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[57] ABSTRACT

In a distributed file environment, a system for safely updat-
ing a file without risk of losing work performed at one site
due to work performed on the file at another site uses a
journal or log at each site which is updated after a file is
modified. This log is compared with the logs from other sites
before a file is used at any one site, so that new versions can
be propogated automatically and safely to out-of-date sites,
with the user immediately alerted if conflicting versions of
the file exist at different sites. The reconciliation can be
applied to collections of files, automatically updating only
those files for which it is safe to and necessary do so. Since
recongciliation occurs at times selected by the user, incon-
sistent or partially completed versions of files need not be
propogated to other sites. Additionally, logs may be built
incrementally by occasionally observing the state of the
systems in terms of the files and their time stamps and
creating additional log entries reflecting appearance, disap-
pearance and changes of files. Furthermore, logs may be
purged of obsolete entries by including additional log entries
indicating the most recent time each site has participated in
a reconciliation and deleting obsolete entries that all sites
have seen.

4 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR
RECONCILING DIFFERENT VERSIONS OF
A FILE

This is a continuation of application Ser. No. 08/061,674
filed on May 14, 1993, now abandoned.

FIELD OF INVENTION

This invention relates to distributed file systems and more
particularly to a method and system for reconciling different
versions of files, in which the files are stored in computers
at two or more separate locations or sites.

BACKGROUND OF THE INVENTION

There is a problem, especially with the portability of
computers and floppy disks that a given file, for instance, in
a lap top may not reflect the same information or data as the
same file at a desktop or fixed work station.

This is because work is frequently taken from location to
location. As frequently happens, a file created at a fixed work
station at the office may be modified at a remote location,
such as one’s home, by merely transporting a disk or diskette
containing the file and modifying it at the remote location.
Multiple versions of the same file can also exist in distrib-
uted networks when files are modified or manipulated by
multiple users.

Problems thus arise when the versions of the file at two
sites, such as home and office, do not agree because they
have not been identically updated. This can occur by acci-
dent when one forgets to transport a floppy disk from one
location to the other; or when one forgets to load the disk
altogether.

It is of course desirable to have some synchronization
between versions of the same file when created or modified
at two different sites. For instance, it is possible to have the
same version of a file at two sites and only access one at a
time. When, however, versions of a file are created at two
sites, it is important to be able to update or reconcile the files
at both sites so as to appropriately update both files, or only
one file.

In the past, systems have compared the times that a file
was updated at different sites, have automatically selected
the most recent version, and have copied this version into the
appropriate file at both sites. Such systems include the
Novell, Netware, Sun Microsystems Network File System
(NSF) and Andrew File Systems. All of these systems have
problems with their automatic updating procedures.

It is also a feature of NFS, Andrew File System, and,
Netware that they automatically alter files immediately after
they are modified. This results in significant performance
problems as new versions of files are transmitted. Moreover
all updates are distributed throughout the network, exposing
raw work product to all on the system. It can also be an
embarrassment because of the automation process, where
those connected to the distributed system immediately have
knowledge of new unedited data and changes.

It will of course be appreciated that when there are
multiple users or contributors to a single file, such as in
writing software, or as in editing documents, it is very
important to alert all users of the same file as to what others
are doing so that at some point there is control in each of the
users as to what updating or reconciling of multiple versions
of the file will be permitted. It is particularly annoying for
the writer of software to have someone else edit his software
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without his knowledge. Likewise, it is equally unfortunate
for the word processing public to have one user edit a work
without giving adequate notice to the other user.

More specifically, an inadequate solution to the problem
of multiple versions of the file at different locations exists in
distributed file system technology as represented by the
NFS, Andrew, Apple Share, Novell, and Research Systems
software such as Coda and Ficus. All of these systems give
the impression of being a single global file system. The
advantages of having a single global file system are auto-
matic updating, sharing, and familiar time sharing systems
semantics. However, the problems with such systems are
that they fail or degrade when disconnected, are unpredict-
able in performance, are unacceptable in that updates are at
the system’s convenience and not at the user’s, and that they
require a modified operating system, often requiring a single
vendor.

Another inadequate solution to the problem of multiple
revisions of a file is found in the explicit file transfer
technology associated with diskette/tape, E-mail, Lap-Link
and file transfer protocols. What these systems attempt to do
is copy files and carry or mail them. While the advantages
are complete user control, flexible transport, and conversion
between different systems, the disadvantages include com-
plicated and error-prone protocols, in which overwriting of
useful data can occur accidentally and in which there are no
“merges” of different versions.

In all these systems, the most recent version of the file in
one computer is automatically copied to the other. Thus,
current programs seek to establish which file is correct by
date and time, a technique called “time stamping”. However,
these types of systems are far from failsafe. For instance,
assuming one wishes to delete a file on a lap top, deleting the
file at the lap top may not result in deleting the file at the
fixed work station, but rather in restoration of the obsolete
file found at the work station. Thus automatic reconciling
systems are error-prone.

More generally, if some work is to be accomplished on a
file in more than one place, then it is possible that neither
supercedes the other. Time stamp based reconciliation thus
will possibly result in over-writing relevant information. As
a result, user’s work embodied in the older version may be
lost without any warning. It is also possible that this will
only happen when one forgets to hook up the computers for
the reconciliation between versions of the file.

‘What is important is to know when a file has been edited
in two places, what has been done, whether or not to
authorize a merge of the two versions, and on what basis. It
is therefore important to devise a system by which a merge
is done in a safe way. It is also important to provide a system
in which conflicts are recognized, with the conflict not
necessarily being resolved automatically, but rather at the
option of an individual operator who has been alerted to the
fact of a conflict.

Note that one prior art way of determining a conflict is the
so-called “journaling” technique which is to keep a record of
what has transpired at one central location. Using a single
centralized computer, a forward log or journal type of
reconciliation may be accomplished.

SUMMARY OF THE INVENTION

However, rather than keeping a centralized journal, it is a
feature of the present invention that each computer or
system keep its own journal. The journal, which is a history
of file versions, indicates the file which is edited and its
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date/time stamp. Optionally the journal may also keep a
detail of the type of editing that was involved should a
conflict be determined.

For reconciliation, if the files are the same and the
journals agree, there is no conflict.

On the other hand, when one works on one computer but
not the other, and the resulting files are subsequently to be
merged together, the Subject System first compares the two
journals to see if one has more journal entries in one than the
other. Note the comparison may be facilitated by in a merge
operation. Once having determined that there are differences
in some of the journal entries, then the system automatically
copies those files for which the journal indicates no conflict,
and alerts the user so that actions can be taken to resolve any
conflict found.

Different versions of the same file are thus reconciled by
each computer maintaining its own journal and by the
comparison of the two journals at times specified by the user,
with the reconciling system automatically updating file
revisions when appropriate, or providing the user with an
indication that such automatic updating is inappropriate.

Specifically, the Subject System can be configured to
either delete a file which has been determined to be the
non-desired file, or to copy the most recent file, in a
replacing operation, into the computer which does not have
the most recent file. At some point the journals of both of the
computers will be in synchronization. Thereafter if no
journals change, there need be no indication made to the user
that a conflict exists. If one of the journals changes at only
one site, then it is possible to simply instruct the machine at
the other site on command to do the same actions. However,
if both journals are changed, it is very important to alert the
user that a conflict cannot be resolved.

