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DISCUSSION:
This document takes over from where 00-0253 (Reimann) finishes. I believe that based items are not suitable for handling memory allocation.  The main issue is that memory not released by the FREE statement persists until STOP RUN. It should persist, like all other working storage, until the program that defines it (not necessarily the one that allocates it) is implicitly or explicitly cancelled.  Furthermore, the proposed model cannot be supported on all operating systems.  Fortunately, I believe these problems can be addressed without delaying the standard.

Outline of Problem

The biggest problems are the reliance on a base pointer and General Rule 10 of the ALLOCATE:

"10) 
The allocated storage persists until explicitly released with a FREE statement or the run unit is terminated, whichever occurs first."

This rule means that memory not explicitly freed will be released at STOP RUN. Recall that the run unit may contain many layers of subprogram and that large amounts of memory may be allocated by a module buried far down in this hierarchy.  If the currently-proposed feature works as stated, the programmer will expect to be able to access the memory at any time and in any location, provided that the pointer is still correctly set and no FREE has been executed.

The memory needs to be allocated from global memory or, to use the terminology of Win32, the global heap.  The global heap is created for the process (normally an EXE program) and is available for that process and all its components (e.g. DLLs) until the process terminates.  Other operating systems that have a similar facility use different terminology, for example OS/390 refers to subpool zero, created for the jobstep and all its subtasks. I'll continue to use the term "global memory".

The current model, using a POINTER and freeing unreleased memory at STOP RUN, leads to several difficulties, listed here in ascending order of severity:

1.  There is no control information associated with the memory because the data allocation uses only an address that points to a "normal" data item. So, under the current model, the COBOL runtime will need to maintain this control information in an internal table of its own. Why? Well, the FREE statement is only given an address. The only operating system that can free memory with an address alone that readily springs to mind is MS-DOS.  Win32 also handles memory in a simplified way but GlobalFree requires a handle rather than an address. On OS/390, a FREEMAIN has up to six parameters and requires at least a length parameter.  On VSE, a FREEVIS is similar.  Other operating systems may be even more fastidious.  In a multi-threading or recursive environment, the COBOL runtime will need to maintain this control information for every thread.  If the program is an Object Method, there may be an extremely large number of these threads.  It's a well-known principle that control information such as this should be stored in the working space of the thread or, in COBOL terminology, in working-storage or local-storage. Therefore we need an additional keyword at the 01 level, or some COBOL coding device, that identifies the data item - be it in linkage or working-storage - as allocatable (as opposed to fixed). The implementer will then normally assign a few bytes as a header (not counted as part of the length of the data) to hold this control information.

2.  Because a pointer is used, the memory has no local "owner". This is because the POINTER data item on which the memory is BASED can be copied and passed via linkage to any part of the run unit.  Even if it's defined in a program's working-storage, that program cannot be said to "own" it, because it can still be passed via a pointer to another program.  Hence all memory is owned by the run unit.  But some operating systems have a concept of "local memory" or "private memory" (or a subpool) which can be dedicated to just one program.  The current model gives no opportunity for "local memory" to be used.  In contrast, if the memory were defined somewhere in working-storage (or local-storage), not using a pointer, the system could use local memory wherever this is desirable, or necessary for "encapsulation".  For example, an object class could have its own local memory not accessible to any other element.

3.  The current model is an invitation to cause memory to be gobbled up by forgetting to FREE it. There could be a huge amount of processing before execution of the STOP RUN. Indeed, some NonStop applications might never normally reach STOP RUN. Under the current model, even long after the subprogram that allocated the memory has vanished, the COBOL runtime might have to hold onto the useless memory.  Besides, the BASED pointer might get nulled other than by a FREE statement: in this way, the memory could be lost and inaccessible for the rest of the run.

    Of course, it will be argued that it's the programmer's responsibility to remember to release the memory: no system can protect itself from bad coding. My response to this argument is (a) this is an unnecessary pitfall - it can be removed quite easily, (b) errors from a failure to free memory are difficult to eliminate during program testing, and (c) there are enough traps already, such as e.g. a premature exit from a program due to a COBOL exception condition, where FREE statements could easily be short-circuited.

4.
Not all operating systems can guarantee to release the memory at termination! The COBOL runtime may, in general, need to keep its own global record of all memory allocations for the run unit. This may seem too sweeping because the best-known operating systems, such as Win32 (MS Windows) and OS/390 apparently release global memory automatically at termination - or do they?  First, how do we know for sure that every operating system has this feature?  We would need to study every one, even the most obscure.  Maybe some operating systems retain memory to the end of the "session" or to some other "end point". (I know at least one that does this.)  Second, even with OS/390 and Win32, the situation is not so simple. Under IBM OS/390 for example, if a monitoring program, as opposed to a batch "job", is used to run a suite of programs and the monitor uses "LINK" rather than "ATTACH" macros to execute each step, the memory may not be automatically freed until all the jobsteps have terminated, i.e. not until every program in the suite has run.  On Win32, the global memory is owned by the process.  How can we be sure that every compiler on Win32 will always identify a process with a run unit?  They all do currently, I believe, but is an absolute technical necessity?

5.  Some operating systems may not be able to implement the model because they release memory too soon!  For example, native VM (as opposed to VM emulating OS/390) declares that "memory is released by default on termination of CMSCALL or ATTACH" unless the user keys in the command "SET STORECLR ENDCMD" on the terminal and I'm not sure what other side effects that might have. There are certainly other operating systems that have no global memory feature and normally release memory when the subprogram in a dynamically-called system is deleted, i.e. flushed from memory.

