addition of lower limit says that an exactly matching date is not needed.


	Entity Assignment

	… 

	Unique ID Employee, Assignment Date, lower limit

	… 

	Entity Hourly Wage

	… 

	Unique ID Employee, Begin Date, lower limit

	… 



Hansel: 
Marvellous! Is that mechanism re​stric​ted to dates, or can I use it also for, say, a discount scheme: who buys 5 pieces or more gets an 8 % discount, who buys 10 pieces or more gets 12 %, etc.?

Gretel: 
So you want an entity Discount, more or less like this:


	Entity Discount

	Attribute Quantity, integer 

	Unique ID Quantity, lower limit

	Attribute Percentage, decimal 2.2

	… 



Hansel: 
That's it. And the discount for any number of pieces n would be given by the at​tri​bute


	Attribute Discount Percentage (n)

	Computed as  Discount (n) . Percentage




Gretel: 
No problem.

Hansel: 
But there is a problem: to which en​ti​ty does this computed attribute belong? 

Gretel: 
Uh …

Hansel: 
Aha, gotcha!

Gretel: 
Unless, of course, we would allow computed attributes at the application level.

Hansel: 
It seems you really have a solution for every​thing!

Gretel: 
Perhaps, but let's see whether you can now solve that time registration pro​blem.

Hansel: 
I'll give it a try. See you.

Gretel: 
See you.

Two days later Hansel has produced an applica​tion definition document for the time registration pro​blem. It takes Gretel's generator less than two minutes to produce a working application from it. A few hours with the users is enough, then, for Hansel to adjust the lay-out of the forms and re​ports to their wishes.


The text of the application definition follows be​low. The application as generated and a (still bug​gy and incomplete) version of the generator are avail​able to the interested. Just send an e-mail to hans.janssens@vanda.be.

	
Time Registration 
at Oberstein Steel Works, 
Version 4

	
Application TROS

	Description. This application, for which the acronym TROS was chosen, handles the time regis​tration of the workers in the production depart​ments of Oberstein Steel Works. Its major purpose is to determine the number of hours worked per day, so that wages can be calcula​ted correctly.
Em​ployees record their clock-in and clock-out times via the badge readers near the entrance of the building. A system separate from the pres​ent application transfers those times to the {Time Event} table. Whether a time event is a clock-in or a clock-out is not indicated by the badge readers. This information is to be infer​red from the shift plan. An important task, then, of the present application is to make a best guess in character​izing each time event as a clock-in or a clock-out. This can be tricky, as employees sometimes come or go early or late, can be absent for a day or half a day, sometimes forget to clock, etc.

	Note. Braces {} around an entity or attri​bute name make it a hot spot in the resulting help text. (Notes such as this one, unlike descriptions, are not in​cluded in the help text.)

	
Entity Department

	Description. Each department manages its own time registration. So it is important to know to which department a worker be​longs.

	Unique ID Department Code

	Attribute Department Code, text 3

	Description. A department code uniquely identi​fies a department. E.g. FUR is for the furnaces, CAS for the continuous caster, etc. These codes have been chosen a long time ago. The depart​ments never change, and no form is foreseen to maintain them.

	Note. For readability, periods, commas, colons and semicolons can be added about anywhere in the application definition text.

	Attribute Department Name, text 30

	Rows
(Department Code, Department Name)

(ORE, Iron ore and raw materials)

(FUR, Furnaces)

(CAS, Continuous caster)

(MIL, Hot rolling mill)

(SHP, Shipping)

(ADM, Administration)

	Note. These rows are loaded in the department table when the application is generated.

	
Entity Employee

	Description. Employees are either workers or staff members. The present system deals pri​mar​ily with the workers.

	Unique ID Employee Number

	Attribute Employee Number, integer 5

	Description. Employees are identified by a 5 di​git number. This number never changes, and neither can it be reassigned to another em​ployee.

	Note. To keep the application definition readable to the end users, it is suggested not to abbre​viate names of entities, attributes and other ob​jects. 
Names are not case-sensitive. Spaces, apo​stro​phes, hy​phens and underscores in names are not taken into account, so Em​ployee Number is syn​o​nymous with EmployeeNumber, Employee-Number and Em​ployee_Number. Leaving out the spaces can be con​venient, however, when writing expres​sions. It avoids that parts of a name are recog​nized as reserved words. Another option to avoid am​biguities is to put a name between square brack​ets, like [Employee Number]. 

	Attribute Department Code (t)

	Computed as  
Assignment (Employee Number, t) . Department Code

	Attribute First Name, text 10

	Attribute Last Name, text 30

	Attribute Full Name

	Description. Most of the time, the full name of an employee is used, e.g. on paper forms and reports. The full name consists of the first name followed by the last name, with a blank space in between. For official pur​poses, the order of first and last name is re​versed and a comma is put between them.

	Computed as  First Name & SP & Last Name

	Attribute Official Name

	Description. See under {Full Name}. 

	Computed as  Last Name & ", " & First Name

	Attribute Date Entered, YMD

	Description. This is the date of the employee's entering the company. If an employee leaves and later re-enters the company, he gets a new {employee number}, and is considered a differ​ent person.