Note, in the Subject Invention, not only does reconciling
include the concept of copying or deleting, one can increase
the level of detail of the individual entries in the logs that are
filed to alert the user that a simple merge/purge performed
on a time stamp basis will not work. For example, if the user
is warned, the user may run a program called DIFF which
highlights the differences between the two files. At that
point, the user may decide which of the two files he prefers
or which changes should be made in what file.

Thus, in the Subject Invention, in a distributed file system,
instead of giving the user the impression that there is only
one set of files, the system provides user with the impression
that there are different versions of a file which must be
occasionally reconciled, although only at the convenience of
the user. The Subject System solves the problem of multiple
versions of the same file by reconciling on demand. Each
computer has a local version of the same data, reconciled by
comparing journals of local changes, with user intervention
being called into play if conflicting changes are discovered.

Applications for the subject reconciling system include
file cataloging and reconciliation, office applications and
database management systems. Hardware can involve orga-
nizers, palm tops, pen based tablets and notebooks.

Further applications of the Subject System include merg-
ing records within files. Moreover, it is possible to batch
update by exchanging journals.

It is an important feature of the subject invention that the
reconciliation may be invoked under user or application
control, either at the beginning or end of a working session
or overnight, for instance.

In summary, in a distributed file environment, a system for
safely updating a file without risk of losing work performed
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at one site due to work performed on the file at another site
includes maintaining a journal or log at each site which is
updated after a file is modified. This journal is compared
with the logs from other sites before a file is used at any one
site, so that new versions can be propogated automatically
and safely to out-of-date sites, with the user immediately
alerted if conflicting versions of the file exist at different
sites. Different versions of the same file are thus reconciled
by each computer maintaining its own journal and by the
comparison of the two journals at times specified by the user,
with the reconciling system automatically updating file
revisions when appropriate, or providing the user with an
indication that such automatic updating is inappropriate. The
reconciliation can be applied to collections of files, auto-
matically updating only those files for which it is safe to and
necessary do so. Since reconciliation occurs at times
selected by the user, inconsistent or partially completed
versions of files need not be propogated to other sites.
Additionally, logs may be built incrementally by occasion-
ally observing the state of the systems in terms of the files
and their time stamps and creating additional log entries
reflecting appearance, disappearance and changes of files.
Furthermore, logs may be purged of obsolete entries by
including additional log entries indicating the most recent
time each site has participated in a reconciliation and
deleting obsolete entries that all sites have seen.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the Subject Invention will be
better understood taken in conjunction with the detailed
description in conjunction with the drawings of which:

FIG. 1is a diagrammatic representation of the transfer of
versions of a file from an office computer to a remote
location, for instance, in the home;

FIG. 2 is a diagrammatic representation of the problem of
generating two different versions of the same file through the
modification of the file at two different locations;

FIG. 3 is a diagrammatic representation of a method for
reconciling versions of a file including the creation of logs
at varjous sites and the comparison of the logs prior to
permitting either automatic updating or manual updating
when a comparison between the logs indicates a discrep-
ancy;

FIG. 4 is a block diagram illustrating the generation of
journals at two sites, forming a combined journal, detecting
a conflict, and providing actions based on conflict resolu-
tion; and

FIG. 5 is a series of diagrams indicating journals and
situations where no update is needed, an update is needed,
a delete is needed, or a conflict is to be indicated.

DETAILED DESCRIPTION

Referring now to FIG. 1, in a typical operational setting,
Version #1 of a file may be created at a fixed terminal 10 at
an office 12 in which the version created at terminal 10 is
stored in a storage device 14. The information in this file
may be transferred as via a floppy diskette 16 to a computer
18 at a home site 19, with the file being modifiable so as to
produce a Version #2 which is stored in a storage device 20.

Referring now to FIG. 2, it will be seen how it is possible
to modify files at two different sites or locations such that
work performed in the file may not necessarily be on the
most recently updated file. As can be seen, Work 1 in storage
device 22 contains the Version #1 which is copied onto a
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diskette 24 that is then copied into storage device 26 at a
remote site or location. The information in storage device 26
may be modified so as to produce a Version #2 at 26 which
is then copied, for instance, onto a diskette 28 that is copied
into storage device 22 at the first site as Version #2. This
version may be further modified and placed in storage as
Version #3. Thereafter this version may be copied onto
diskette 30 which is intended to be downloaded to storage
device 26. However in the process either the disk is lost or
not downloaded, at which point the modification as illus-
trated at V, is copied onto a diskette 32. It will be appreci-
ated that there is now a problem in that Version #3 is
different than Version V,, which was created by modifying
Versions V, as opposed to Version V. This creates an error
which is difficult to rectify and may be unnoticed.

The problem, of course, is that these are two versions of
the same file. The first version will be Version Three and the
second version will be Version X. Merely updating one of
the computers with one version or the other will not solve
the problem of reconciliation, because Version X does not
have the updates of Version Three. Thus it is impossible to
automatically update either of the versions at either of the
different locations; and it is for this reason that time stamp
based systems for reconciliation fail.

Thus, in terms of a typical scenario, considering the case
of writing a book using personal computers at office and
home, carrying files back and forth on a diskette, the normal
procedure is to copy all the working files from the diskette
to the computer about to be used, edit one or more chapters,
and copy the edited files back to the diskette when done.

As a result one has three different copies of the files, one
stored in the office computer, one at home, and one on the
diskette. Even though there are really three copies, one
thinks of them as being different versions of the same files.

If one forgets to copy the files edited at the office, one can
then go home with an out-of-date diskette. The diskette
carried home is then copied to the home computer and
editing continues, not noticing that one is starting with stale
information. The next day the updated files are copied back
to the office computer, losing the previous work.

There are some things one can do to help protect against
this common error. For example, some file copying pro-
grams have an option to check dates and refuse to replace a
newer version of a file with an older one. This helps
considerably, but is not perfect. It does not detect the error
described above, for example, since the versions of the files
edited at home in the evening do have a later date than the
versions edited yesterday at work. It also fails to handle the
case of deleting obsolete files.

Referring now to FIG. 3, the subject file reconciling
system solves the above problems by embedding a program
called RECONCILE in a system which detects conflicting
updates, so one can use it to update files safely. The system
will replace a file with a later version only if it is sure that
the later version was derived from the one being replaced. If
the file to be replaced is not an earlier version, the system
will report an error so that one can resolve the conflict.

More specifically, assuming that a Version #1 of a file is
stored at a storage device 40, the Subject System creates a
log, Log, here illustrated at 42. When Version V, is copied
onto a diskette 44, Log; also appears on the diskette. This
diskette may then be loaded into a storage device 46 at a
remote location, where the Version #1 storage may be
modified to produce Version #2, which is again stored at
storage device 46. Concommitant with the modification of
Version #1 to Version #2, a further log is created, Log, as
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illustrated at 48. When this file is to be transferred to the
work location, it is downloaded to a diskette 50 which
contains not only Version V,, it also contains Log;+Log,, as
illustrated. This is downloaded back to storage device 40 at
the original work location which may be modified as illus-
trated by Version V, again stored at storage device 40. Upon
modification of the V,, version, the system creates an addi-
tional log, Logs as illustrated at 52.

