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PROPOSED REVISION:
This proposal adds a method for finalization of objects.

JUSTIFICATION:
Following comment (in reference 3) was submitted as an Internal quality review comment on CD1.4.  Adding a finalizing method was discussed at the November 1998 WG4 meeting and the following country vote was taken.

Country Vote – Add a FINALIZER method to the standard BASE class in the revision of ISO 1989 - Programming language COBOL.
Yes:  Germany, Japan, the Netherlands
No:  U.S., U.K.

2. Request for adding a "finalizer" method (Sato, Takagi)

Here, a finalizer is a particular method for an object that will be invoked before the storage for the object is reclaimed when the object is identified as not being participating the run unit.  In the case of a factory object, the finalizer is invoked after the last reference to the factory object during the run unit.

[Justifications]

Without a finalizer, some resources cannot be freed by the garbage collector that reclaims the memory storage.

1.  Closing files in Object

Files in objects will be closed implicitly, if it is opened, at the time the object is reclaimed.  But this implicit close is presumably the CLOSE statement without any phrases.  If some phrases are needed, you must execute a CLOSE statement explicitly.  Without a finalizer, it is hard for a method, function, or program that is releasing the object reference to the object to invoke a method in which the explicit CLOSE statement is executed because it is hard to tell that the reference is the last one to it.

2.  Interoperability with other languages

The pointer item will be added in the next revision of COBOL.  The language should allow pointer items to hold the address of the storage area that is allocated by other languages.  Suppose that the storage allocated by some other language is pointed to by only a pointer in one COBOL object instance.  Without a finalizer, it is hard for a method, function, or program that is releasing the object reference to the object to invoke a method in which the storage is explicitly freed because it is hard to tell that the reference is the last one to it.

3.  Interaction with other applications

Some application requires to the users of it to call initializing program and terminating program.  For example, CONNECT and DISCONNECT, in pairs, are required by some Database Management Systems.  When you design an object that handles the connection to the DBMS, the object must know that it will be reclaimed to issue DISCONNECT.  Without a finalizer, it is hard for a method, function, or program that is releasing the object reference to the object to invoke a method in which DISCONNECT is issued because it is hard to tell that the reference is the last one to it.

4.  Debugging

In the case as in 1 through 3 above, users may want to test if the resources are reclaimed before the object is reclaimed.  Without a finalizer, there is no way of such a test.

COMPATIBILITY:
This feature is compatible with ANSI X3.23‑1985 as amended by ANSI X3.23a‑1989 and ANSI X3.23b‑1993 except for the addition of a reserved word FINALIZER.

DISCUSSION:
Initial Investigation

There are several design issues for the finalizing method.  Followings are the issues and the author's decisions.

(1) Do you want a bulletproof finalizer?  Should all finalizers be invoked after the corresponding object is no longer used in the run unit under any conditions?

No.  This issue is related to the garbage collector design.  For the purposes of the Standard, we believe the preciseness of the collector is up to the implementor.  The Standard should say that all finalizers should be invoked before the termination of the run unit.  But this may not be possible just as CLOSE for files might be impossible when the machine is, say, burning.

(2) Do you want a finalizer to be invoked as soon as the corresponding object becomes non-participating in the run unit? (Note that this question asks for immediate detection of garbage objects, too.)

Up to the implementor.  Firstly, implementor should be free to choose garbage collection algorithm.  Efficient garbage collector tends to delay detection of dead objects.  Secondly, it should also be up to the implementor how long it takes to actually reclaim an object from the time when the object is detected as dead.

(3) How would the finalizer method be invoked?

The COBOL runtime environment can invoke the finalizer method that represents a particular object, and only once.  The user code in the finalizer method can invoke the finalizer method defined in the super class(es).

(4) What would be the relationship between the order of invocation of the finalizer methods in one object and the class inheritance hierarchy?

Basically they have no relationship.  The finalizer that is defined for the class at the bottom of the class hierarchy is invoked by the COBOL runtime environment.  Within the class hierarchy, user is responsible for writing code so the first invocation of the finalizer method by the COBOL runtime environment leads to invoke all finalizer method in its superclasses.

In this case the method invocation order will be depth first manner.  Is width first is our choice?  If so, only COBOL runtime environment can manage the order and we have to change the design so user code will not invoke finalizer methods.

(5) How do you protect a finalizer method from being invoked more than once in the case of diamond inheritance?

User should write a finalizer so it can be safe even when it is called more than once.  This means that the user code should remember whether the finalizer has been invoked.

(6) In which order will the finalizers be invoked by the COBOL runtime environment with regard to the object reference graph?  How about cyclic graph?

It should be undefined or implementor-defined.  The order could be defined in someway.  The topological order is a good candidate.  But cycles in the object graph prevent a topological sort.

Further, if a finalizer needs to invoke a method for the already dead object.  But this object might already be finalized and the invocation may be invalid.  Thus we add the rule that the invocation of a method using the finalized object causes a fatal exception.

By these decisions, users have to code their finalizers so that their invocation order does not matter.

(7) How do you solve the reviving dead object problem?  Suppose we have dead but not yet finalized objects A and B, A has a reference to B, and the COBOL environment invokes the finalizer for A first.  The finalizer may place A's reference to B into a live object.  At this point, neither invoking finalizer for B nor reclaiming B will be correct.

Let's prohibit the attempt to put the object reference to a dead object into a live object.

(8) Should the finalizer method be as a normal one?

We decide that the finalizers are special or "pseudo" methods.  It will be in the inheritance.  More importantly, it will not be in the interface.

