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This exam is open-book/notes/handouts. Time: approx. 1 hour. 

Please Note: PRINT LEGIBLY - I can't grade high what I can't read.

There are four questions of approx. equal weight (25%).

1. In our current State Model schema and its ERD below, 

the destination AI that receives the EventInstance is EIcurr->AIid2.

This AI  stores the current state's name.  Assume we changed this field into
an fkey STid with is_key = 1. Then (AIcurr->STid  == AIcurr->STid_pp->STid) is an invariant condition that must be preserved between update transactions. 












1A: Consider the requirements on the updator function AISetSTid(nextSTid)

that could change the current state fkey but must retain the integrity of  AIcurr->STid_pp for efficient processing.  AIschema.h from gencpp, and pr_accessors.c from chgen,  both contain a set function like AISetSTid(hcg_key x). Write down sufficient post-conditions on  AISetSTid(nextSTid)  so that it maintains the integrity of the intrusive list pointers which are implied by the declaration of a real fkey STid in table AI.
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

The event dispatcher in the current version of LCP calls ProcessOneEvent() to  find an enabled transition TR from the current state (STcurr) that is enabled by the event at EIcurr.  Each TR has 2 fkeys:  STid1 to its source State and STid2 to its destination State. STid2 identifies the next state's pkey and its address STid2_pp. 

Here is the current implementation of ProcessOneEvent; it is well-encapsulated but light on efficiency:

--------------------------------------------------------------------

//Ref:  $CASE/04s522/lcp04s/ajlopez/lcp/olc/processevent.c
void ProcessOneEvent (hcg_key EIid)

{

    hcg_key AIid;

    hcg_key ETid;

    hcg_key STid;

    char CurState[StatesNameMaxLen+1];

    KEYBUFFER(STkey);

    ETid = EventInstanceGetETid(EIid);

    AIid = EventInstanceGetAIid2(EIid);

   ActiveInstanceCopyState(AIid, CurState);

    STid = StateFirst();

    while (STid != 0)

        {

            if (strcmp(CurState, StateGetName(STid)) == 0)

             {

              break;

             }

            STid = StateNext(STid);

       }

    if (STid == 0) { /*print error msg and  return;*/}

    child_loop (ST, TR, TRid1, STid1) {

        child_loop(TR, EN, ENid, TRid) {

            if (ENcurr->ETid == ETid) {

                DoTransition(TRcurr->STid2, AIid, EIid);

                goto DELETE_EVENT_INSTANCE;

            }

        }

    }

DELETE_EVENT_INSTANCE:

    EventInstanceDelete(EIid);

} // end ProcessOneEvent

-----------------------------------------------------------------------

1B. In the space below, implement a more efficient algorithm
(assume AIcurr->STid is a correctly implemented fkey from 1A). 
I supplied its first four lines to achieve some uniformity of notation. 

Only a few more lines are needed. [Hint: There are two ways to solve this problem. 

The one above has two nested child-loops; refactor it to use only one loop.]
AIcurr = EIcurr->AIid2_pp;

STcurr =  AIcurr->STid_pp;

ETcurr = EIcurr->ETid_pp;

nextSTcurr = NULL;   // default value if no successor is found 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

2.  The two state diagrams below show Mealy and Moore style implementations of what should be the same behavior. The extra state-per-link required to convert Mealy to Moore  have already been drawn. Mealy actions on TRs must become Moore actions in States.




2A.  Fill in the blanks in each state of STD2 with the proper state action to make its behavior agree with STD1, except for timing. (NB: PRINT - do not scribble)
2B.  Explain the timing implications of the new extra unlabeled state transitions on STD2. 
How and when should  they be executed? Explain how the event queue  (EI table) FIFO priority rules might be changed to minimize the time delays that STD2 would otherwise experience relative to STD1:
_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

2C. Give a justification and/or criticize this statement: 

"The entire lifetime of an EventInstance is comparable to the time it takes for an ActiveInstance to execute one state action."

___________________________________________________

___________________________________________________

___________________________________________________

3. Larman says that Design Patterns are subsumed under GRASP design principles.
3A. What are GRASP design principles, if they are not DPs?

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

3B. Give some examples of how DPs and GRASP principles inter-relate.

Larman page and section or Figure references will do if they are specific enough.