Again, when this version of the file is to be transferred to
the remote location, it is downloaded to a diskette 54 which
then contains not only Version V,, but also Log,+Log,
+Log,. This diskette, however, in the example given is not
downloaded to storage device 46. Rather, as inadvertently
sometimes happens, V, is modified to produce Version V,.
At the same time that V, is formed, a log, Log,, is created
as illustrated at 56. Version V, may ultimately be transferred
to a diskette 58. This diskette will have Version V, down-
loaded to it plus Log,+Log,+Log,. If diskette 58 is then to
be loaded back into the storage device 40, upon accessing of
this file a unit 60 compares the logs previously generated at
the work site, with the logs associated with diskette 58
which has been loaded at the worksite. The result of the
comparison step is either to alert the operator at 62 to a
difference in the logs for this file which will not permit
automatic updating, or permit automatic updating as indi-
cated by merge 64.

“This being the case, a system is provided through the
comparison of logs to either permit automatic updating or to
alert the user that automatic updating is inappropriate.

In the scenario of FIG. 3, neither the office nor the evening
versions of the files were derived from the other, so REC-
ONCILE will prevent the system from overwriting them.
Note the versions were both derived from the same earlier
version, but not from each other.

The system knows when one version of a file was derived
from another by keeping a history of past versions of files.
If one history indicates that a file has gone through Versions
#1, 2 and 3 while the other has only Version #1 and 2, it is
safe to copy Version #3. But if one history shows Versions
#1, 2 and 3 while the other shows Versions #1, 2 and 4, there
is a conflict since neither Version #3 nor Version #4 was
derived from the other.

More specifically, FIG. 4 shows how two journals are
reconciled. Starting with the two separate journals, for Sites
X and Y, here illustrated at 66 and 68 respectively, each
journal or log contains entries describing the history of five
files, named A, B, C, D and E. In addition to the file name,
the journal entries indicate the action which was taken,
either Create, Update or Delete, and the time which that
action was taken, at that particular site. For example, the
journal of Site X shows that file E was created at 10:55 and
deleted at 10:56. Note, only times are shown for conve-
nience, since the log typically indicates both time and date.

Note that the journals are ordered by file name: A, B, C,
D and E; and by timestamp for the same file name. Journals
are combined by merging them according to this rule:
Identical entries (including the action taken) are combined
into a single entry during the merge. The combined journal
as illustrated at 70 also records which sites had each entry.
This could be X, Y, or both X and Y. For example, the
combined joumnal shows that E was created at 10:55 known
to both X and Y, and deleted at 10:56, known only to Site X.

The goal of reconciliation is to bring the individual
journals up to date by performing missing actions. Thus, in
FIG. 4, the missing creation of file B at Site Y can be fixed
by copying file B from Site X to Site Y. The missing update
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of C at X can similarly be fixed by copying C from Site Y.
In the case of file E, the missing action is a deletion, which
can be corrected by deleting the copy of file E at Site Y. As
these reconciliation actions are taken, the missing journal
entries are filled in and the individual journals updated.

There is a conflict in the case of file D. Both sites agree
that the file was originally created at 10:33, but they show
independent updates occurring at different times, and neither
site knows about the other site’s update. The automatic
reconciliation procedure reports this conflict rather than
replacing either version, leaving it up to the user to perform
whatever correction or merge of the individual files is
necessary.

By way of further description, the following definitions
arc useful in understanding the Subject Invention.

For purposes of this invention, a file is a body of closely
related information stored in a computer. Typical examples
of files would be documents edited with a word processor,
or spreadsheets, or messages. Each individual memoran-
dum, letter, or book chapter is kept in its own file. In addition
to its contents, a file has a name and a timestamp. The name
identifies the file in general and the timestamp indicates
when the file was created or changed. As time passes, a file
with the same name will have different versions, which can
be distinguished by their different timestamps.

A directory is defined as a collection of files. Usually the
files in a directory have some loose relationship, for example
that they are all part of some larger body of information like
the chapters in a book; or that they were created by the same
person, relate to the same topic, or are owned by the same
organization. Directories also have names, and may also
have timestamps, although directory timestamps are not
very useful.

Most computer systems allow files and directories to be
arranged in a hierarchy or tree, which means that directories
can contain subdirectories. An advantage of subdirectories is
that more closely related files can be grouped together. To
find a file one works one’s way into the successive subdi-
rectories until the desired file is reached.

A working session is defined as a period of work on a
single computer. During the course of a working session,
files may be in an incomplete or inconsistent state. One
ordinarily doesn’t want to make a permanent record of these
files or to send copies elsewhere. Usually one tries to finish
a day’s work by cleaning up the inconsistencies before
ending the working session, although occasionally a session
may last several days. Note, a session can be anything one
chooses. It is, however, important to note that one doesn’t
use RECONCILE to copy files during a working session, but
only at the beginning and/or end.

A site is a specific storage location for a directory hier-
archy. As understood herein, several sites are considered as
all containing versions of the same directory hierarchy.
These versions may be the same or different. The basic
purpose of the Subject System is to combine hierarchies at
different sites, making them all the same by safely updating
versions of individual files.

One should not think of a site as being the total disk
storage on any one computer. Usually a site would contain
a number of unrelated hierarchies defined according the
user’s convenience. A personal computer, for example,
might contain separate hierarchies for system software,
installed applications, and one or more individuals’ working
files. While actual systems often glue these into a single
super-hierarchy, it is easier to think of them as being
separate.

A site may also be nothing more than a diskette. In fact,
the way one copies files to and from the diskette in the above
scenario is to reconcile the diskette version with the com-
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puter at home or office that one is copying to or from. At the
beginning of a working session, the Subject System will
detect newer files on the diskette and copy them to the
computer. At the end of the session, the Subject System will
detect newer files on the computer and copy them to the
diskette.

By way of definition, a journal is a history of file versions.
To do its work, the Subject System creates a journal for each
site, merges them to look for missing versions, and either
updates by copying more recent non-conflicting versions, or
else reports errors if there are conflicts.

As with database journals, the journals used by the
Subject System contain not only names and timestamps but
also actions. For this system these are very simple: either
“update” or “delete”, which can be inferred from the fact
that a previously-present file has disappeared.

Including deletion operations in journals means that rec-
oncile can safely propagate deletions to other sites, again
checking for conflicts.

There are actually two kinds of journals: internal and
external. An internal journal is stored as a special file within
the directory it describes. In each hierarchy, each directory
has its own internal journal. An external journal contains the
same information, but has been extracted into a separate file,
and stored somewhere else. Although this system can use
both kinds, it can only update to or from internal journals.
External journals may be used as sources of information
about necessary updates, but the actual files and directories
involved are not directly accessible.

One implementation of the Subject System is described in
the version of RECONCILE attached hereto as Appendix A.

The simplest and standard way to use RECONCILE is to
apply it to several directly accessible sites such as mounted
disks or diskettes. For example the command

reconcile . a:\
would reconcile the current working directory (named “.” in
most systems) with the diskette in drive A. The order of the
two parameters doesn’t matter. In this scenario, RECON-
CILE would be run when one begins using either the office
or the home computer, and again at the end. So long as one
never forgets to do this, all updating is automatic. One can
even delete obsolete files without having them “come back”
at the other compuier.

Suppose one does happen to forget to reconcile at the
beginning or end of a session, and one then updates some
file. The next time one reconciles with the two conflicting
versions of the file, one will obtain the error message:

reconcile: Conflicting Versions, ./oops and a:oops
At this point the two users should consult their memories of
what the conflicting updates were, or use a tool such as diff
to find and display the differences between the two versions.
One now edits one or the other to merge changes, if
necessary. Finally, the resulting good version of the file is
copied to the other site, replacing the bad version there,
usually a copy program which copies the timestamp as well
as the contents. This will leave a record of the conflict in the
journals, but since there is a more recent, non-conflicting
version at both sites, RECONCILE will not indicate any
conflict.