Meeting 218:

The paper 99-0062 was discussed and the following straw votes were taken.

SV:
Remove the user invocation of finalizers.

Finalizers are special methods that are not inherited – the proposal is contradictory in this regard.

Finalizers are automatically invoked by the runtime system once and only once for each class in an inheritance hierarchy.

A default finalizer that does nothing is created for any class that does not have a user coded finalizer method.



All present: 9-0-0
members only: 6-0-0

SV:
Remove general rule 7 on page 4 of the proposal and add a definition of object lifecycle analogous to the Java object lifecycle.



All present: 8-0-1
members only: 5-0-1

The following points were also made.

Add a definition of finalizer exception handling.  For example:  What happens if an exception occurs in a finalizer and propagation is on;  consider, as in Java, ignoring exceptions in finalizer by quitting for an unhandled finalizer and continue with the next finalizer; add a rule that all objects are finalized at the time of STOP RUN or when a run unit is terminated due to an unhandled exception; and investigate whether the GC method is appropriate for garbage collection schemes that use reference counting.

The authors are requested to rewrite 99-0062.

Post Meeting 218:

Authors made following decisions.

a)  Remove the user invocation of finalizers.

Done.  Methods without name cannot be invoked.  We didn't touch the invocation related rules.

b)  Finalizers are special methods that are not inherited

Done.

c)  Finalizers are automatically invoked by the runtime system once and only once for each class in an inheritance hierarchy.

Done.  We used topological order.

d)  A default finalizer that does nothing is created for any class that does not have a user coded finalizer method.

This is the matter of specification.  We do not add such a default finalizer.

e)  Add a definition of object lifecycle analogous to the Java object lifecycle.

Done.  Unlike Java, state transition of an object is one way by our specification.

f)  What happens if an exception occurs in a finalizer and propagation is on?

A finalizer is only one of the normal methods in this regard.  We believe that continuing execution is not practical after abnormal termination.

g)  Add a rule that all objects are finalized at the time of STOP RUN or when a run unit is terminated due to an unhandled exception.

Done for STOP RUN case.  The effect of the unhandled exception stays the same as normal methods.

h)  Investigate whether the GC method is appropriate for garbage collection schemes that use reference counting.

Since reference counting cannot find all dead objects, there should be a mechanism to trigger an overhaul of memory.  On the other hand, implementers are free to ignore the invocation of GC method.

Meeting 221:

Document 99-0260 was discussed.

There was consensus to disallow invocation using SELF within the finalizer.

By the following straw vote, a new source element AUTO-METHOD, which can be invoked only by the runtime system, was introduced and finalizer became only a kind of auto-method.

SV:
Change the syntax in propossal item 4 to be AUTO-METHOD.  FINALIZER.



All present: not taken
members only: 8-0-1

By consensus, committee dropped the rule that prohibits specifying a FILE SECTION in a finalizer definition.

By consensus, the name of GC method was changed to InvokeFinalizers.

SV:
The InvokeFinalizers method should determine which object can no longer be reached using the implementor-defined mechanism for garbage collection.



All present: not taken
members only: 8-0-1

Meeting 222:
Paper J4/99-0441 was discussed.

By consensus, the state "reachable" was deleted.  With understanding that this state represents nothing but before "finalizable," the committee could not find a meaningful definition of it.

By consensus, the restriction of invocation using SELF and SUPER was removed.

It is pointed out that the restriction of files in finalizers was not removed as directed at the meeting 221.  (This was authors' mistake.)  Specifying a report section in finalizer was changed to be allowed.

Post Meeting 222:
Although the committee directed authors to delete the term "reachable", we do not agree with this change after seeing the awkward wording without this term in several places.  The authors also believe that it is important to keep terms that cover all states of the object life cycle.  The term "reachable" is kept with the definition mirroring the one for "finalizable."

Storage for an object is allocated by invoking the New method according to 16.1.1.1, New method, GR1) (page 655).  But nothing is said in CD1.7 about deallocation of the storage when an object is destroyed.  We added descriptions that storage for an object is reclaimed when it is destroyed.

A finalizer cannot return or propagate exceptions.

Finalization may, or should, cause side effects.  As far as the effect has nothing to do with the program logic proper, this is fine.  But we cannot introduce such restrictions because any program and live object can take part in the finalization.  Simultaneous execution of finalizer makes the situation worse:  finalization may change the value of data item while a statement in the program proper is using the item.  Therefore we introduce following semantics.

a) A finalizer is invoked just before execution of the next statement.  A hypothetical invocation statement is inserted before execution of the next statement.

b) Finalizers are invoked one by one.

c) Objects are finalized one by one.

Finalization may activate a non-recursive program recursively.  We do nothing on this and it remains user's responsibility.

STOP RUN causes finalization.  Finalization should take place before any implicit CLOSE and FREE.  We introduce such sequence.

There may be following funny cases.

a) STOP RUN under finalizer invocation.

b) STOP RUN under finalizer invocation under STOP RUN in the program proper.

c) Abnormal termination under finalizer invocation.

d) Abnormal termination under finalizer invocation under STOP RUN statement.

We specify that STOP RUN under finalization causes abnormal termination and abnormal termination makes all objects unreachable immediately.

Meeting 223:
PROPOSED CHANGES TO BASE DOCUMENT:
 AUTONUM 
Pages 8-30, 4.xxx, Definitions.  Add the following new items in alphabetical order.

