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Overview

As your VL applications become increasingly sophisticated you may need to be mindful when dynamically creating VL objects. 
Typically a VL object is dynamically created using commands like this:

Set_Ref #SomeReference To(*Create_As  #SomeClassName)

  Or 

Set_Ref #SomeReference To(*Create_From #VaribleContainingClassName)

If you are doing this type of thing in your VL applications, then it’s probably worth knowing what is contained in this document.

Why might you need to know this?

A VL application may exhaust a computer resource (eg: memory, system handles, etc) because your VL application code is dynamically creating many VL objects, but failing to destroy them when they are no longer needed. 
In some situations you may even think you are destroying dynamically created objects, but unless you have actually tested this, you may find that subtle issues in your design or code is preventing this and causing resource leakage.
About this example

This example demonstrates and explains:

· Why a simple object create/destroy scenario works.

· Why a similar simple object create/destroy scenario does not work. 

· A simple technique to test that your create/destroy approach works. 

· A simple technique to identify objects being leaked by your design.  

If some of what this example describes is news to you  

You may decide you already know what this example describes, which is the best possible result. However, if this material is news to you, do not be too concerned. 

See http://www.codeproject.com/KB/showcase/IfOnlyWedUsedANTSProfiler.aspx
This article describes the ‘real world’ effect of resource leakage in an interesting .NET application, coded by MIT students. Interestingly, in the same situation, a VL application would not have leaked resources this way.   
Resource leakage issues are common in all software execution platforms. 
Unfortunately some IT people talk about a new generation of “garbage collectors” as if they are some sort of magic. They infer that garbage collectors absolve software developers of any need to be still be careful, and to test their resource usage designs. Unfortunately this is not the reality of garbage collectors, as the preceding truck crash article clearly indicates. As the article says, you don’t free up memory now, but you still have to free up the references that consume it (ie: at its core, it’s the same type of design and coding issues with a brand new name).     
The things that make up this example
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On the left is a VL form (Z_DemoF) that dynamically creates some VL objects named Z_MyOBJ1,2 and 3. These parts of this example are designed to be representative of a very simple ‘typical’ VL application.

On the right is a singleton object (Z_TrackM) and a form (Z_TrackD) that display details of objects being created and destroyed. They are designed to help you conceptually visualize the creation and destruction of VL objects.       

Setting up this example

Without getting into the details at this stage, either LIMPORT from the attached deployment tool package –OR- copy/paste and compile these objects in your VL-IDE from the attached .txt files. Note: These are all RDMLX enabled objects.     

	Name
	Type
	Description

	STD_TIMEL
	Field
	Create a length 29 date time field 

	Z_TRACKD
	Form
	Display Tracking Information

	Z_TRACKM
	Reusable Part 
	Manage Tracking Information

	Z_MYOBJ1
	Reusable Part
	Typical VL object 1 

	Z_MYOBJ2
	Reusable Part
	Typical VL object 2

	Z_MYOBJ3
	Reusable Part
	Typical VL object 3

	Z_DEMOF
	Form 
	Typical VL Application Main Form 


Create and Destroy – It Works! 
Start form Z_DemoF.
Click [image: image2.png]Create a single Z_MY0BJ1 object



  to execute this code in Z_DemoF:

   Set_Ref #SingleMy_Obj1 (*Create_as #Z_MyObj1)

The tracker on the right should show that an instance of Z_MyObj1 has been created ….  
[image: image3.png]Objects Created but not yet Destroped (2)

Token  Name Class _ PatlemName _Time Created Desciiption





Click [image: image4.png]


 to execute this code in Z_DemoF:

   Set_Ref #SingleMy_Obj1 *null

The tracker on the right should now show that the instance of Z_MyObj1 has now been destroyed (the token number uniquely identifies each object instance): 
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When Set_Ref #SingleMy_Obj1 (*Create_as #Z_MyObj1) is executed a new instance of a  Z_MyObj1 object is created. 

A reference to this new instance is stored in #SingleMy_Obj1, in form Z_DemoF.

ie: An instance of Z_MyObj1 now exists and it is referred to by form Z_DemoF.

When Set_Ref #SingleMy_Obj1 *null is executed the situation changes.     

An instance of Z_MyObj1 exists, but no one is referring to it anymore.

Since no one is referring to it (ie: it has reference count of zero) it is destroyed by the garbage collection process.  

That’s how VL objects are destroyed, when no one is referring to them anymore. 

It’s also the essence of resource leakage problems. Objects that you think should be destroyed do not get destroyed because some other object is accidentally referring to them because of subtle (or otherwise) defects in your application design or code.   