In one embodiment, the Subject System builds journals by
comparing the actual directories with the previous versions
of its own journals each time it is run. This means that it
makes sense to run RECONCILE even for a single site:

reconcile .

This updates the internal journal of the current working
directory. If one makes several successive versions of a file,
RECONCILE will only see the last one since the last time
it was run. This can actually be an advantage since the other
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versions are of no particular significance as long as they are
not transmitted to any other site.

One can choose how often one wants to run RECON-
CILE. Even if one forgets to ran RECONCILE at the end of
a working session, one will not lose anything permanently.
The cost of forgetting a reconciliation will be an increased
probability of conflicting updates, needing manual interven-
tion at a later time.

Other applications for the Subject System are as follows:

Supposing the joint writing of a research paper with a
colleague, one stores the various sections of the paper in a
directory to which each has access. Ordinarily both users
communicate directly to avoid conflicting updates, but
sometimes one of the users forgets. This is handled with
RECONCILE. Each user makes a private copy of the entire
directory. Assuming the directories are named -tom/paper,
-dick/paper, and -public/paper, and that Tom is the user in
question, before beginning a working session, Tom performs
the command

reconcile -tom/paper -common/paper
At this point there may be conflicts. If there are, Tom may
need to give Dick a call to resolve them. Having done Tom
is sure that his working version of the paper is in agreement
with the shared version. During the course of the work
various sections might be temporarily wrong, or inconsistent
with each other, but since this is just a working copy and not
the public version, Tom is not concerned. Eventually Tom
will be happy with the final version having proofread it, and
checks it back in with exactly the same command as above.

COMMAND SYNTAX

The syntax of the “RECONCILE” command is
reconcile [options] [[-mode] (directory file)] . . .

If no directories or files are provided, the current working
directory (“.”) is used.
directory names a directory containing an internal journal
and files
file names an external journal describing some
remote site

O 1]

refers to an external journal on standard input or
output) mode is one or more of the following letters:

r read the journal but don’t write it
w write the journal but don’t read it
0 do not update files, only the journal

Option parameters are:

-q work quietly, suppressing messages about actions
taken

-n do not update any files (except journals)
regardless of -u flags

-h print a helpful description of the command syntax

-a sitename  Abandon named site. Use this to forget

about a site which is no longer in use.

This allows the program to discard obsolete
journal entries needed only for
reconciliations with old sites. Sites are
automatically abandoned after two months,
with warnings being printed after one month.

As to environment, in addition to command line param-
eters, RECONCILE gets a name for the computer system
being used from the environment variable $HOST, using
“UNKNOWN” if it is undefined.
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As to the overall sequence of events, RECONCILE per-
forms its processing in the following general steps:

1. Parse parameters, building a list of sites to be recon-
ciled. If no sites are given, use “.” (the current working
directory) as the only site.

2. Read the old journal file for each site.

3. For each internal site, update the journal by examining
the files currently present at that site.

4, Update. the list of known sites and their most recent
reconciliation times. Events known from these times to be
obsolete at all known sites will be discarded.

5. Perform the actual reconciliation, detecting conflicts
and replicating files when there is no conflict. Update the
internal journals accordingly.

6. For each site, write out an updated journal file.

These steps are described in more detail below.

As to the parameter parsing step, Step 1, this is a straight-
forward process of examining the parameters sequentially. It
is performed by procedure “main” in module “reconcile.”

For reading and writing journals as in Steps 2 and 6,
journals read by procedures “readjournal” and “readentries”
in module “journal”, and write by procedures “writejournal”
and “writeentries”. The journal file format is editable text,
described in the Journal File Formal section below.

As far as updates from the actual directory as in Step 3,
journals are brought up to date with reality by reading the
actual directory and inserting journal entries accordingly.
This work is done by procedure “readdirectory” in module
“journal.” Current directory entries are considered one at a
time. For each one found, a new journal entry for the site,
time, and filename is created if none exists, and the new or
existing entry is marked as having been confirmed.

After the entire directory has been read, a pass is made
through the journal looking for unconfirmed entries. An
unconfirmed entry indicates that a file once existed but no
longer does; that is, that it has been deleted. For each such
unconfirmed entry, a new journal entry is created with a
deletion action and the current time as its timestamp.

For reconciliation as in Step 5, the actual reconciliation is
performed on the internal representation of the journals by
procedure “reconcile” in module “journal.”

Reconciliation is performed only for the current entry;
that is, the most recent entry for the file. Previous entries
refer to out-of-date versions of the file. The goal is to make
the entry and file present at every site. For each site at which
the entry is not present, the program first checks to see if
there is a conflict, see below. If there is none, the file is then
copied from any site at which the current entry exists.
Copying the file may actually be deleting it if the current
event is a deletion event, or may involve creating or deleting
a directory or symbolic link. Copying and deleting is done
by procedures in the site module, since the action to be
performed may depend on the type of site.

Detecting inconsistencies is accomplished as follows. A
conflict exists for a site if the site does not have the current
version of a file, but does have some previous version, and
the current version is not derived from the previous one, as
defined below. Existence of derivation shows that the current
version came from the previous one by a connected series of
user actions. This implies that it is safe to replace the prior
version with the current one, since doing so is equivalent to
replaying the sequence of actions in the derivation. Lack of
a derivation implies that the replacement may be unsafe and
therefore should not be done automatically.

A derivation is a sequence of steps which convert the
older version to the newer one. Each step is directly reflected
in the journal of some site as a successive pair of entries, one
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following the other, with no other entries for the file in
between at that site. There might be intervening entries at
other sites, which would mean conflicts elsewhere but not
for the derivation being considered. This sequentiality at a
particular site implies that the later of the two successive
versions was created directly by editing or modifying the
carlier of the two. A derivation is like an audit trail. As it
records all the steps taken to convert the older version to the
newer one.

Existence of a derivation is determined by procedure
“connected” of module “journal”, which follows the direct
steps backward from the current version, skipping unrelated
events, until it reaches the prior version.

With respect to discarding obsolete events (step 4), with-
out some way of discarding obsolete events, the journal files
would grow indefinitely. An event is obsolete at a given site
if there is a more recent event for the same file at the same
site. If an event is obsolete at all sites, it can be discarded
because it will never cause an inconsistency.

In order to track this, journals contains a list of “known
sites”, each marked with time of the most recent reconcili-
ation involving the known site. This list is propagated and
updated as reconciliations occur. The known site times
indicate when information came from the known sites. In
addition, each known site reflects these time stamps back by
generating a list of acknowledgements. An acknowledge-
ment gives the name of the known site, the name of a site
known to it, and the timestamp of that source site. Again,
these acknowledgements are propagated and updated appro-
priately. Originating sites may use the timestamps of the
acknowledgements to determine when events are obsolete at
other sites. Any event which happened before the oldest
acknowledgement time must have been propagated to all
known sites, so its predecessors can be discarded without
causing conflicts.

Finally, there is a potential problem about lost sites. If a
site fails to produce acknowledgements, it will cause events
to accumulate indefinitely. This could easily happen if the
site is no longer used. To avoid this, the program issues
warnings about any sites last heard from more than a month
ago, and removes them from the known site list after two
months. There is also a way to discard a known site
immediately.

Note that as to Journal File Format, journal files are
standard text files which can be observed and even changed
with any text editor. The files are formatted with one line per
entry, plus a header line.