"auto-method:  A special kind of method that is invoked only by the runtime system."

"finalizer:  A kind of auto-method that is invoked by the runtime system before the storage of an instance object or a factory object is reclaimed."

 AUTONUM 
Page 8, 4.5, Definitions,  activated runtime element.  Replace with the following.

"A function, method, auto-method, or program placed into the active state."

["by a statement" part is also deleted.  Finalizers are invoked by the runtime system and the very first runtime element may be activated by the operating system.]

 AUTONUM 
Page 8, 4.7, Definitions,  activating runtime element.  Change in part to read:

"A function, method, auto-method, or program ..."
 AUTONUM 
Page 8, 4.8, Definitions,  active state.  Change in part to read:

"The state of a function, method, auto-method, or program ..."

 AUTONUM 
Page 10, 4.50, Definitions,  calling runtime element.  Change in part to read:

"A function, method, auto-method, or program ..."

 AUTONUM 
Page 16, 4.162, Definitions,  execution time.  Change in part to read:

"The time at which a function, method, auto-method, or program ..."

 AUTONUM 
Page 19, 4.231, Definitions,  initial state.  Change in part to read:

"The state of a function, method, auto-method, or program ..."

 AUTONUM 
Page 20, 4.256, Definitions,  last exception status.  Change in part to read:

"... raised in the function, method, auto-method, or program, ..."

 AUTONUM 
Page 23, 4.317, Definitions,  object (instance).  Change in part to read:

"A unit consisting of data, and the methods and auto-method ..."

 AUTONUM 
Page 23, 4.319, Definitions,  object data.  Change in part to read:

"..., excluding data described in its methods and auto-method."

 AUTONUM 
Page 28, 4.416, Definitions,  runtime element.  Change in part to read:

"... a function, method, auto-method, or program."

 AUTONUM 
Page 67, 7.2.14.3, PROPAGATE directive, general rule 1).  Add the following as the second sentence.

"The PROPAGATE directive has no effect on auto-methods."

 AUTONUM 
Page 109, 8.4.2.8, SELF and SUPER, lead-in.  Change in part to read:

"... the current method or auto-method is executing."

 AUTONUM 
Page 109, 8.4.2.8.2, SELF and SUPER, syntax rule 1).  Replace with the following.

"This identifier format may be specified only in a method definition or an auto-method definition."
[We also changed "shall" to "may".]

 AUTONUM 
Page 109, 8.4.2.8.3, SELF and SUPER, general rule 1).  Replace with the following.

"In the method definition, SELF and SUPER both reference the object that was used to invoke the method.  In the auto-method definition, SELF and SUPER both reference the object that was used by the runtime system to invoke the auto-method."

 AUTONUM 
Page 118, 8.4.5.10, Scope of parameter-names.  Change the reference. [a proposal item below changes the clause number.  Actual number may not be correct.]
"... 11.7, INTERFACE-ID paragraph."  -> "... 11.8, INTERFACE-ID paragraph."

 AUTONUM 
Page 127, 8.6.3, Automatic, initial, and static items, seventh paragraph (at bottom of page).  Change in part to read:

"... the same program, function, method, or auto-method share ..."

 AUTONUM 
Page 148, 8.9, Reserved words.  Add the word "AUTO-METHOD" in alphabetical order.

 AUTONUM 
Page 151, 8.10, Context-sensitive words.  Add the following entry in alphabetical order.

"FINALIZER
AUTO-METHOD paragraph"

 AUTONUM 
Page 157, 9.1.2, File connector, second paragraph, the last bullet.  Change in part to read:

"... when the object is destoryed."

[ For the consistency of terminology. ]

 AUTONUM 
Page 167, 9.1.19, Files in Methods.  Add the following as the second sentence.

"When a file section is specified in an auto-method, one file connector is shared among all invocations of that auto-method."

 AUTONUM 
Page 171, 9.3.1, Objects and classes.
a) first paragraph, first sentence.  Change in part to read:

"... and shares the methods and auto-method defined in its class definition."

b) first paragraph, third sentence.  Change in part to read:

"... the data, and the methods and auto-method that may be invoked ..."

c) second paragraph, first sentence.  Change in part to read:

"... set of data, methods, and auto-method."

 AUTONUM 
Page 175, 9.3.11, Parameterized classes, second paragraph.  Change the reference.

"9.3.13.3"  ->  "9.3.14"

 AUTONUM 
Page 175, 9.3.12, Parameterized interfaces, second paragraph.  Change the reference.

"9.3.13.4"  ->  "9.3.15"

 AUTONUM 
Page 175, 9.3.13.1, Life cycle for factory object, second paragraph.  Replace with the following:
"A factory object is destroyed after it has been placed in unreachable state.  The storage allocated for the factory object is reclaimed when it is destroyed."

 AUTONUM 
Page 175, 9.3.13.2, Life cycle for object, second paragraph.  Replace with the following:

"An object is destroyed after it has been placed in unreachable state.  The storage allocated for the object is reclaimed when it is destroyed."

 AUTONUM 
Page 175, 9.3.13.2, Life cycle for object.  Delete the 3rd paragraph.

 AUTONUM 
Page 175, 9.3.13, Object life cycle.  Renumber the clause numbers as follows:

9.3.13.3 -> 9.3.14
(Life cycle for parameterized classes)

9.3.13.4 -> 9.3.15
(Life cycle for parameterized interfaces)

 AUTONUM 
Page 175, 9.3.13, Object life cycle.  Insert the following new clauses after 9.3.13.2, Life cycle for objects.