The problem with resource referencing is that no one has figured out how to tell the difference between a “real” reference and an “accidental” one. This is of course not a uniquely VL issue. It impacts all reference capable languages.     

Now try this button [image: image6.png]Create 20 mare Z_MYOB1 obiects



 to execute this code:

   Define_com #Z_MyObj1 #TempObject Reference(*Dynamic)

   Begin_Loop to(20)

      Set_Ref #TempObject (*Create_as #Z_MyObj1)

      #Z_MYObj1_List.Insert Item(#TempObject)

   End_Loop

What you should see is 20 objects new objects displayed by the tracker.  

Then try this button [image: image7.png]Destiop al Z_MYOBI1 obiects created



 to execute this code:

   #Z_MYObj1_List.RemoveAll

Now the tracker should show all 20 objects as being destroyed.

This is the other way that references to objects are often maintained, in VL collections. 

Here 20 objects are created and references to them stored in a collection named #Z_MyObj1_List. 

When the collection is cleared, no one is referring to them anymore, so they all get destroyed.      

If you click [image: image8.png]Create 20 mare Z_MYOB1 obiects



 five times in a row 100 instance of Z_MyObj1 will have been created. 

When you click [image: image9.png]Destiop al Z_MYOBI1 obiects created



 all 100 instances should be destroyed.  

One more subtle thing is worth noting.
Click [image: image10.png]Create a singleZ_MYOBJ1 obiect



 three times in a row. As you click a second and third time you should see the tracker showing a new Z_MyObj1 instance being created, but the previous one gets destroyed without you doing anything. 
This happens because each time this code is executed
   Set_Ref #SingleMy_Obj1 (*Create_as #Z_MyObj1)
the current object reference in #SingleMy_Obj1 gets replaced by a new one. 
The instance reference that is replaced is no longer being referred to by anyone, so it gets destroyed by the garbage collector. 

Create and Destroy – It Does NOT Work!
Close and restart form Z_DemoF.
Z_MyObj2 is a slightly more complex object that Z_MyObj1. 

When a Z_MyObj2 instance is created, it creates a Z_MyObj3 instance.

This type of logic is common in VL applications. You create an A, which in turn creates a B, C and D, which themselves might create E, F and G instances. 
Try this button [image: image11.png]Create a single2_MYOBJ2 obiect



 to execute this code:

   Set_Ref #SingleMy_Obj2 (*Create_as #Z_MyObj2)

Note how the tracker shows a Z_MyObj2 and a Z_MyObj3 instance being created. 
This is because Z_MyObj2 creates a Z_MyObj3 as it is created.

Now try this button [image: image12.png]Destioy the single2_MYOBJ2 obiect



 to execute this code:

   Set_Ref #SingleMy_Obj2 *null

This is effectively the same style of create/destroy logic used with Z_MyObj1, but if you look at the tracker, neither the Z_MyObj2 or Z_MyObj3 instances get destroyed.
This application is a leaking resource. The leakage is mostly memory in this case, but if Z_MyObj2 or Z_MyObj3 were forms or a visual reusable parts they could possibly be leaking other types of windows resources as well.
Now try this button [image: image13.png]Create 20 mare Z_MYOBJ2 obiects



 
Then try this button[image: image14.png]Destiop ol Z_MYOBJ2 obiects created




Again Z_MyObj2 and Z_MyObj3 objects are created, but they are not being destroyed when the collection is cleared.
If you keep clicking [image: image15.png]Create 20 mare Z_MYOBJ2 obiects



 for long enough this application will eventually run out of system resources. You probably don’t have enough time to do this, but imagine situations where you create hundreds or thousands of objects every time a user performs a certain transaction. In this type of situation you might exhaust some system resource in a relatively short time span.        

The leakage in the example happens because Z_MyObj2 and Z_MyObj3 contain a very simple design mistake, apparent in these code fragments:   

 In Z-MyObj2 ……….
   EVTROUTINE HANDLING(#COM_OWNER.CreateInstance) 

      set_ref #z_myObj3 (*Create_as #z_myObj3)

      #z_myObj3.uInitialize(#Com_Owner) 

   ENDROUTINE

In Z_MyObj3 …….. 
   Define_com #Z_MYOBJ2 #LogicalParent Reference(*Dynamic)

   MTHROUTINE NAME(uInitialize)

      Define_map *input #z_myObj2 #Creator Pass(*By_Reference)

      #LogicalParent <= #Creator
   ENDROUTINE

When Z_MyObj2 is created it creates a Z_MyObj3.
It invokes method uInitialize in Z_MyObj3, passing a reference to itself. 
Z_MyObj3 receives the reference and stores it in #LogicalParent.