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

3C. The Composite Design Pattern (DP) shows how to model potentially recursive composition  to accommodate containers nested within their components. 
Draw state diagrams for these two examples of recursive composition:

(a) parsing sub-expressions nested within parentheses: 

(Here the goal is to push intermediate results when a nexted EXpr is recognized.


<EXpr> := '(' <EXpr> ')' 


<EXpr> :=  IDfr OP Idfr 
(b) parsing nodes with nested sub-diagrams in BDE (HN's with two HGids).

 (Here the goal is to create a hyperlink if a  nested diagram  is recongnized.)

For each example, draw state diagrams for the recognition of  nested occurrences.

06f522 Exam2 Take-home Problem (due in 2 weeks - on Dec. 19)  
This problem asks you to imagine and recommend some changes to gencpp that  might better support inheritance, design patterns, and distributed systems. When gencpp replaces  chgen and generates C++ code (XXschema.h and pr_*.cc), the data model for classes and instances for LCP Services might look quite different. 
I say this because AC contains the static properties of the same classes for which AI contains corresponding instance-specific properties. Similarly, ET contains static properties and EI contains instance-specific ones.

So we could merge AC and AI, and merge ET and EI.  The [research] question is, how different is this from the way that meta-schema data (TT-->TA) contains static properties of the entity classes on the EERD? Can these 3 patterns be merged into one meta-DP?
The diagram on last page below is a 99f522  ERD for the Microwave Oven Controller project.  (The specific application is irrelevant to COOL's schema-driven approach.) In the space to its right, I have redrawn this diagram as it might look with gencpp code generation and some EERD changes: 


(1) I merged AI into AC. AC now includes both static and instance-level attributes of the ActiveInstance superclass of application and service classes. 


(2) I merged ET and EI and renamed it EC (EventClass). EC  now contains both static and instance-level attributes of  objects in the EventInstance queue.
You may regard EC as the super-class of application event message types,  just as AC is the super-class of classes specialized to the application and system services. The only difference between EC and AC is that the life cycles of EC objects are more dynamic and volatile than AC object life cycles. 

4A. Give a justification and/or criticize this statement: 
"The entire lifetimes of instances of EC are comparable to the time it takes for instances of AC to execute one state action."
___________________________________________________
___________________________________________________

___________________________________________________

Entity classes appearing on an integrated data model or schema.sch  file include both classes specialized to a specific application, and Service classes  provided by the COOL-framework, such as the TImer and OPerator services of Shlaer-Mellor's 1992 OCL text, and the StateModel entity types provided by our LCP Service implementation.
Each entity class in the schema has an implicit TTid fkey, which provides [reflective] access to its set of attribute types (in the TT-row's child-set of TA's). 
By an implicit fkey I mean that TTid is deducible from the most significant [byte] subfield of the object's pkey: The TT-table 'index' of  class XX corresponds 1 to 1 with its encoded ttabbreviation. Using a real fkey TTid would waste more space in each XX-row instance, UNLESS  TTid  is a static or class-level property, which does not occupy space within each object.  Chgen/gencpp does not now discriminate between static and instance properties, but I think it should, and this problem is asking for your creative solutions. 
The current LCP data model has a fixed set of data members in each EI instance.   Suppose an implicit fkey in ET references its equivalent TT--->TA child-list of EventAttribute  types.  Then  ET--->EA defines an EventType signature, and these may be declared in the schema.sch file for Events just like Entity class structures. They also get captured in metadata (the .msdat file) that chgen/gencpp produces to  support reflection.

4B. Explain how the ET--->EA child_set relates to action method signatures, if each method has a private and distinct signature type.

________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

In fact, bde2SM could convert Event structures into a .sch table declaration just like Entity structures. I conjecture that a Class Collaboration Diagram (CCD) can be drawn to declare  AC to AC message-passing via ET_typed EC instances. The resulting CCD looks a lot like a StateModel or State Transition Diagram, with different node and edge components.. 

4C. Explain how CCD data model content differs from the AC to EC diagram 
(formerly AI to EI diagram) that captures actual runtime events between instances of AC.

________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

Current LCP Data Model:


Proposed LCP DataModel:
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STD2: Equivalent Moore State Diagram  (Problem 2)
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State Diagram  Meta-Model for Problem 1:
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STD1: Mealy State Diagram for Problem 2
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