"9.3.13.3  Object finalization
An auto-method, finalizer, is invoked by the runtime system before an instance object or a factory object is destroyed.  The execution of finalizers on an object is called finalization of the object.  The execution of other runtime elements that may be caused by the execution of a finalizer is part of finalization.
If more than one finalizer is defined in a class inheritance hierarchy of an object being finalized, each finalizer shall be invoked after all finalizers that are defined in subclasses within that hierarchy have been invoked.  There may be more than one possible order of invocation.  It is undefined in which variation of orders the finalizers are invoked.  Each finalizer associated with an object shall be invoked at most once for that object.  During execution of a finalizer, no other finalizers shall be invoked.

The finalization of an object is completed when control is returned to the runtime system after all associated finalizers have been executed on the object.  During finalization of an object, no other objects shall be under finalization.  The order of finalization among the objects is undefined.
During execution of the run unit, the timing for finalizer invocation is undefined except that the runtime system invokes a finalizer only at the time when control is being transferred to a statement.

NOTE – Finalizer invocations may cause side effects on the procedure proper.  The side effect can take place only before execution of the next statement.

9.3.13.4  State transitions of objects

An object life cycle consists of four states:  reachable, finalizable, finalized, and unreachable.  The state transitions are in the order listed below.  The state transitions at the time when run unit is terminating are described in 14.7.6, Run unit termination.

1)
Reachable
The object has been created and it is determined that the object can be referenced from one or more runtime elements that are not part of finalization.  Reachable objects may be referenced during the finalization of finalizable objects.

2)
Finalizable
It is determined that the object can no longer be referenced from any of the runtime elements that are not part of finalization.  The timing and algorithm for determining finalizable objects is implementor-defined and may be affected by invoking InvokeFinalizers method defined in the standard class BASE.  If no finalizer is associated with an object in this state, the state of the object transitions to the finalized state.  If one or more finalizers are associated with an object in this state, the finalizers are invoked by the runtime system on the object.  Finalizable objects may be referenced during the finalization of other finalizable objects.
3)
Finalized
All finalizers associated with the object have been invoked and completed.  One or more finalizable objects reference this object directly or indirectly through one or more finalized objects.  Finalized objects may be referenced during the finalization of finalizable objects.

4)
Unreachable
The object has been finalized and no other finalizable object references this object directly or indirectly.  This state indicates that the object may be destroyed.  The timing when the object in this state is destroyed is implementor-defined.
NOTE – An object reference to a finalizable object or a finalized object is not allowed to be implicitly or explicitly assigned to a data item defined in a runtime element that is not part of finalization.  Therefore, neither finalizable objects nor finalized objects will become reachable again.

"

 AUTONUM 
Page 177, 10.2, Source units, bulleted list, 7th and 8th bullets.  Replace with the followings.

"— a factory definition, including its method and auto-method definitions

— an object definition, including its method and auto-method definitions"

 AUTONUM 
Page 177, 10.2, Source units, bulleted list.  Insert the following entry after "— a method definition".

"— an auto-method definition"

 AUTONUM 
Page 178, 10.3, Contained source unit, first paragraph from top of page, second sentence.  Change in part to read:

"The methods and auto-methods within ..."

 AUTONUM 
Page 178, 10.4, Source elements and runtime elements, last paragraph.  Change in part to read:

"... compilation of a function, a method, an auto-method, or a program containing ..."

 AUTONUM 
Page 178-182, 10.4.1.1 COBOL compilation group, general format.  Insert the following at the end.

"where auto-method-definition is:

[ IDENTIFICATION DIVISION. ]

AUTO-METHOD.  FINALIZER.

[ options-paragraph ]

[ environment-division ]

[ data-division ]

[ procedure-division ]

END  AUTO-METHOD.

"

 AUTONUM 
Page 182, 10.4.1.2, COBOL compilation group, syntax rule 4).  Change in part to read:

"The data division of an auto-method or a method in a class definition ..."

 AUTONUM 
Page 183, 10.5.1, End markers, general format.  Add the following in the stack, between METHOD and INTERFACE.

"AUTO-METHOD"

 AUTONUM 
Page 185, 11, Identification division, first paragraph.  Change in part to read:
"..., factory object, object, method, auto-method, or interface."

 AUTONUM 
Page 185, 11.1, Identification division, general format.  Add a new entry 
"auto-method-paragraph" under "method-id-paragraph" in the stack.

 AUTONUM 
Page 193, Insert the following new clause before 11.7, INTERFACE-ID paragraph, renumbering the clauses that follow.
"11.6a  AUTO-METHOD paragraph

The AUTO-METHOD paragraph indicates that this identification division is introducing an auto-method definition.

11.6a.1  General format

Format 1 (finalizer):

AUTO-METHOD.  FINALIZER.

11.6a.2 General rules

1)
An auto-method definition indicates that this source element defines an auto-method.  Only the runtime system invokes the auto-method.

2)
An auto-method definition is not included in the interface of the object.

3)
An auto-method definition is not inherited from a superclass.

NOTE – More than one auto-method definition may be specified in a class inheritance hierarchy.

[This ISO note looks like a rule.  But the author could not find an appropriate place to specify such a rule.  Nothing will be lost if we delete this note.]

4)
The FINALIZER clause specifies that this auto-method definition is a finalizer.

5)
A finalizer for an object shall be invoked as described in 9.3.13.3, Object finalization, and in 9.3.13.4, State transitions of objects.