The header line has the format:

Journal of <sitename> <date> <time>—
<programname>where <sitename> is the fully quali-
fied name of the file hierarchy being journaled, <date>
and <time> are the time the journal was written, and
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<programname> identifies the specific program which
wrote the journal.
The entry lines each contain a fixed set of fields, separated
by tabs, in the format:
<verb> <date> <time> <name><type>
where:
<verb> is one of a limited set of literals denoting possible
actions:
+——create or update, making a new Version
——delete
*—some other site has a more recent Version, but it
conflicts with the previous Version at this site.
<date> is the date the action occurred (yy/mm/dd format)
<time> is the time the action occurred (hh:mm:ss format)
<name> is the file’s name, followed directly by the type
(no intervening tab)
<type> is a single character;
(nothing) for an ordinary file
\ for a subdirectory

@ for a symbolic link

Supplementary lines give the date and time of the most
recent reconciliation for each known site. Each line is of the
form:

$ <date> <time> <sitename>

Acknowiedgements immediately follow the known site
line for the acknowledging site, and are of the form

. <date> <time> <sitename>
where the acknowledging site (named by the immediately
preceding known site line) is simply reflecting a reconcili-
ation time back to its source.

Note that the RECONCILE program of Appendix A is
built out of the following source modules, each of which is
represented by a C++ source file (<name>.cpp) and a
corresponding header file (<name>.h).

reconcil ~ Main program, parameter analysis, and user
message generation.

site Defines sites.

journal Defines journals, performs most of the actual
work.

timestmp Defines internal and external formats for date
and time information.

myalloc  Performs storage allocation and checks for memory
leaks.

entry Defines individual events.

filesys Performs local file system input/output
operations.

knownsit Defines known sites, manages times for deleting
obsolete events.

parse Supports text parsing operations in parameter and

Jjournal file processing.

The following is a program listing for the RECONCILE
program, referred to herein as APPENDIX A.
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APPENDIX A

77 entry.h = joumal enczies 7
i 2
77 Declares clams Encry 7
2 7
77 A0 Eatry deacribes 3 Kingle element of gome directory, 7
77 maght be a plain file, 3 subdirectory, ar (ia Unixl & lyl\unk. "
" 2
77 EaLries ate chained Coyether To Make Journals. "
" 7"
77 A siogle Dntry describes files at all Sites, with 2 mask field 7
77 ingicating vhich Sites Xoow about che Eniry. This organization /7

7/ waxem )t relatively sasy to merge and compare differenc Sitem: /s
77 Journais. 7

7" 7
R e
typedef unsjgned char Actica;

#detine CALUNK O
sdetine CAADO )
Ndetine CAGHN 2
sdetine CA_GET 3
detine CADLL 4
adetine CATERR S

Cypedet unsigned char Eatoylype:

detine ET_LINK 2

clase Encey {

trisnd class Journal:

sublic:
11 conatruceor
Eatiy(const Action actionarg, 77 action
Const char® eiAmeary. 1/ entry name
const TIneSTamps ta, 17 encry timeaanp
SntryType typuargl: 17 entry type

47 Geatruccor
~zatry(volal:

/7 parae entry line ia butter
sTattc BOOL parmesatrylcomst char* butt

oot char’s ermmsg, /7 rewilting error neauage, or NULL
siter a, 77 mite praviding encry
Jourmal® k)i 77 journal deing entered
47 vrite entry }ine to new journal
¥oid writeentry(FILE* jourpaltile,
Actton action); 17 updated actica

17 get oaxc encry 1or the mame file, VOID if na more
Entry* paxtectryfortile(void):

/7 get previous entry foc the same file. VOID 1t oo mors
Entry® prevestryfortile(void):

: filesysh

101811111
17 7
17 tilesys.t - jutartace to Tile system V]

7. 7
g

24 flle /o eacry poincs

300L getattributes const chare targ truce sca
D0k SeA T ibuCee(comt Shate Earyethame: Siric srace sbys
capylile(conat chart scurceame, CORMT chart Larjetnase] :
tile{const chars targetoamel r

Craatesundiriconet chars cargetnas
rmmubdir(conat char® cargel
Fesdsymtink(conac chart sourcename, char® buff, 16t size, ELruct statt abl:
Crestelink[CONNC ChAT* TargeTaARe, ChAL® DUFF, Sruct NTat® sb);
mlink{const chars cargetname);

scruce mtace ab);

gRpzERant

¢/ conetruct pach names out of thelr componeots
extarn conar chart gerpachasse{const chart difname, const char® dirpath, const char® eatry
oane, .

at chare mourcefile, conat 1nc sourceline) ;
Fietine SETPATHNAKE (3, B () getpacnaane (s, Br £1 _FILE ., _LINE_}
77 get E1TsT element from a path name
XTOrM DOOL QETTSrITPATelemens(CONNT Charss Bean, conse charvi slesent]:

77 qet disx lanel
extern void getlanel(const char® drive, char *label, {nt labelsize};

” -

- pathname manipulacion (detfned 1n DOS, hut not {n Uiy} -

74 coavert a pathuame from relative co absolute, put in butter
extern char® _tullpathichac® bultar, const char® petk, int butlea]t

74 WpIAT pathsass 1nLo LT various cosponents
excern vold _mplitparn(const chare patn, crar® drive, chare dir, char* name, chare exchs
7/ recosatruct path name from component parts {any of which wight be WAL

void makepathichar *path, conat char® drive, conT char* dir, conac Char® hmee, <onsc cha
€ ert);

#itndet _WSDOS__

a/paran.n”
a/dirent.ne

edettne _MAX_PATH MAXPATILEN + 1

$detine JNAX_DRIVE 1

Sdetice _WAX DI MAXPATHLEN

edetine ZWAX_FHANE MAXHAMLIN & 1

sdetice “MAX_EXT WABULIN - 1 3

endlt // _ NEDOS__

-26-
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ety i

74 Get last encry tor the aane tile
Dnery* lastencrytorfile{void) s

77 et previcus entry for thix file kmcwn it a mite
Entry® previistedencry(sice* s}

4/ qet next antry for thia file and site, VOID 3¢ none
Mtrys overridimentry{ster 81

/7 TRUE §f there 1s A cayeal chaln trom Lhid watry to sacry f
BOOL 1sconnECTRA[ENETY™ ‘e

7 adopt {grab and merge in) childres of another eacry

vaid adoptchildren(Entey® o)7

7/ TRUE 1t entry knma Lo site
BOOL imlasted(5ite 8) { return {{listmask & m->getmask()) tx Q}; )

/¢ aswociate entty vi
vo1d makelinted(anc nn:, IRtE vritmask} 1listassk (s magkivritewask Ix mask:)

1/ rescve eatry trow site

void K, inct (1{tmask &x -mask;wricesask |= mask) }

7¢ TAUE it entry i

in siters corcent dhrectory iloca) only)
0L fecontirmed($1et &) { Teturn ((aursmank o

ehak()) du Ohs )

7/ grab child subdirsctory, leaving a NULL benind
Journal® grabenild(void) {Jouraal® re ¢ child) child = NOLL; retura rcr)

7/ creata chald subdirsctory
vaja makechild(const chare name)s .