	Attribute Date Left, YMD

	Description. This is the date of the employee's leaving the company. Of course, as long as an employee is with the company, this date will be blank. When an employee is going to leave, the date left can be entered as soon as it is known.

	Attribute Type, text 1

	Description. The employee type can be W for worker or S for staff. Other values are for​bid​den.

	Validation Check:: Type = W or Type = S
Error: Only the values W and S are allowed.

	Attribute Hourly Wage Amount (t)

	Computed as  
Hourly Wage (Employee Number, t) . Amount 

	Attribute Badge Number (t)

	Computed as  
Badge Assignment . Badge Number 
Where t Between Valid From And Valid To

	Note. The formula above navigates to a child entity, in which case one of the usual aggregate functions (sum, avg, min, etc.) should be used, at least in principle. If the aggregate function is omitted, then a child record is taken at random. In the present case, however, there is a valida​tion rule in the badge assignment entity to make sure that at any moment in time there is at most one badge assigned to an employee. So a ran​dom pick still gives the correct badge number, under the given Where condition (Where t Between Valid From And Valid To), of course.

	Attribute Schedule (t)

	Computed as 
Schedule Assignment (Employee Number, t) . Schedule ID

	Attribute Schedule Length (t)

	Computed as 
Schedule Assignment (Employee Number, t) . Length

	Attribute Schedule Reference Date (t)

	Computed as 
Schedule Assignment (Employee Number, t) . Reference Date

	Attribute Normal Shift (t)

	Computed as 
Master Schedule Day (Schedule (t), Modulo(t – Schedule Reference Date(t) + 1, Schedule Length (t))) . Shift Code

	Attribute Come Time (t)

	Computed as 
Shift (Shift Code(t)) . Begin Time

	Attribute Go Time (t)

	Computed as 
Shift (Shift Code(t)) . End Time

	
Entity Assignment

	Description. This entity registers the assign​ment of an {employee} to a {department} as of a cer​tain date. An assignment ends when a new one takes over, or when the employee leaves the company.

	Unique ID Employee, Assignment Date, lower limit

	Relationship Employee

	Relationship Department

	Attribute Assignment Date, YMD

	Description. The assignment date marks the day from which the employee is assigned to the department referred to. The assignment ends when a new assignment takes over. 

	Attribute Assignment End Date

	Computed as  
MinNonBlank(Employee . Date Left, 


Nxt . Assignment Date – 1) 

	Note. Because there is no ambiguity, qualifying the attribute Date Left with its entity Employee is op​tional.
The predefined function MinNonBlank gives the lowest non-blank value of a given list. If all values of that list are blank, then of course MinNonBlank returns blank as well.

	
Entity Hourly Wage

	Description. This entity registers the hourly wage of a worker as of a certain date. 

	Unique ID Employee, Begin Date, lower limit

	Relationship Employee

	Validation 
Check: Type = W
Error: "An hourly wage can only be given to a worker, not to a staff member."

	Attribute Begin Date, YMD

	Description. The begin date marks the day from which the hourly wage is valid. It re​mains valid until a new hourly wage takes over. 

	Attribute End Date

	Computed as  
MinNonBlank(Employee . Date Left, 


Nxt . Begin Date – 1)

	Attribute Amount, decimal 3.2

	Description. Hourly wages are assigned to the workers in function of their skills and producti​vity. These wages change from time to time. As long as a new hourly wage is en​tered before it actually becomes valid, there is no danger that new hours will be valued with old wages.

	
Entity Badge, Computed

	Note. Whereas a regular entity is implemen​ted as a table, a computed entity is implemen​ted as a query. The only columns of this query are the key at​tribu​tes of the computed entity. There can be no non-computed non-key attributes. The rows of the query are derived from the relation​ships the computed entity partici​pates in, either as a par​ent or as a child. In the present case, there is a rela​tionship from the badge assign​ment entity, and the query result will have one row per badge number known in that entity.

	Unique ID Badge Number

	Attribute Badge Number, integer 4

	Description. Each badge has its own unique num​ber, which is limited to 4 digits.

	Attribute Employee Number (t)

	Computed as  
Badge Assignment . Employee Number 
Where t Between Valid From And Valid To

	
Entity Badge Assignment

	Description. A badge assignment links a badge to an employee. Some​times an employee looses his badge, upon which he receives a new one. A badge that is no longer in use is often re​assigned to another employee after some time. Note that badges are not necessarily assigned all the time, neither do employees always have a badge. In​deed, if they are away from the plant for a long time (illness, travel, …) their badge can be with​held.

	Unique ID Badge, Valid From, lower limit

	Note. Another possible unique ID would be the combination of Employee and Valid From. It is largely a matter of choice. However, the com​bi​nation of Badge and Valid From allows the Badge Assignment entity to be a parent of the time events.

	Relationship Badge

	Note. In a relationship to a computed entity no referential integrity checking is needed.

	Relationship Employee

	Attribute Valid From, YMD

	Description. The Valid From date marks the day from which the badge assignment is valid. This date is mandatory. 

