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Discussion:

Comment 108 said:

108. * (USA III.D.159) The file sharing and record locking capability is extremely complicated and difficult to understand.  Reviewers experienced in implementing systems like X/Open file sharing could not successfully figure out if there are problems.

Part of the difficulty is understanding the intent of the design at a high level.  The concepts address locking only in the case of file connectors in concurrent run units, yet there are 3 cases to be addressed:

a.  one file connector

b.  multiple file connectors within a run unit

c.  file connectors in concurrent run units

Perhaps it is all the same, but that should be stated.

A larger part of the problem is understanding the entire pattern of locking:  when locks are set, detected, and released for each I/O statement, file organization, sharing mode, and open mode.  The information may all be included in the rules, but the complexity makes it difficult to understand and assess as a whole. Add a table summarizing automatic locking and another summarizing manual locking.  This will make the capability visible so that any inconsistencies or surprises can be discovered.

{... remaining comment text deleted.  See 98-0351 for the complete text of the comment.}

This proposal addresses comment 108 in concepts.

Some caveats:

1. The table of locks acquired and released is based on the rules of the I/O statements – regardless of how they conflict with statements elsewhere.

2. Because the behavior of locking will be changed so that locks are detected the same within a run unit or across run units, I have ignored that aspect.

Apparent anomalies in rules are highlighted in bold and underlined or listed as open issues.  

MEETING 218:
99-0094 was discussed and the following points were noted in direction for update:


-  Only READ automatically acquires a lock


-  WRITE and REWRITE automatically release, but lock only when LOCK is specified


-  Single record manual locking has value and is to be retained


-  There was no WG4 direction to remove multiple record automatic locking

The points highlighted in the locking table as possible errors were reviewed and were found to be correct.

Proposed changes:

Pages 688 thru 690, C.1.3 through C.1.3.2, File sharing and record locking:   replace C.1.3, C.1.3.1, and C.1.3.2 entirely with the following:

"

C.1.3    File sharing and record locking

File sharing provides the capability of sharing a physical file among different logical files by specifying the SHARING clause in the file control entry or the SHARING phrase in an OPEN statement.  

Record locking provides the capability of managing concurrent access to records in a shared physical file.  Record locking is selected by specifying the LOCK MODE clause in the file control entry. 

The rules for file sharing and record locking are the same whether the physical file is shared among different run units or different runtime elements in a COBOL run unit or different file definitions within a COBOL runtime element.

Implementation of file sharing and record locking such that concurrent access is managed for both COBOL and non-COBOL runtime elements is recommended; however, the requirement and specification of this is beyond the scope of the COBOL specification.  This draft International Standard describes file sharing and record locking in a COBOL context. 

Transaction processing facilities, such as COMMIT and ROLLBACK, are not included in this draft International Standard.

C.1.3.1    File sharing

File sharing allows concurrent access to a physical file of any organization – sequential, relative, or indexed – in any access mode except OUTPUT. In order to be shared, a physical file must reside on a medium that allows concurrent access to the physical file.  The I-O statements permitted for a shared file are the same as the I-O statements permitted for a non-shared file. 

File sharing is selected for access to a given physical file by coding a SHARING clause in the file control entry that describes the logical file or in an OPEN statement that opens the logical file.  A sharing mode specified in an OPEN statement overrides a sharing mode specified in a file control entry.  The first OPEN statement executed for a given physical file establishes a mode of sharing, depending on the sharing mode in effect for that open, as follows:

1)   SHARING WITH NO OTHER establishes exclusive access; the physical file cannot be opened by any other logical file.

2)   SHARING WITH READ ONLY establishes that the physical file may be opened by other logical files in sharing mode READ ONLY.

3)   SHARING WITH ALL OTHER establishes that the physical file may be opened by other logical files in sharing mode READ ONLY or in sharing mode ALL OTHER.  Concurrent access is possible both for update and retrieval, and for retrieval of records that are in process of being updated.  Record locking capabilities should be used to control concurrent access so that updates are not overwritten or lost and that retrieved records reflect correct content.

To allow upward-compatible behavior with the previous COBOL standard, default sharing, if any, is defined by the implementor.

C.1.3.2    Record locking

Record locking gives application developers the ability to control concurrent access to logical records in a shared physical file.  Concurrent access is possible when a physical file is opened by more than one logical file and the established sharing mode of that physical file is READ ONLY or ALL OTHER.  