"

 AUTONUM 
Page 199, 12.2.2, Configuration section, syntax rule 2).  Change in part to read:

"... in a method or an auto-method definition."

 AUTONUM 
Page 218, 12.3.2, Input-output section, syntax rule 1), second sentence.  Change in part to read:

"... only in a factory definition, an object definition, a method definition, or an auto-method."

 AUTONUM 
Page 223, 12.3.4.2, File control entry, syntax rule 2), second sentence.  Change in part to read:

"... the same factory, function, method, auto-method, object, or program."

 AUTONUM 
Page 235, 12.3.4.11.3, RECORD DELIMITTER clause, general rule 1), second sentence.  Change in part to read:

"... within the function, method, auto-method, or program."

 AUTONUM 
Page 243, 13.3.2, File section, syntax rule 1), second sentence.  Change in part to read:
"... in a factory definition, an object definition, a method definition, or an auto-method definition."

 AUTONUM 
Page 249, 13.4.2, Working-storage section, syntax rule 1).  Change in part to read:

"... in a program, function, object, factory, or auto-method definition, or in a method definition contained in a class definition."

 AUTONUM 
Page 249, 13.4.3, Working-storage section, general rule 1).  Change in part to read:
"... an object, a method, or an auto-method are static data."

 AUTONUM 
Page 250, 13.5, Local-storage section, lead-in, first sentence.  Change in part to read:

"... of a program, function, method, or auto-method."

 AUTONUM 
Page 250, 13.5.2, Local-storage section, syntax rule 1).  Change in part to read:

"... in a program, function, or auto-method definition, or in a method definition contained in a class definition."

 AUTONUM 
Page 255, 13.8, Screen section.  Add the following new clause:

"13.8.2  Syntax rules
1)
The screen section shall not be specified within an auto-method definition."

 AUTONUM 
Page 307, 13.16.28.2, GLOBAL clause, syntax rule 4).  Change in part to read:

"... in a factory definition, an object definition, a method definition, or an auto-method definition."

 AUTONUM 
Page 382, 13.16.61.2, USAGE clause, syntax rule 15).  Change in part to read:

"..., an object definition, the linkage or local-storage section of a method definition, or the local-storage section of an auto-method definition."

 AUTONUM 
Page 384, 13.16.61.3, USAGE clause, general rule 14)e), first sentence.  Change in part to read:

"... was used to invoke the method or the auto-method in which ..."

 AUTONUM 
Page 394, 14, Procedure division, lead-in.
a) first paragraph.  Change in part to read:
"The procedure division in a function, a method, an auto-method, or a program ..."

b) second paragraph.  Change in part to read:
"... contains the methods and auto-method that may be ..."

 AUTONUM 
Page 394, 14.1, Procedure division, general format, format 3 (object-oriented).  Change

"[ { method-definition } ... ]"

to

"[ [ auto-method-definition ] [ method-definition ] ... ]"

[thus the finalizer definition can be specified only once in an object or a factory definition.]

 AUTONUM 
Page 395, 14.1, Procedure division, general format, under "where the following meta-language terms are described in the indicated paragraphs".  Add the following entry under the entry for "method-definition".

"auto-method-definition
10.4.1, COBOL compilation group"

 AUTONUM 
Page 395, 14.2, Procedure division, syntax rules.  Add the following new rule 1) under the header "FORMATS 1 and 2", and renumber the following rules accordingly:

"1)
The USING, RETURNING, and RAISING phrases shall not be specified in an auto-method definition."

 AUTONUM 
Page 395, 14.2, Procedure division, syntax rule 12) (was 11).  Change in part to read:

"... a method definition, an auto-method definition, a program definition, or ..."

 AUTONUM 
Page 396, 14.2, Procedure division, syntax rule 16) (was 15).  Change in part to read:

"... shall not contain a declarative portion or a auto-method definition."

 AUTONUM 
Page 397, 14.3, Procedure division, general rule 14).  Change in part to read:

"... in every contained method definition or auto-method definition."

 AUTONUM 
Page 399, 14.6, Procedural statements and sentences, first paragraph.  Change in part to read:

"... by a function, method, auto-method, and program."

 AUTONUM 
Page 401, 14.7.1.1, State of a function, method, or program, first paragraph.

a) first sentence, change in part to read:
"The state of a function, method, auto-method, or program ..."

b) second sentence, change in part to read:
"When a function, method, auto-method, or program is ..."

 AUTONUM 
Page 402, 14.7.1.1.1, Active state. Insert the following between the third and fourth paragraphs (between the second and third from top of page).

"An instance of an auto-method is placed in an active state when it is successfully activated and remains active until the execution of a STOP statement or implicit or explicit auto-method format of the EXIT statement within this instance of this auto-method."

 AUTONUM 
Page 402, 14.7.1.1.1, Active state, last paragraph.  Replace with the following.

"Whenever an instance of a function, method, auto-method, or program is activated, the control mechanisms for all PERFORM statements contained in that instance of the function, method, auto-method, or program are set to their initial states and the initial function, method, auto-method, or program collating sequences are in effect."

 AUTONUM 
Page 402, 14.7.1.1.2, Initial and last-used states of data.  Change in part to read:

"When a function, method, auto-method, or program is activated, ..."

 AUTONUM 
Page 402, 14.7.1.1.2.1, Initial state.

a) first paragraph.  Change in part to read:

"... the function, method, auto-method, or program in which ..."

b) second paragraph, item 1).  Change in part to read:

" The first time the function, method, auto-method, or program in which ..."

c) third paragraph.  Change in part to read:

"When data in a function, method, auto-method, or program is placed ..."

d) third paragraph, item 2).  Change in part to read:

"The function, method, auto-method, or program's internal file connectors ..."