7/ Temaber that chis encey {e presect o local direstory
void weteure(int mask) {euresask |x mask;}

private: 7/ 0o tair peexing lu buret
ncry® nextentry: 7/ next eatry in thiw jourpal
merye praventrys 77 previcus entty 16 this journal
consT charv entrynames /7 tlimane witbin alrvetony
ine mtwasx; 77 tiags tar Listed at

7/ tiags tor tile lclually tound

77 action on this eni
7/ type of thiw eatry

emodii e 77 time tile tast moaified

Journal® cnilas 71 Jourtal of wubdicectory

]

%
Saig
11104141, 1 1110011
) e
71 youznal.bh - journal incertace 1
11
17 veclaves class Joural. o
77 "
1 o
77 A Jourpal is a tist of wactries for a directory or sidirectory. 7/
7
77 Jeurnals ate arranged io & hierarchy by using the chuld tisld "
71 " of those entries vhich describe subdireccories. i
1" 7
77 Almo, Journal provides a liat ot journal 7
10 B te aed o kewp A 14t of Ror-yer-procesned Journala. 1
77 1"
1" qauean

clase Jourmalt

public:
Journal fconat enac® ’ "
—Journal (veid) 7 71 aestructoe
17 2300 or craste encry by oame a0d soaect i feueal
merye geceatrzy(
conet Actico actioa, 14 actacn, ece, tor aew entsy
const char+ eat .

ntryType
Nz mawk):

71 mite's muak
void dedsteatry(Bntrys #); 1 delete entry trom journal
vaid compinefournalaloumal® chers 71 merge e fournale

/4 da al) processing on cne Ji
Vo2 processlournal (0L tarlevels L Journa1es fouroaistabedansl s

Journate graboesciosrral(void) (Jourmal® § = mextjourmal: nestjourcal a NULL; returs )

privater
ournale vertjournaly 7/ pext journal in some 1iat of jourmals
Eueys tloacstrys /¢ tirec entry (o chls journal
omar cae subei, / subAirectory mame within tres
S0t writemasks 70 e flaga for write Desded

BOOL parseneader(const char* buft, coosT chaAr*h WiCename): /7 parse hascer line
road local directo:

17 infer delecions from missing eatriss

77 tead Journal tor s

17 wetge two subdirectoty encries

vold reconcile(vaid) 17 Teconcile coabined journala

vold writelournal (Biter » MOL coplavelys /7 write Jouctal for wite

1 41 capture cnildren
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myalloch :

g e L
7 "

77 knewnsit.h - declarws clasa Kpowasite 7" 17 myalloc.b - sate aanory allocacion & core leax detartian 77
7. 1 1 1"
SHILLI I LIRS U8 LS E 100 (L 10F 3200000082807 110EEE1E 77 Tetinew namary allocacion and release procedutes with ability to /7
77 eaten tailure to free allocated nemory of to doubly allocate.  //
"
clase Tinestane; /7 reterred ta below 77 Testa return codes, atorch it ervor. 77
7"
74 Alwo supports cne very X-(v- Butter tor tast tile copying. i

17 eneeecs InGUTSIte Clame declaration - -

"
/I/////////Nluull////////’n//// ey
class Rrowmsize |

public: 17 - ~ BACto entry wlnj:-
I

{4 paren DUEL 00 Cluaty o X Btk (o5 ack] 7 use the Kackos To AuScRach 13ne numoer 1dentificstion
atacic 4oL paramkacnng

conat cha 71 smput votter {2 aliocate an tnstance ot o pornted-Lo cbjace

Conet (RaTed ermmag, 15 errar pesage. of i sdat. gotmenivold v o mazeot i—FitE. L

16Tk ki 1 et tor mtes uned for follovng acks e
71 record acknovieqapent that kzame hiz msen data tron rnane 77 allorate an tnstance ot a poInted-to object. CORY 3 ALTiDY t
Static vold acknowlege(coost chart Enaxe ¢ chare rname}; Sdutine QFTCOPY{scmeching, 01d) getcopy((void **1tvomachinal, a\a. P, e
77 tecaed tack that sname sas updated by thie reconciliation 77 releaws wn instance of a painted-to obsect
Btatic vord rwonciliaticararget(conat chart anace) detine Telamiivord *¢ IR, VL)
44 get 119 of Known sice 77 append ta & eteing, releaing old K1 ard allocating new, iarger
stacie void killaite{const char® soase): $cotine APPENDSTRING(NI, §2) appwcdsCring{al, 32, _FRLE_, _LINE)
71 get r10 of cbiolets niten 17 coey a atring to aww allocated atring .

adetine biog, _FILL_, . LINE_)

atatic void killoldmites(vord):

70 et oldwat acknowlegerear from all sites to Eite Nnane

Btatic TimeStasp geracktime(conwt chare 74 mmm-sss tros coutines -

17 wTite known sites and acky T jourea

1
aLatic void vriteknovnsites (FILE* Joumalfilel: realin

extam vald getmenivoid Tvaomsthing. conat int aize, cocac char =sourcetile. comsr int sou
N
extemn void getcopy (YOLd 496T, EOMIST char “arc, Const Char Rourcelile, comst inc sourcel

7/ clean up Jnown siTes at ecd of run
3Latic void reseCknowndiTes{volal;

const epar *a tile, comst int
TSl conat AT seciined. comer thar -maureeite

extern char *appendscring(const char
& int mourceline) ;

private:
extern char *copystring(conac char "Esurce, const char “sourcefile, cooat inc sourceiinel;
const chart witenane: 77 nawe ot xnown aite
00z Killwas 7/ suppress tni eice 77 ta3i Ehis st the wnd of CThe progrA fun

axtern vaia verityeverychingfrewd(void):

Ancwisite] vad] 17 Wrivaten) conntructer

~Rnusi LY fvardi £ 77 (mivatel) veatiurtor
14 wewee-se 1AN® BUTTEF A1lOCALIDA snvee-ss

#TITIC ANE findKnoMTe (Le (conRL chare sname]s 71 1103, cont mace

204TIC 1A MAKeKnownaLtaiconst chare snare): 77 1103 or mak; 7/ allgeate large butte

STat1c vord dnternalackiang k, Int ). TimeSTampk ta)z Citan void oeCaitler (CRAT®E Dutter, inte Durteize)s

acatie ine nimown " 71 releans large bul

static Rnownsiter xnowm;  /f Uremvata reimatturicrares mutters

static Tinestanp® ack; 77 ackals, 31 = ackali * nknom « 3}
77 ieaalas ) = tine i e Tase board trom
17 acxaly, 3] ¢ 1'% krowledge of 3’3 tine
77t scknowlegen 1)

/I/I//III/I/I/l/IIIIIII///I/I//I////IlIIIIINI//////////II///I//I////I/I L e e e L L T
7"
// patse.b - pareing roucines . II 47 xeconeil.h - global censcante and variables tor reconcils program //
" " ’
R e /7 This tile defipes Che inzerface for reconcil.cpp 1
,
77 compare prefix wilh String, recutn pointer past it 3f match. NULL if mot FEILITEELLE1E80802, ey Qe
@xtern ronEt char *SKIPAErElIX(COASL CDAT "Prefik. const char *atring):
77 s€an ane “word® [bounded by whitespace) IALO butfer. reLMm acvanced can /£ boolean value type aiseing trom ¢ language
SCeaT comet Chat *GeeralcaneE CBA Shetn. Char “Duii. ML BEH)1
sitndet BoOL
7/ compare 1w file panes icave ARBDSITIVG i6 DOSI sdetine 2001 inc
eatern int nasecanp{conat char *Stringl, conat char *stringd): *define FALSE O
*datine IO 1
{1 satum poinier o beginmipg of aest vers in Butter (skip current ooe) vondst

extern char *Dectwordichar sbuttl
77 Journal t1le sane

itdet _NSD03.