In order to guarantee the integrity of records in a physical file, it is usually necessary for applications to restrict read access to records being updated or deleted – but this depends on the nature of the application.  The mechanism for restricting access to a record is called a record lock.

COBOL provides two modes of record locking  —  automatic locking and manual locking  —  which can be selected by coding a LOCK MODE clause in a file control entry.  The following combinations of access mode and lock mode are provided:


Access mode


Lock mode


Single/multiple records


Sequential


Automatic or manual

Single only


Random or dynamic

Automatic or manual

Single or multiple

When sharing WITH NO OTHER is specified, record locking is not applicable and use of any syntax that requests record locking is ignored.

C.1.3.2.1     Automatic locking

LOCK MODE AUTOMATIC indicates that the runtime system will take care of locking records.  When automatic locking is in effect, the time at which locks are acquired and released is defined by the COBOL specification, rather than controlled by the application.  At the same time, however, other logical files can access the physical with either manual locking or automatic locking.

It is easier for an application to control concurrent access to records with automatic locking than with manual locking, but there is no guarantee of data integrity unless all logical files with concurrent access observe appropriate locking conventions.  Such conventions might include reading a record and locking it before update or deletion.  These aspects are highly dependent on application design, so there is no enforcement of locking beyond the automatic locking of the last successfully read, rewritten or written record. 

{Note:  I assume removal of automatic overrides – NO LOCK, IGNORING LOCK}

Single record or multiple record automatic locking can be selected.  

With single record automatic locking, a logical file has a lock on one record at a time. The successful execution of a READ, REWRITE, or WRITE statement establishes a lock on the newly read, rewritten,  or written record.  Each successful execution of a READ, REWRITE, WRITE, DELETE, UNLOCK, or CLOSE statement releases a lock on a previously-locked record. 

With multiple record automatic locking, all newly read, rewritten, or written records are automatically locked and the locks are retained until an UNLOCK statement is executed for the logical file or the logical file is closed.

{Above - I was directed to change to " ... closed, or the current record is deleted."  It seems strange that deletion of a current record causes all existing locks to be released.  Was the intent to say that any locked record that is deleted causes release of the lock on that record ?}

The following illustrates a file-control paragraph that defines a logical file (my-file), where the physical file (accounts) resides on a mass storage device.  SHARING WITH READ ONLY indicates that the physical file can be shared with other logical files as long as those files open for READ ONLY.  The logical file my-file is not itself restricted to read only.  

FILE-CONTROL.  SELECT my-file   ASSIGN TO accounts

...

SHARING WITH READ ONLY

LOCK MODE IS AUTOMATIC WITH LOCK ON MULTIPLE RECORDS.

Single record automatic locking is selected by the following lock mode clause:

LOCK MODE IS AUTOMATIC 

{Note that WG4 decided to eliminate multiple record automatic locking because no-one could say how it worked.  Now that I understand it, I recommend that multiple automatic locking be kept.  Single record automatic locking cannot be used to build very many applications. }

The automatic acquisition and release of record locks is summarized in table C.nn, Summary of record lock acquisition and release.

C.1.3.2.2     Manual locking

LOCK MODE MANUAL indicates that whether and when locks are acquired and released is completely under control of the application; thus, data integrity is completely under application control.  Manual locking provides the flexibility to select locking only for records that require it and to release locks at convenient times.  The use of manual locking is a matter of careful design of all the applications that share access to a given physical file.

An application can manually lock a single record at a time or multiple records at a time.  

With single record manual locking, each record lock is established by specifying the LOCK phrase on an I/O statement and the lock is automatically released on the next successful execution of a READ, REWRITE, WRITE, UNLOCK, or CLOSE statement  —  in the same manner as for single record automatic locking.  Successful execution of a DELETE statement releases a lock on the deleted record.

With multiple record manual locking, each record lock is established by specifying the LOCK phrase on an I/O statement and all locks are held until explicitly released.  Successful execution of an UNLOCK statement or a CLOSE statement releases all locks.  Successful execution of an I/O statement with a NO LOCK phrase releases a lock on the record that is processed by that I/O statement.  Successful execution of a DELETE statement releases a lock on the deleted record. 

Additional options on I/O statements allow for selective actions that are not normally needed, but may be useful in special circumstances:

READ ... ADVANCING ON LOCK:    

Locked records are skipped and the next unlocked record in sequential order is retrieved.

READ ... IGNORING LOCK:

A record is retrieved even if it is locked.