 AUTONUM 
Page 403, 14.7.1.2, Initial state of data associated only with an object, first paragraph, second sentence.  Change in part to read:

"... as when data in a function, method, auto-method, or program is placed in ..."

 AUTONUM 
Page 403, 14.7.2, Explicit and implicit transfers of control, sixth paragraph (at bottom of page), first sentence.  Change in part to read:

"... when the function, method, auto-method, or program contains ..."

 AUTONUM 
Page 404, 14.7.2, Explicit and implicit transfers of control, sixth paragraph, which starts at bottom of page 403, item 4).  Change in part to read:

"..., EXIT METHOD statement, EXIT AUTO-METHOD statement, or EXIT PROGRAM statement that ..."

 AUTONUM 
Page 404, 14.7.2, Explicit and implicit transfers of control, last paragraph, which starts with "When there is no next executable statement...".  Renumber item 3) as 4) and insert the following new numbered item 3).

"3)
in an auto-method, execution is in the nondeclaratives procedures portion in which case an implicit EXIT AUTO-METHOD statement is executed."

 AUTONUM 
Page 405, 14.7.6, Run unit termination.  Replace the only paragraph with the following.

"When the run unit is being terminated, followings occur in the order specified.

1)
All objects are placed into unreachable state in the following manner.

a)
If the run unit is terminated normally, all reachable instance objects are placed into finalizable state and all instance objects are eventually finalized and become unreachable.  Then all factory objects are placed into finalizable state and are eventually finalized and become unreachable.  If the finalization in this rule causes abnormal termination of the run unit, rule 1a below applies immediately.

b)
If the run unit is terminated abnormally, all instance objects, including the one being finalized, and all factory objects are placed directly into unreachable state without invoking finalizers.

2)
All file connectors in the open mode are closed in the following manner.

a)
If the run unit is being terminated under the execution of a STOP statement, an implicit CLOSE statement without any optional phrases is executed for each file that is in the open mode in the run unit.  These implicit CLOSE statements shall be executed for all such files, even when an error occurs during the execution of such CLOSE statements.  Any USE procedures associated with any of these files are not executed.
b)
Otherwise, the file connectors are closed as described in 9.1.2 File connector.

3)
Any storage obtained with an ALLOCATE statement and not released with a FREE statement is released.

4)
All objects are destroyed and the storage allocated for objects is reclaimed.

5)
The locale may be reset to the locale in effect when the run unit was activated.  It is implementor defined whether the locale is reset. 

"

 AUTONUM 
Page 406-407, 14.7.9.2, Exception conditions, first paragraph, third sentence.  Change in part to read:

"... entity that exists for each function, method, auto-method, or program ..."

 AUTONUM 
Page 408, 14.7.9.2.1 Normal completion of a declarative procedure, item 1).  Change in part to read:

"... , EXIT METHOD, EXIT AUTO-METHOD, EXIT PROGRAM, GOBACK, ... specified in this function, method, auto-method, or program ..."

 AUTONUM 
Pages 409-413, table 11.  Add the following new entry below the entry EC-OO-EXCEPTION.

"
EC-OO-FINALIZABLE
Fatal
Invalid assignment of a finalizable or finalized object reference.

"

 AUTONUM 
Page 434, 14.10.4.3, CALL statement, general rule 1).  Change in part to read:

"The instance of the program, function, method, or auto-method that executes..."

 AUTONUM 
Page 457, 14.10.13, EXIT statement, lead-in.  Add the following after the third sentence.

"The EXIT AUTO-METHOD statement marks the logical end of the execution of an auto-method."

 AUTONUM 
Page 457, 14.10.13.1, EXIT statement, general format.  Renumber formats 5 and 6 as 6 and 7, respectively, and add the following new format below the format 4 (function).

"Format 5 (auto-method):

EXIT AUTO-METHOD

"

 AUTONUM 
Page 459, 14.10.13.2, EXIT statement, syntax rules.  Renumber the FORMAT header numbers 5 and 6 as 6 and 7, respectively, renumber the rules 10 and 11 as 11 and 12, respectively, and add the following new rule 10) with a FORMAT header after SR9).

"FORMAT 5

10)
An EXIT AUTO-METHOD statement shall be specified only in an auto-method procedure division.

"

 AUTONUM 
Page 459, 14.10.13.3, EXIT statement, general rules.

a) change the FORMAT header between general rules 1) and 2) as:
"FORMATS 2, 3, AND 4"  ->  "FORMATS 2, 3, 4, AND 5"

b) insert the following FORMAT header between general rules 2) and 3).
"FORMATS 2, 3, AND 4"
 AUTONUM 
Page 459, 14.10.13.3, EXIT statement, general rule 2).  Change in part to read:

"... in the same function, method, auto-method, or program as the function format, method format, auto-method format, or program format EXIT statement respectively, ..."

 AUTONUM 
Page 460, 14.10.13.3, EXIT statement, general rules.  Renumber the FORMAT header numbers 5 and 6 as 6 and 7, respectively, renumber the rules 8, 9, 10, and 11 as 9, 10, 11, and 12, respectively, and add the following new rule 8) with a FORMAT header after GR7).