¢etine JOURALFILE *ioterasl.ini>

11 _N5D0S_

eceting JORULPILE

tenalt // _%sDOS_

Jourmats

/1 progran-wite parazeters

extem char *version: 17 mame and versioa of The program
extem 300, quiet; 74 run vith a mioinun of meerages {-q optico)
@xtern BOOL noupdate; 77 80 oL update any directaries {-n oprica)
axtem BOOL provleas; 14 recorciliaticn vas Lzperfect

74 wotry points 1n cwconcil.epp

7 neskage “vert trom source To target*
i o fomasate (emat Shate vavh, comss Chart source, cosst chart targeths

7/ warning message - program continues
vord WarmingNersage (conat CRar *mwsaage, ...):

{4 uarnans peamaas - arror doing eyaces cpstation
¥01a Filesyetemser teonet char mverb, consc char filenanels

/4 @rvac meanagw - program exit
VoS TaraTmereayw(conRt TRAF meRsige. .o1

¢ errar nessage - interna) problem - progran exite
o1D AURTLIONFALLEG(CORRE CHAE *f1le, CORRC 1NT 310e))
$3fine PAILURE Assercionfailed(_FILE_ . _LINE_}
€Geline ASSIRT(D] 1f (1(P}) FATLURE

~27-
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int mask; /¢ masx bit tor thas mite
BLALIC 1830 NeXTEANK; /7 oext unallocated wite
77 3ite.b - depcription of a mite being recanciled with othwrs ll BOOL writeonlys 11 & not Tesd oid jourtal l“a
1" BOOL rwadonly; /7 do not write paw journal file
11 Detiows cla: Site " Timestamp acktime; /7 time acknowleged Ly all known sites
"
I e e s N
: !

“eve Localpite sutcla

class site § class Localsite : public S1te (

putlze:

puslics
$icetBOOL rrode, BOOL umode) s /1 coanstyuctor Local Siteiconat char® name, ROOL rmode, BOOL Wnode, ROOL orodelr
virtual ~Siceqvold): /4 destructar ~Localsitelvola)y
szatic vold rwewcoitwalvoid) 17 celete all sitws

tdeluze tirstaste; | 3001 1alocal (veld) | fetbrn TRUE: )

300L {supdatable(void) [return [!noupdate &k updacabiry:)

virtua) BOOL 1slocal(veld] = O II 13 a local conet char* geLrootRame(void) {(tetura rootoams; )
BOOL 1sacurce(vord) 4 provides mmxlllnnn into

{return ({8localf) It 'ert'unly} b TILE™ openjournal {censC char® mybdir, const char* mode);
BOCL iatarget(void) 7 teceives recanciliation info void complainaboutjournalfila(const char® supdir, copat ch-r' measage, const chars wut

{return (islocall} ki !readonly):) th
o )l!nﬂm vold) 7/ OF to raad journal

trtutn rortteonivs} petvater
A00L 1wwritable(vold} 4/ OK to write journal

{return ‘readonly;) cooat char® rootuake: /7 pathnane of data subcres
vircual ROL llupﬂatlhlclvmdl 14 OK to update B00L updatediTy /1 update files 1n directory

{ratura FALSE: )

i R

vold dnnur_\dnulvold' 11 prevent wrating journal .

(reatonly » TRUE: }

- Recotesite subxlask

seacie Sites getfarataitelverd) 7/ SEATC 1taration over sites

{return tarstsice:) clann RemcTesite : public Site ( ,
siter getnexcaice{void) 17 continue 3twration over mlten i
treturn nexcsice: ) private:

void secuitenane|const chate aitenanaars):
coast chiar® getaiCariane(vold) R
Izeturn (sitemame ‘= NULL) 7 sicemme 1 getrostrane(); | publics
victual conat chars etroociane(void) 77 get 1ocal directory oot -
(Toturn WULL; 1 Memotessceiconst chare mame, BOOL Tmode, 30OL wwode}:
inc getmaskivoid) 11 get site masx bl “Mamotesite(void) s
tre

conat chact fnlnanes 14 wxtespat journal tilw nane

X; )
Timascarp gﬁnck:ln.(vﬂlﬂ) 77 qet cime of last ack WOOL {mlocal {vold) 1 return FALSE) )
tre 2 )
V10 petaFNc iun [ Timetanp to) 71 wet time of last ack . FILE® openjournal {conet ChaT® BUBGIF, CONBL Chat® modwl,
acxElre » tar) vold complainabout journaltlle{conat chars aubdic, conet char® sessage, conet char® tut
ty

17 joureal file /0
virtual FILE® openjourcal (const chare subdir, const Chars mode) = 0; i
Vireial void complaimabouc)aurnaitile(conat chare subdir, const chart Beesage, coost ©

Bar* putf) = 0i

private:

szatic sices tireaites 7 hesd of sire list
siter pexcrice; ¢ vart 1n site bt

const chars sitenamne: 17 wite name - wa consisteat az possible

/IIIIIII///IIHIIIIII//I/I/I//I/IIIIIIIIIII////////I///III/I/I/IIIII/HI
"
77 tiseatap.h - time BLaRRing And Comearimon 7

77 Declares clamm Tipastamp. /1
" Dectares global variable *now. time progras Ls beiog run. "

7
Sorusnrn v 14 LI

class Timestamp (
publics

2/ eonstructor
Tisestampivaid) ;

17 resst to very early ti
[tyateturif

Ican distinguish with neverset(t Swlowl
17 st from a system
void WEamptime (CIMe_C qu-n-);

77 exteact a wystam Cime
tinet gectime(void):

i £31l in dace from text in butfer
Parsedate(conet char® buft):

77 t311 {n Cime from teat (n buffer
Parsecimeiconet chart urt))

7 tormat date to returned string '
chare shoudate(void) :

77 tormat cime to recuroed striog
chare showtime(voia)

17 compare Two TiBepLanps (rwturna -1, 0, +1, am if T31-Ca2)
triead ant tal, const o217

14 set
018 getpasticomt Lok mocthe) :

77 TRUE 16 EIMECARG WAw Yewsi, never ST Ta an Actual Valve
BOOL Devernet(void) (ratura (wo == O]}

privace:

unslgned char yr;

unsigned char c;
n
11 +ossenen GlODALR =vnve

wxcern Hwestanp now; B

-28-
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pReanadiad cnlry.cpp
R
17 entry.cpp - journal entriwa 55
17 Defanes 10a3Vidual jourma) entries, opw per tile/subdiz/symlink ;;

ey

tiociude
dinclude "cine.n:
¥include sTring.ht

#incluce *reconcit.ht
#include “ryalloe.h
eincluce b
einclude
sinclude
#include “eatry .5

#incluce ~journal.ne

1"

eees INLEY COOR oeeeens
14 entry cocstruceor

Intry(const Action accicoarg, conm: char® enanmary. const TimeStamph tx,
typears)
«

catiynare o MILL;

GETCOPY (aqcTynane. enamesrgls

type 2 typearg:
emld = MOLL

¢ entcy cestructor
Encry s -ty (vold)
‘

RELIEN (enc {
1t (chila tx wOLL)
detete chile:

