Detailed Comments on Temporal Constraints

Radovan Cervenka, Whitestein Technologies

These comments relate to the original Renato’s paper FIPA Modeling Area: Temporal Constraints, but I would like to discuss also some of Hong’s ideas from his comments called Detailed Comments on Temporal Constraints. My intention is mainly to analyze usability of proposed UML extensions.

Remark: Please take into account that I’m not a specialist for the theory of time domains, therefore some of my ideas and comments may be wrong. My point of view is purely practical, because I have modeled time-related problems (e.g. using of several different timers in one system, synchronization of events in hypermedia systems, etc.) in several projects.

1. I see Hong’s extensions, comments and questions very valuable.

2. What kind of modeling element is used for Modeled Environment in Figure 2? Is it a composite class or a package? Used notation is unclear.

3. Renato probably wanted to write a stereotype <<Time Domain>> in Figure 1 and in Figure 2 respectively, instead of Time Domain...

4. Modeling of time domains by several different modeling elements (Operation time1 in Figure 1, unknown element type in Figure 2, and Class in Figure 3) is inconsistent. BTW why to model the time domain by an operation?

5. Using of predefined signatures of special operations (operation time1 in Figure 1) and names of special attributes (attributes of all classes in Figure 3) is “dirty” UML extension technique. AUML should define these parameters (mode, propagation, granularity, alpha, etc.) at the metamodel level as tag definitions. Model level should use them as tagged values. Renato, could you extract all possible parameters of time domains and describe them precisely? Section 2 is a good starting point.

If we are not able to define all possible parameters in general way, we should not include their description in AUML metamodel. We could then provide just some modeling guidelines (or patterns) instead.

6. I suggest to model types of time domains by special Classifiers (maybe Classes) and time domains by their Instances.

7. Figure 3 should be at the instance level, not at the class level. I miss specification of offset value for <<offset>> association, and specification of the function for the Drift Control Function and the <<drift>> association. I do not understand of association between MasterClock and Drift Control Function. How to know from the model that Drift Control Function is a drift function? Just name is insufficient. Some stereotype or tagged value should be specified. Renato, did you think about using of dependencies instead of associations for <<offset>>, <<drift>>, etc.? If you used associations, you would specify too many constraints for multiplicity, navigability, etc. in the metamodel.

8. I would differentiate defining of time domains (declaring of different time domains, their properties/parameters, relationships with other time domains, etc.) and their application (declaring which part of the system, e.g. which agent or environment or subsystem, etc. uses what time domain). Application of time domains can be modeled e.g. by special dependency relationship or by special tagged values.

9. In section 3.2. is said “The master clock is a continuous clock that executes 10 times faster than a “real life” clock”. Is it implicitly modeled by no incoming time-related association? If so, then I suggest to model it also somehow explicitly. e.g. by adding of the parameter specifying a reference to the base time domain, e.g. clock1.base = ‘MasterClock’, or MasterClock.base = real (where real is a keyword for “real life” time). The reason is that relationships may be sometimes hidden in diagrams even if they exist in the model (e.g. they can be modeled in other diagrams). User can overlook them easily.

10. Sequence diagrams use notation <time domain name>:time (colon), but statecharts use <time domain name>.time (period). The both notations should be unified. I suggest to use period.

11. UML offers several modeling constructs for time-based constraints. I recommend to have a look at Chapter 7 of [UML2Sup]. I’m afraid that UML users will see notation of time assertion and time constraint offered by Renato as superfluous. See Table 1 for existing UML equivalents.

	Renato’s notation
	UML element
	UML notation
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Table 1: UML equivalents

12. Figure 4b: transition from Wait for delay state to continue state should contain effect called e.g. response to B.

13. What is semantic difference between using of time constraint in Figure 4a and using the small sand clock in Figure 5a? I think that the both can be expressed by simple time constraints. If you want to model sending a special message from the timer, why not to use timer instance as a lifeline?

14. Figure 6a: transition from timer fired state to continue state should contain effect called e.g. response to B.

15. Figure 7b: transition clock(t1+5) should lead to the before message state instead of the reset timer state. Only after loop is finished, the timer should be reset.

16. What is exact notation for time-controlled loop? I miss e.g. a parameter of how many times the loop body should be executed.

17. Figure 8a: I think that defining a new kind of alternative CombinedFragment, marked by a small sand clock symbol, is not necessary. UML says nothing about time sensitivity of the guard condition. UML equivalent of Figure 8 is depicted in Figure 1.
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Figure 1: UML equivalent of Figure 8

18. Figure 8b: I do not understand rectangle including the condition. Cannot be used just a composite state with one transition, labeled [clock1.time>=t1+100]/product sold? Furthermore, you could use the stateInvariant to express invariant explicitly.