Proposed Solutions
We need to modify the current model placing the emphasis on data items rather than memory.

As indicated in the outline above, we need a new keyword or extension to existing syntax to inform te programmer and the compiler that the memory is not fixed but requires allocating before it can be used.  Whichever program has this in its working-storage or local-storage is the owner but a subprogram can do the allocation (and freeing) if desired. The memory is freed, by default, when the owner is destroyed (i.e. on cancel of a subprogram, on STOP RUN in a monolithic program, or on object destruction). The allocatable date item contains, in addition to the data itself, all the control information needed to manage the memory resource.

These are several candidates for the code extension:

1.  A brand-new keyword, e.g. VARIABLE or ALLOCATABLE or CONDITIONAL or DYNAMIC (avoiding a new reserved word).

2.  A keyword combination, e.g. SIZE IS VARIABLE or FIXED (with FIXED assumed in default);  (ANY LENGTH could then be changed to SIZE IS ANY for economy); possibly ALLOCATION IS AUTOMATIC or MANUAL.

3.  Salvage the BASED clause in this context with a syntax such as:

  BASED  [ON data-name-1]  [DYNAMIC] 

with data-name-1 forbidden except in Linkage.

4.  A new PICTURE symbol or symbol combination, e.g. PIC LX(n) or PIC <X(n)> or PIC X(0-n); (this only works for elementary items, unfortunately).

We should not take too long arguing about the syntax once the principle is established. I'll refer to them as dynamic and use the DYNAMIC keyword but it's just a random choice.

The fine details of this proposal could be subject to discussion, but the key parts are as follows:

1.  Add the new keyword (e.g. DYNAMIC), or other code extension, to the data division syntax, allowed only at 01 level.  I believe there is a case for requiring dynamic items to behave, implicitly or explicitly, as TYPEDEF STRONG items (so they cannot be redefined).

2.  Remove the requirement that ALLOCATE and FREE operate on BASED items and require the item to be DYNAMIC instead.  (Note that a dynamic item can also be based, as when a subprogram addresses it via a pointer, but they are now entirely different things.)

3.  Require the data item to be defined in the working-storage or local-storage of some program.

4.  Change the default freeing of memory to the time that the program in whose working-storage it is defined is cancelled or does a STOP RUN, or the method exits (when defined in local-storage) or the life of the object instance ends (if part of object data) 

5.  Simplify the ALLOCATE statement by allowing only ALLOCATE data-name and removing the RETURNING phrase.  The data-name must represent a dynamic data item.  Note that the ability to allocate a variable number of  characters is not being sacrificed because an ODO may be used.

6.  Change the FREE statement, making it symmetrical with ALLOCATE, i.e. FREE data-name. The data-name must represent a dynamic data item.

7.  Optionally, allow access to a dynamic data item even when it is not allocated, but in this case treat it as a zero-length item.  (Alternatively, the exception EC-DATA-PTR-NULL could be retained.)

Note that the header containing this control information would be addressed as a prelude to the data, i.e. in negative locations relative to the data.  So when a routine (COBOL or non-COBOL) receives the data item as a parameter, it "sees" only the data.  However, a COBOL subprogram that sees the DYNAMIC keyword coded against that item will step back from the start address in order to access the header if it needs to do an ALLOCATE or FREE.

Example 1: simple allocation, monolithic scenario:

WORKING-STORAGE SECTION.

O1  large-data-item        PIC X(10000) BASED DYNAMIC.

...

    ALLOCATE large-data-item

...

    FREE large-data-item

...

    STOP RUN.   *> frees above memory if FREE was skipped

Example 2: variable allocation, modular scenario:

    CALL "subprog1"

...

    CANCEL 
"subprog1"   *> this also frees the memory

                        *> in variable-data-item if

                        *> not already freed 

PROGRAM-ID.  subprog1.

WORKING-STORAGE SECTION.

O1  w-length                   PIC S9(4) COMP.

O1  variable-data-item         BASED DYNAMIC.

    O5  filler    PIC X  OCCURS 0 TO 10000 TIMES.

        depending on w-length.

...

    CALL "subprog2" USING .. w-length variable-data-item ..

...

PROGRAM-ID.  subprog2.

LINKAGE SECTION.

...

01  l-length                   PIC S9(4) COMP.

01  variable-data-item         BASED DYNAMIC.

    O5  filler    PIC X  OCCURS 0 TO 10000 TIMES

        depending on l-length.

...

PROCEDURE DIVISION USING .. l-length variable-data-item ...

    MOVE 5000 to l-length

*> the ALLOCATE and FREE can be also be executed by the

*> owner program (subprog1) or any other of its subprograms

    ALLOCATE variable-data-item

...

    FREE variable-data-item 

A different approach is to replace the ALLOCATE and FREE statements by SET LENGTH OF data-name TO integer, thus allowing allocations to be extended or reduced, or even to use automatic allocation depending on which subordinate items are addressed.  For example, MOVE "A" TO W-BUFFER (200 : 1) would extend W-BUFFER to 200 bytes if it is not already at least that length.  This is likely to be more popular with programmers than with vendors not threatened with unemployment.

I could have detailed changes ready for Newbury in May 2000 if I am able to gauge the sentiments of the committees by e-mail, though not within the two-week deadline.