Note: This type of logic is quite common. When obj A creates object B it often passes it a reference to itself. This is done so that B can listen to events from A, or invoke methods in A or get/set A’s properties.     
The problem here that this apparently simple logic creates a circular reference. 

ie: Z_MyObj2 refers to Z_MyObj3, and, Z_MyObj3 refers to Z_MyObj2.

This prevents Z_MyObj2 from ever being destroyed, because the Z_MyObj3 it created will always be referring to it, so its reference count can never drop to zero. 
Likewise, Z_MyObj3 will not be destroyed because there always a Z_MyObj2 referring to it. 
If you look at these code fragments from Z_MyObj2 and Z_MyObj3 you can see another coding and testing mistake: 
In Z_MyObj2 … 

   EVTROUTINE HANDLING(#COM_OWNER.DestroyInstance) 

      set_ref #z_myObj3 *null
   ENDROUTINE

In Z_MyObj3 …
   EVTROUTINE HANDLING(#COM_OWNER.DestroyInstance) 

      #LogicalParent <= *null
   ENDROUTINE
The fact that this programmer has set the references to null indicates an awareness that holding references to other objects is something that he/she needs to be mindful of when designing an object (VL or otherwise).   

The problems here are: 

1. This code does not work

2. Worse, the code has never been tested 

In effect the problem here is a chicken and egg situation…. 

· The DestroyInstance event handlers will stop the circular reference.

· The DestroyInstance event handlers are not executed because the circular reference exists.   

The real problem here is not specifically related to the circular reference. 
It’s just one example of an errant object reference. There are others. 
If a reference to an object exists, it will not be destroyed, because someone is using it, accidentally or otherwise.  

Therefore, putting any form of ‘eliminate references to this object’ logic into an object’s own DestroyInstance routine can not possibly work.          

This can restated as this ‘impossible’ design situation … 

· This DestroyInstance routine eliminates all references to this object.

· This DestroyInstance routine will not be executed until all references to this object are eliminated.     

The following sections describe some simple object design approaches that to prevent these situations. 

As a final note, sometimes the circular references are more complex and subtle. For example A might refer to B which refers to C which refers to D which refers back to A. The following techniques will deal with these as well. 
Dangling or Sloppy References
The circular reference is one form of design mistake that prevent objects from being destroyed. Another, which is more a coding level mistake, is the incorrect use of “dangling” or “sloppy” references.

For example, in many forms and variations, VL code will iterate over a collection or list of objects in some way. The code is typically structured something like this:

Begin_Com 

       Define_com #MyObject #TempReference Reference(*Dynamic)

       << Other Methods, Events and Properties >>

Mthroutine Iterate
   For (some iteration on a collection or list of #MyObjects)

       #TempReference <= some reference to an instance of #MyObject

       << Logic working with the #TempReference object instance >>
       << Invoke Subroutines using #TempReference as a ‘psuedo’ parameter >>   
   Endfor  

Endroutine
End_Com
Note: Do not take the For loop too literally. This type of iteration loop may be coded in many forms and variations.   

Here the problem is that #TempReference has been globally scoped (across the whole object) so when method Iterate ends, #TempReference is left containing a reference to the last object instance processed. 
This reference could prevent that object instance from being destroyed.    

The proper way to solve this is to define #TempReference within the Iterate method so that it gets destroyed as the method ends, removing any dangling reference to #MyObject that it might contain.  
If #TempReference must be globally scoped for some reason (eg: as “pseudo” parameter for a Subroutine) then make sure it gets set to *Null as the method ends, so that it is cannot possibly contain a dangling reference.   
Generally you should look closely at the usage of anything that is globally scoped across the whole object, and that uses Reference(*Dynamic). 
In many different ways and variations it may be left containing a dangling or sloppy reference to another object. When in doubt, use #Reference <= *null just before your logic completes, so that this cannot possibly happen.   

Equally, globally scoped temporary collections should never be left with dangling or sloppy references within them. Use method #Collection.RemoveAll to make sure of this.     
Resource Leakage – The Bare Essentials 
This is easy to do, just conduct a simple test.  
When you set up a VL object that you intend to dynamically create, include this simple test code:

   EVTROUTINE HANDLING(#COM_OWNER.DestroyInstance) 

      Use Message_box_Show (OK OK INFO *Component ‘I am being destroyed’)

   ENDROUTINE

Run you application, and in a scenario where you think the object(s) should be destroyed, check that the message box shows. 
If it does not, investigate and correct the problem. 