19. Re the challenge after Figure 8 and Hong’s point (9): exception handling is covered by the UML Activities quite well. Therefore exceptional behavior of agents can be modeled by this mechanism. In State Machines, exceptional behavior can be achieved by adding of special states and additional transitions, usually triggered by some exception occurrence and/or time-based guards. For Interactions, while using just time constraints, it is unfortunately said that if some constraint is violated, the whole trace is negative. Therefore we muse use some another mechanism. I think about using of Interaction Overview Diagrams with ExceptionHandler. UML does not suppress this explicitly. Also Renato’s approach of using alternative CombinedFragment is good idea as well. BTW Renato, answer to your challenge: what about to include the loop fragment into one operand of a time-based alternative fragment? I think that it does not matter what interaction is included in alt fragment’s operand and you can easily include also loop fragment.

Some time ago I tried to solve similar problem in a different way – by using a special exception handling CombinedFragment. I used keyword try for its identification. Try fragment consists at least of two InteractionOperands. The first represents a normal interaction, while others represent interactions in exceptional cases (I call them catch operands). Each catch operand contains a guard condition to specify in what exceptional situation it is applied. Catch operands are evaluated top-down. Catch operand may contain a guard with keyword else, which means it is applied in all other cases. Rules for else operand are the same as for standard UML  alt CombinedFragment. The guard of a catch operand contains either a constraint or the name of an exception. See Figure 4 for example.
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Figure 4: Example of try CombinedFragment

Note that try CombinedFragment is a general mechanism that takes into account all kind of constraints that can be specified in Interactions (incl. TimeConstraints, DurationConstraints and StateInvariants). It can be used for any exception handling in Interaction diagrams.

20. Figure 9: I would use Coregion in order to model arbitrary ordering of two messages. See Figure 3.
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Figure 3: UML equivalent of Figure 9

21. Hong required modeling of time constraints on individual events in his item (6). UML 2.0 offers such time constraints called DurationObservation, Duration and DurationInterval, that can be used in DurationConstraint. Their notation is depicted in Figure 2. For more information see [UML2Sup]. Hong, did you requested this?
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Figure 2: Time-related UML concepts; see [UML2Sup, Figure 7-131]

22. General remark 1: names of all lifelines should be underlined to depict instances. BTW many figures in [UML2Sup] have the same problem.

23. General remark 2: please check syntax of transitions to use UML 2.0 syntax. 

24. Considerations on UML 2.0: Even if UML 2.0 defines time-related observations, expressions and constraints in the Common Behaviors package, it unfortunately does not define the syntax for Activities and Connection Diagrams. (!!!) Here is my proposal:

Timing in Activity Diagrams:
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t1 = clock1.time

 


	Notation for TimeObservationAction in Activity. It is placed anywhere in the Activity, where write-once time variable needs to be set.
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	DurationObservationAction specified for Action.
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	DurationConstraint specified for Action. Used syntax is maybe little bit confusing, but I used notation of DurationConstraint attached to Message.
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	DurationConstraint specified for ActivityEdge. If there are several properties specified for one edge (e.g. weight) property name duration can be used. For example: {duration=0..13, weight=all}

	...
	DurationConstraints and TimeConstraints can be specified in guards of ActivityEdges, localPreconditions, localPostconditions, and decisionInputs of DecisionNodes.


Note: Notation used in the Interaction Overview Diagrams is an alternative, but there is a problem with specifying positions for TimeObservationActions attached to Actions.


Timing in Communication Diagrams:
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	Notation for TimeObservationAction and DurationObservationAction in Message. t1 and d represent write-once time variables. send and duration are keyword used in the time expression. The following keywords are defined:

send – time of message sending
receive – time of message receiving
duration – duration of message transport
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	TimeConstraint and DurationConstraint used in Message guard.


Note: Unfortunately the Communication Diagrams do not contain CombinedFragments, and therefore using of time constraints is little bit restricted.

25. I think about extending of OCL by the following boolean binary operators that can be used in time constraints:

	e1 before e2
	Event e1 must occur before event e2 occurs

	e1 at e2
	Event e1 must occur at the same time when event e2 occurs

	e2 after e2
	Event e1 must occur after event e2 occurs

	e during a
	Event e must occur during action a


Note: AUML should extend OCL also by some operators from temporal logic, e.g. always, sometimes, until, next moment, past moment, etc.

[UML2Sup]
3rd revised submission to OMG RFP ad/00-09-02: Unified Modeling Language: Superstructure. Version 2.0.
10 April 2003, U2 Partners, ad/2003-04-01.
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