The following illustrates a file-control paragraph that defines a logical file (my-file), where the physical file (accounts) resides on a mass storage device.  SHARING WITH ALL OTHER indicates that the physical file can be shared with other logical files and any of them can update records.

FILE-CONTROL.  SELECT my-file   ASSIGN TO accounts

...

SHARING WITH ALL OTHER 

LOCK MODE IS MANUAL WITH LOCK ON MULTIPLE RECORDS.

The manual locking and unlocking of records is controlled by options on I/O statements, by the UNLOCK statement, and by the CLOSE statement, as summarized in table C.nn, Summary of record lock acquisition and release.

Table C.nn  —  Summary of record lock acquisition and release

I/O

statement
Lock

mode
Lock is set
Lock for same logical file is released on successful execution 

DELETE


Automatic

-   single

-   multiple

Manual

-   single

-   multiple
no

no

no

no
-  on the deleted record, if locked; 

-  otherwise on any previously locked

        record

-  on the deleted record, if locked

-  on the deleted record, if locked;

-  otherwise on any previously locked

         record

-  on the deleted record, if locked



CLOSE 


any
no
-  on all locked records

READ


Automatic

-   single

-   multiple

Manual

-   single

-   multiple
-  on the retrieved record

      (unless IGNORING or

       NO LOCK specified)

-  on the retrieved record

     (unless IGNORING or    

      NO LOCK specified)

-  on the retrieved record

     if LOCK specified

-  on the retrieved record

     if LOCK specified


-  on any previously locked record

-  on the retrieved record, if locked and

      NO LOCK is specified

-  on any previously locked record
-  on the retrieved record, if locked and

      NO LOCK is specified



OPEN


any
no


no



REWRITE


Automatic

-   single

-   multiple

Manual

-   single

-   multiple
-  on the rewritten record
     if LOCK specified

-  on the rewritten record

      if LOCK specified

-  on the rewritten record
     if LOCK specified 

-  on the rewritten record

     if LOCK specified


-  on the rewritten record if locked, unless

         LOCK is specified

-  otherwise on any previously locked

         record

-  on the rewritten record if locked, unless:

      LOCK is specified or unless

      NO LOCK is unspecified

-  on the rewritten record if locked, unless

      LOCK is specified

-  and on any previously locked record

-  on the rewritten record if locked, unless:

      LOCK is specified, or unless

      NO LOCK is unspecified



START


any
no
no

WRITE


Automatic

-   single

-   multiple

Manual

-   single

-   multiple
-  if LOCK is specified

-  if LOCK is specified

-  if LOCK is specified

-  if LOCK is specified
-  on any previously locked record

-  no

-  on any previously locked records

-  no



UNLOCK

________
Automatic

-  single

-  multiple

Manual

-  single

  multiple



for all lock modes:

-  on all locked records



The LOCK phrase of a CLOSE statement is unrelated to record locking.   "

{Note:  I haven't fully broken the code for table-making.  I was not able to add rows where I wanted them so the statements are not in alphabetical order.}

Open issues

1. The locking table includes the phrases IGNORING LOCK and NOLOCK on READ for automatic locking, while the text does not.  I included these in the table to get a better understanding of the locking capability as currently defined.   These phrases are to be removed by a work item to "Remove overrides of automatic locking", which is currently unassigned.  That work item will need to update the table.

Resolved issues:

1. The DELETE statement, GR 6a on page 423, does not perform retry operations if the record to be deleted is locked – it just sets the i-o status after one try.  Contrast the wording of READ GR 6 on page 485, which says the "result of the operation depends on the presence or absence of the RETRY phrase".  This statement is needed in DELETE GR 6a as well, and probably other in geneal rules for other I/O statements as well.

M218:  Mr. Karlin will write a proposal to address this.

2. READ GR 16 on page 487 says ADVANCING ON LOCK is ignored if the file is not open for sharing.  Should there be a similar rule for IGNORING LOCK and WITH [ NO ] LOCK?

M218:  No.  J4 thinks this makes sense.

3. It seems single-record MANUAL locking is quite similar to single record automatic locking.  I recommend deletion of single-record manual locking.

M218:  A J4 majority concluded that there is value in single record manual locking and that it should be retained.  The perceived value is lack of deadlock and the ability to read records without locking until a record is read that should be locked.

4. I recommend retention of multiple record automatic locking.  I see how it works and it is certainly more useful than single record automatic locking.

M218:  A check of WG4 minutes showed that a vote including removal of automatic mulitple record locking did not succeed.
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