Resource Leakage - As part of the Design and Test Process 

A more sophisticated approach is to temporarily or permanently imbed something like the examples Z_TrackM and Z_TrackD into your application.
Assuming you have something like them in existence, then every time you define a VL object that is going to be dynamically created and destroyed, include something like these three additional lines of code into it:

   DEFINE_COM CLASS(#std_Numl) NAME(#Z_AssignedToken)
   EVTROUTINE HANDLING(#COM_OWNER.CreateInstance) 
      #Z_AssignedToken := #Z_TRACKM.TrackCreation(#Com_Self "My Test Object")
      <<other code>>

   ENDROUTINE

   EVTROUTINE HANDLING(#COM_OWNER.DestroyInstance) 

      <<other code>>

      #Z_TRACKM.TrackDestruction(#Z_AssignedToken)
   ENDROUTINE
Every object used in this example includes this simple tracking logic.

As an object is created it asks Z_TrackM to track its creation and to return an assigned identification token.      
As an object is destroyed is passes the assigned token back to Z_TrackM indicating that it now being destroyed.     

Note: If you don’t understand why Z_TrackM cannot store references to the actual objects themselves, then you need to start reading this document again from the beginning. 

This simple logic, with the visual display done by Z_TrackD, allows you to visually check that objects are being created and destroyed as and when your application design expects. 

More sophisticated versions of this tracking logic might include:

· The automatic production of a report/file when an application is ending, listing every object that still exists, so that they can be accounted for as correct or resource leakages. 
· The ability to permanently leave this type of code in applications. If you look at the Z_TrackM code it includes this 

EVTROUTINE HANDLING(#COM_OWNER.CreateInstance) 

* Use OV_FILE_SERVICE (CHECK_FILE (*Part_Dir_Execute + "Z_TRACKM.DAT"))
                              To_Get(#VF_ELRETC)
* #TrackingEnabled := (#vf_elretc = "OK")
#TrackingEnabled := True 

ENDROUTINE

As provided, the tracking logic is always turned on. If you remove this line and uncomment the other lines, tracking will only be enabled when a file named Z_TRACKM.DAT exists in the partition execute folder. This means the basic tracking logic could be left permanently in an application and turned on/off as required, even in production applications.       
· If you look at the Z_TrackM code you will notice a method called UpdateDescription. This could be used inside an object’s logic to include additional instance identification information (eg: “Order 17182” may be more useful then “Order Object” as a description of an object instance).    

Some Practices to Consider 
· When defining a brand new VL object, always put a message box in its DestroyInstance event handler and make sure it is actually being destroyed when you think it should be. You or someone else might ‘upset’ the object later, but at least you will know it worked correctly when it was first designed and implemented. Simple and quick.  

· Consider implementing a permanent create/destroy tracking process (see preceding section) to check your design and coding on an ongoing basis. Executing in with tracking enabled could be a formal part of your final test process. 
· In all VL objects define formal and symmetrical myInitialize and myTerminate methods (say) as a standard. Make everyone understands and uses them correctly.

· When you dynamically create an object, always immediately invoke its myInitialize method, passing any parameters it might require, such a references to yourself.

· When an object is to be destroyed, always invoke its myTerminate method so that it can nullify all references that it is holding and empty any object collections it is using. The #Collection<>.myTerminate() form of execution is any easy way to do this on a set of objects.   

· myTerminate methods should always set any globally scoped Reference(*Dynamic) variables to Null, and empty all objects  collections. Where objects in a collection have myTerminate methods, use #Collection<>.myTerminate() to execute them before empyting the collection.

· If you use a symmetrical myInitialize/myTerminate approach in every object, it is relatively easy to avoid and/or eliminate any cyclical or dangling reference issues from your whole application. 
· Generally, do not put object reference elimination code into DestroyInstance routines (see preceding sections). If you do, test that it works as expected.   
· Check all reusable parts that say ROLE(*EXTENDS #PRIM_PANL). If they are not visual reusable parts, change them to ROLE(*EXTENDS #PRIM_OBJT) to ensure they do not consume windows GUI resources.      

· If you use globally scoped object references as temporary iteration variables or as  “pseudo” parameters to subroutine(s), make sure to set to null and clear the collections after executing the subroutine or exiting the iteration method.   
· Test that your object destruction design works as you expect it to.