"FORMAT 5

8)
The execution of an EXIT AUTO-METHOD statement causes the executing auto-method to terminate, and control to return to the runtime system.
"

 AUTONUM 
Page 465, 14.10.17.2, GO BACK statement, syntax rule 2).  Change in part to read:

"... shall not be specified in a method, auto-method, or a function."

 AUTONUM 
Page 480, 14.10.22.3, INVOKE statement, general rule 1).  Change in part to read:

"The instance of the program, function, method, or auto-method that executes ..."

 AUTONUM 
Page 488, 14.10.24.3, MOVE statement, general rules.  Add the following new rule 3), renumbering the rules that follow:

"3)
If the sending operand is a group item that contains one or more object references and if at least one of them references an object in the finalizable or finalized state, the receiving operand shall be defined in a finalizer definition, in a local-storage section of a program, function, or method definition, or in an object or a factory definition of the object that is in the finalizable or finalized state.  Otherwise, the EC-OO-FINALIZABLE exception condition is set to exist.

"

 AUTONUM 
Page 513, 14.10.31.2, RESUME statement, syntax rule 3).  Change in part to read:

"... portion of the function, method, auto-method, or program."

 AUTONUM 
Pages 528-529, 14.10.35.2, SET statement, syntax rules.

a) syntax rule 10e) 1.  Change in part to read:

"if the SET statement is contained in a method or an auto-method within the FACTORY unit..."

b) syntax rule 10e) 2.  Change in part to read:

"if the SET statement is contained in a method or an auto-method within the OBJECT unit ..."

c) syntax rule 11c) 3.  Change in part to read:

"... without a FACTORY phrase, the method and auto-method containing the SET statement ..."

d) syntax rule 11c) 4.  Change in part to read:

"... with a FACTORY phrase, the method or auto-method containing the SET statement ..."

e) syntax rule 12b) 1.  Change in part to read:

"... without a FACTORY phrase, the method or auto-method containing the SET statement ..."

f) syntax rule 12b) 2.  Change in part to read:

"... with a FACTORY phrase, the method or auto-method containing the SET statement ..."

 AUTONUM 
Page 531, 14.10.35.3, SET statement, general rules.  Add the following new rule 11) under the header FORMAT 5, renumbering the rules that follow:

"11)
If the object identified by identifier-5 is in the finalizable or finalized state, the data item identified by identifier-4 shall be defined in a finalizer definition, in a local-storage section of a program, function, or method definition, or in an object or a factory definition of the object that is in the finalizable or finalized state.  Otherwise, the EC-OO-FINALIZABLE exception condition is set to exist.

"

 AUTONUM 
Page 543, 14.10.38.3, STOP statement, general rules 1) and 2).  Replace with the followings.
"1)
If the STOP statement is executed under control of a finalizer execution, the execution of the run unit terminates abnormally.  Otherwise, the execution of the run unit terminates normally.

2)
During execution of a STOP statement, operations take place as described in 14.7.6, Run unit termination.
"

[Descriptions on releasing allocated storage and the implicit CLOSE statements are moved to 14.7.6, Run unit termination.]

 AUTONUM 
Page 655, 16.1, BASE class.  Replace the definition of BaseFactoryInterface with the following.  [This also removes the erroneous hyphen in "End-method New" in CD1.7.]
"

Interface-id. BaseFactoryInterface.

Procedure division.

   Method-id. New.

   Data division.

   Linkage section.

   01 outObject usage object reference active-class.

   Procedure division returning outObject.

   End method New.

   Method-id. InvokeFinalizers.

   Procedure division.

   End method InvokeFinalizers.

End Interface BaseFactoryInterface.

"

 AUTONUM 
Page 655, 16.1, BASE class.  Renumber 16.1.2 as 16.1.3 and add following new clause.

"16.1.2 InvokeFinalizers method

The InvokeFinalizers method is a factory method that triggers the cleanup of the instance objects to be destroyed and the resources held in those objects.
NOTE – This method can be invoked by specifying in an INVOKE statement a class-name of an arbitrary class that inherits the BASE class directly or indirectly.   The specified class-name is irrelevant to the behavior of this method.

16.1.2.1 General Rules

1)
The InvokeFanalizers method shall be implemented as if it were defined with a FINAL clause.

2)
When the InvokeFinalizers method is invoked, the following occurs in the order specified:

a)
If applicable to the implementation, the runtime system examines whether more instance objects can be put into finalizable state.

b)
The set of reachable objects, finalizable objects, and finalized objects are determined.

c)
Finalization is performed on the objects in the set of finalizable objects determined in rule b above.  All objects that have been in either of the sets of finalizable or finalized objects determined in rule b above become unreachable.
"

SUBSTANTIVE CHANGES (NOT AFFECTING):
NONE.

SUBSTANTIVE CHANGES (POTENTIALLY AFFECTING):


Page 822, D.1, Substantive changes potentially affecting existing programs, 6) reserved words.  Add "AUTO-METHOD" in the list in alphabetical order.

OBSOLETE LANGUAGE ELEMENT LIST:
NONE.

ARCHAIC LANGUAGE ELEMENT LIST:
NONE.

IMPLEMENTOR-DEFINED LANGUAGE ELEMENT LIST:


Page 681, Annex B.1, Implementor-defined language element list, item 12), ARITHMETIC clause (techniques used in handling arithmetic expressions and intrinsic functions).  Change the reference. [after the above change proposal that renumber the clauses is applied.  Actual number may not be correct.]
"11.9.4, ARITHMETIC clause, ..." -> "11.10.4, ARITHMETIC clause, ..."