	Validation 
Check: Valid From > (Within Badge Number Prv Valid From) . FstNonBlank(Valid To, 31-Dec-9999)
Error: "This badge with number " & Badge Number & " is still assigned to employee " & (Within Badge Number Prv Valid From).. (Employee Number & " (" & Full Name  & ").")

	Note. The function FstNonBlank gives from a list of arguments the first one that is not blank. It is used here to interpret a blank Date To as a date far, far away in the future. Similar functions are LstNonBlank, MaxNonBlank and MinNonBlank.

	Validation 
Check: Valid From > (Within Employee Number Prv Valid From) . FstNonBlank(Valid To, 31-Dec-9999)
Error: "The employee " & (Within Badge Number Prv Valid From).. (Employee Number & " (" & Full Name  & ").")  & " still has the badge with number " & Badge Number & ". An employee cannot have two badges at the same time."

	Attribute Valid To, YMD

	Description. The Valid To date specifies the last day that the badge assignment is valid. This date can be left blank, meaning that no Valid To date is as yet known.

	Validation 
Check: FstNonBlank(Valid To, 31-Dec-9999) < (Within Badge Number Nxt Valid From).. Valid From
Error: "This badge with number " & Badge Number & " is already assigned to employee " & (Within Badge Number Nxt ValidFrom).(Employee Number & " (" & FullName  & ").")

	Validation 
Check: FstNonBlank(Valid To, 31-Dec-9999) < (Within BadgeNo Nxt ValidFrom).. ValidFrom
Error: "The employee " & (Within Badge Number Nxt Valid From).. (Employee Number & " (" & Full Name  & ").")  & " already has the badge with number " & Badge Number & ". An employee cannot have two badges at the same time."

	
Entity Shift

	Description. The four possible shifts are Day, Early, Late and Night.

	Unique ID Shift Code

	Attribute Shift Code, text 1

	Description. At Oberstein Steel Works shifts are traditionally abbreviated by their first letter.

	Attribute Begin Time, HM

	Attribute End Time, HM

	Rows (Shift Code, Begin Time, End Time)

(D, 09:00, 17:00)

(E, 06:00, 14:00)

(L, 14:00, 22:00)

(N, 22:00, 06:00)

	
Entity Master Schedule

	Description. A master schedule is a pattern of shifts that fills a given number of days, and then repeats itself. In practice, a mas​ter schedule fills a number of weeks, i.e. a multiple of 7 days. A same master schedule can for different em​ployees start at different dates.

	Unique ID Schedule ID

	Attribute Schedule ID, text 4

	Attribute Schedule Name, text 30

	Attribute Length, integer

	Description. The length is the number of days in the schedule. Note that it cannot be computed as the high​est day number in the entity {master schedule day}, as the schedule can and often does end in a number of off-days.

	
Entity Master Schedule Day

	Description. A master schedule day is one day in a master schedule. Only the non-off-days are registered. 

	Unique ID Master Schedule, Day Number

	Relationship Master Schedule

	Relationship Shift

	Attribute Day Number, Integer 2

	
Entity Schedule Assignment

	Description. A schedule assignment assigns a schedule to an employee. 

	Unique ID Employee, Valid From, lower limit

	Relationship Employee

	Relationship Master Schedule

	Attribute Valid From, YMD

	Description. The begin date marks the day from which the schedule assignment is valid. It re​mains valid until a new schedule assignment takes over. 

	Attribute Valid To, YMD

	Computed as Nxt . Valid From - 1 

	Attribute Reference Date, YMD

	
Entity Time Event

	Description. … 

	Unique ID Badge Assignment, Clock Time

	Relationship Badge Assignment

	Attribute Clock Time, YMDHM

	Description. … 

	Attribute Come Or Go 

	Computed as FstNonBlank(Come Or Go Specified, Come Or Go Inferred, Come Or Go Alternated, "C") 

	Attribute Come Or Go Specified, text 1

	Attribute Come Or Go Inferred

	Computed as 
If Clock Time Between Employee (Employee Number) . Come Time (Clock Time) – 1:00 And Employee (Employee Number) . Come Time (Clock Time) + 1:00 
Then "C" 
ElseIf Clock Employee (Employee Number) . Go Time (Clock Time - 1) <> 6:00 
And Clock Time Between Employee (Employee Number) . Go Time (Clock Time) – 1:00 And Employee (Employee Number) . Go Time (Clock Time) + 1:00
Then "G"
ElseIf Clock Employee (Employee Number) . Go Time (Clock Time - 1) = 6:00 
And Clock Time Between Employee (Employee Number) . Go Time (Clock Time) – 1:00 And Employee (Employee Number) . Go Time (Clock Time) + 1:00
Then "G"
Else Blank
Endif

	Attribute Come Or Go Alternated

	Computed as 
If Prv . Come Or Go = "C" 
Then "G" 
Else "C" 
Endif

	Attribute Matching Go Time

	Computed as 
If Come Or Go = "C" 
And Nxt . Come Or Go = "G"
Then Nxt . Clock Time
Else Blank 
Endif

	
Form Employees

	Description. This form is for maintaining em​ployee data.

	Source Employee

	Field Full Name

	
End Application TROS
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