Page 681, Annex B.1, Implementor-defined language element list, item 17), CALL-CONVENTION clause (call-convention-names and their meanings).  Change the reference. [after the above change proposal that renumber the clauses is applied.  Actual number may not be correct.]
"11.9.5, CALL-CONVENTION clause, ..." -> "11.10.5, CALL-CONVENTION clause, ..."

Page 681, Annex B.1, Implementor-defined language element list, item 18), CALL-CONVENTION clause (call-convention used when none specified).  Change the reference. [after the above change proposal that renumber the clauses is applied.  Actual number may not be correct.]
"11.9.5, CALL-CONVENTION clause, ..." -> "11.10.5, CALL-CONVENTION clause, ..."

Page 687, Annex B.1, Implementor-defined language element list, item 113), Life cycle for objects.  Replace the item with the following.

"113)
States of an object (timing and algorithm for determining finalizable objects and when to destroy unreachable objects).  This item is required. This item shall be documented in the implementor's user documentation.  (9.3.13.4, State transitions of objects)"
Page 688, Annex B.1, Implementor-defined language element list, item 123), Native arithmetic (techniques used in handling arithmetic expressions).  Change the reference. [after the above change proposal that renumber the clauses is applied.  Actual number may not be correct.]
"... 11.9.4, ARITHMETIC clause, ..." -> "... 11.10.4, ARITHMETIC clause, ..."

Page 692, Annex B.1, Implementor-defined language element list, item 176), SET statement (default locale).  Change the reference. [after the above change proposal on SET statement is applied.]
"14.10.35, SET statement, general rules 22 and 23..."

  ->  "14.10.35, SET statement general rules 23 and 24 ..."

Page 692, Annex B.1, Implementor-defined language element list, item 177), SET statement (effect of SET on program whose address is being stored in a program-pointer).  Change the reference. [after the above change proposal on SET statement is applied.]
"14.10.35, SET statement, general rules 21"

  ->  "14.10.35, SET statement general rules 16"

PROCESSOR DEPENDENT ELEMENT LIST:
NONE.

UNDEFINED LANGUAGE ELEMENT LIST:


Page 695, Annex B.2, Undefined language element list.  Add following items in alphabetical order.

"xx)  Order of finalization among objects.  The order of finalization among the objects is undefined. (9.3.13.3, Object finalization)

xx)  Order of finalizer invocation within an object.  The choice of possible variations of the finalizer invocation order within an object is undefined.  (9.3.13.3, Object finalization)
xx)  Timing for finalizer invocation.  During execution of the run unit, the timing for finalizer invocation is undefined. (9.3.13.3, Object finalization)"
Page 698, Annex B.2, Undefined language element list, item 30).  Change the reference. [after the above change proposal on MOVE statement is applied.]
"14.10.24, MOVE statement, general rules 4b and 4d, ..."

  -> "14.10.24, MOVE statement, general rules 6b and 6d, ..."

INDEX:


Add the following:

"auto-method
11.6a

AUTO-METHOD phrase

EXIT statement
14.11.13
EC-OO-FINALIZABLE exception
14.10.24.3, gr 3  and  14.10.35.3, gr 11

EXIT AUTO-METHOD
14.11.13

finalizable 
9.3.13.4
finalization
9.3.13.3
finalized 
9.3.13.4
finalizer
11.6a

InvokeFinalizers method
16.1.2

Object

state transition of
9.3.13.4
reachable
9.3.13.4
state transition of object
9.3.13.4

unreachable 
9.3.13.4"

SUMMARY OF CHANGES MADE TO ADOPT JOD 1993:
NONE.

RESOLVED ISSUES:
1.
We could not find any description of memory management in the sense of ALLOCAT/FREE and object instantiation.  If the word "garbage collection" can be introduced, the rules might become simpler for lifecycles of object.
By consensus, we are not going to introduce the term "garbage collection."
2.
The general format for method definition on page 170, 10.1.1.1 COBOL compilation group has no prior reference, although it starts with "where method definition is:"  We do not intend to fix this reference and our proposal follows the existing specification.
Format 3 Procedure division on page 38, 14.1, Procedure division, GF, is the reference.  This paper does not fix this backward reference.
3.
The specifications in which source element a data division section can be specified are inconsistent.  We do not try to fix this, either.
Don Schricker volunteered to investigate this issue.
4.
Prohibiting SELF and SUPER in a finalizer is (probably) to prevent unexpected method binding.  But is it really necessary?
No, not necessary. (M-222)

OPEN ISSUES:
1.
Some members of the committee expressed that the documentation requirement for the garbage collection was not appropriate.  This paper, as of 99-0441, does not change this requirement from what was stated in the base document.  One of the authors feels, however, that it is sometimes important to know the garbage collection algorithm if you want to tweak your program.
2.
Descriptions of the implicit CLOSE statement in 9.1.2, File connector are slightly different from the ones in 14.10.38 STOP statement.  We gathered the information at 14.7.6, Run unit termination, but we did not touch the deference.

3.
Even when the run unit is terminated normally under a non-COBOL runtime element, is it possible to make finalizations of COBOL object in all implementations?  Is it abnormal termination if it occurred under a non-COBOL runtime element, in the first place?

4.
The EXCEPTION-LOCATION function (page 598, 15.24), returned values 2a) state that the method name is set in the returned value.  We have to do something here because an auto-method has no name.  But a user also needs the class name to identify where the exception condition is set to exist.  Especially for the auto-method case, class-name is the only clue for the location.  We have not added anything in the specifications of this function.