1

2¢ €lasarty verd in entry deseriptien
atatie const char® clazsify{comst ¢Bar® scan, Action* resalt)
i

char bute(9);

acan 2 getword(acan, butf. Bizeaf buftis

ML sceemp(Surt, tADDT) ax O (1 mTIA) ex a 4L BULE(] s NG

- U

elne 1t u:ranmmrf. “GON') we O (1 BUTHIO) sx ‘- && Dutfll) =s \Q°}
iC e CA_DON;

lov 11 tekcoma(Sett "OET) sa O 11 BUTEIQ) me a4 BUIFIN) sa Q%)
Yrasult o CA_QET)
elae 1t tacremp(Buff, "DIL') s O ¢ BULE10] e ¢ &2 Duefi1] av \Q°}

ERR: verh a **%; break;
Gatauics PAILRE:
)

tprinet (jeurnalfile, *\s s A A
timeeoditied, showdated) .
timeocifisd.showtinel) ,
eotrynane,

{eype == ETOIR) * */* : [type =s ETLINK ? "6

An®, vers,

7/ retum perc entry tor sane tile
Entry* Dntry::nextencryfortile(vold)
‘
Entry” 0 » nexrencry:
1t (0 's NULL 3 manecaep{a-Meartynane, entrynane) ‘s O
recurn MULL;
Toturn n;
'

14 tetumn previous entry tor mame tile

reventrytarti ke (voidl

Eatrys mery::
¢
Ty p o= preveatey:
BT (D e NULL &é DanecoRp[p-enlrynape. entrynade) tx 03
Feturn NOLL;
return pr

71 Teturn lamt ently for seas tile
Intrys Mteyiilastentryfortile(void)
t

BAcry* noa ths;

waile 12 NOLL B
0 x aesnaxtentry:
rweurn o

1
14 vezuen provicus entry for tile wnich in logged at alte
Eotry" Mtrysipreviiscedentey(Siter )

eaeryt g v cms;

wile ((q + Q-vpreventryfortile()) 1= NULL)
L1 (sl aced(al)

e
return WOLL:

17 300 & more recent enczy for this tile and mite
Eatey® Mtryicoverridingentey{Sices a)
t

Enery” e = tht;

whyle (fe s e->caxcencryfarfile(]) ‘= NULL)
Lt le->iuliated{s) |1 's-saascucce()}

m e

ret,
recumm NULL;

5,600,834
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fentry.cpg i

T = CADEL
At [Btrenp(butf, "ERR*] == O |} BuIf10) =x "** K& bUEP(1]
s

*reRull = CAUNK;
recurn scan:

L
1/ parse satry trom 1 journal tile

300L Tntty::parseentry (eamsci char® butt, COnIT charwi ercmag, Sices 3, Jaraal® k)
: |

char wordj6str
const chart Bcans
chart W

Action actien,
Timestasp ta;
oLryTypw type:

wan @ butt,
wcan « clasaify(scan, &action)s
1t {action ax CAONK)
return FALSES
SE (actiom ms CAADD |1 acthom «x CALOIHI |
sean » grrverdincan, wore, eizeot et s
1€ (roe-pacsedateluora)
tuag = -wreog date famat in Journalsy
etarn TaLSE

i
s0a = gervord(scan, word, aizet vord) s
£f {(ts.parsecimestuord}
ermig = "ureg cine toraat 10 jourcar;
rarurn FALS:

it (eomarectnenite, o) > 0) (
ey = “future Tisestaap i Journal':
Tetura mALSE,

acan = getwordscan, word., sifeot word):

AWp = word) twp is "\OT) Wpee)
1T Ivm o ward) vpe-s
awcen(
are 1P 4 vy type « ETOIR Breacs
cawe 167¢ wwp x \0Q': type = ELLIN: Braik;
astavie: type = ETFILE:

1T (action we CAADO |( action wa CALGOX)
K->gurentryaction, word, type, mesgetmasr()):

1
return UL

3

44 write eotry o pmd jouraal

void Fateyiiwriteeatsy (FILE® Joutralfile. Action actico)
t
chare vecd;

susten(actical |
Canw CALATO! VaId » =e*; Dreak;
ca aon) ved

a0
case CAZAET) verd
case CALDLLI verd

/4 TRUE 42 there is a cavsal chaln from e to T
BOOL ERTry: :taconnected(Intry® £}

Entry® ™1 // encry kuowm To be connected ta f
bt
il tnta ae ) (

f = t->greventrytortile(}s

ASSERT(Z 1» WULL):

1t ((f->11ntausk & nerliateasx) a0

)
eturn (Ehis es 0};

21 acops the children of apotber eocry
va1d matcy: adoptchildren(Entry* n)
it (cnild = BT (

chila « o->enildy
Be>enild = NULL;

aiwe 12 (a-ichild 1s MOLL)
child->cospinesournalain-schiid);

'

/4 creste chila

void Loty imabechild(const char® name]

child « naw Joumal{nane);
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u tilesys.cpp - ntertace to Cile ayscem

////////l////n/ ORI E 11 180 2 ///////////u////

tinclude "meolib.be
sanclude eyetatac.n”
Ginclude stonti.h

tare. be
oinclude "atriog.he

wirdet i
et e TAmRERRATOR AL
oddetine PATHSEPARATORSTRING \\*

aeting IATMALPAMATORSTRING */*
slnclude -unimed.n®
#include ~symlink.n>
Sendst 4/ _WSDOS_

tinclude <peconcil b
nclude =F1lesys.h-
tinclude myalioc.h®

1" - “tile system cadess--«---

17 copy f11e from site to mte
$00L copytalelcent char sourtwume, const chart targetname)
i

int n;

ins rey

STrCE BEar an;
[y

10t ouct
chace butte:
e buftsize,

sitcet _NEDOG_
1ne wavelsode = _tmode:
_Tacde n O_BINARY

Lt ¢/ WSOO0S,

1010 » open(sourcaname, O_RDONLY);

1t f1ard « 03 ¢ )
FileSystemmessage[open”. sourcesane);
Teturn PALSE;

(Eseatiinrd, in) = 0) {
r “ger

claseiintd) ;
3

B
TeTutn PALSE;

savepronlems « problems;
ROTATCTIDULeR (CATgetnane, WOl :
proilems ¢ saveprobieas;

recurn TRUE;

14 read mysbolic 1ank

s11det
roriom argsused
endit 7/ 6

D05
ot readaymlink (CONBE CHAF® sourcenamw, Char® buff, 1ot $ize, SLIuET aLate ab)

Virser _wsom_
return FALSE:
delze 7/ __WEOOS_.

12 {:getattribuces(sourcenams, o))
retura FALSE:

it (readiankisourcenane, but?. eizelc &) |
3 sread Lanks,

TeTurn FALSE:
recum TMUE;

sendit 7/ _MEDOS__

t

17 craate mymbolic link

oitoet

¥pragma acysusvd

tenait // _MS005_
BOOL CrerLelink (conat cHAr® Targername, cHar® DUff, STIUCC EEats ap)

Velve /7 _HEDOS.

12 lsymlink(mut?, targetnamel < O) {
Linke,

Teturn FALSE)

necareribat

[targecnane, obl;
recurn TRUE;
Semdit ¢/ _MEOOS_
3
14 get attribuces
300U GEEALEXIBULEI{COGMT Char* POUFCecame, BLTUCL SLAt® sb)

11 {seatisourcename, wn) < 0) {

5,600,834
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it {intd < Q)
return FALSE;

ouetd « creat{targecnane, sb.wc_iodel

eitdat _WSDOS.
node = wavetnode:
aeadit 7/ _H5005_.
[
1¢ [oueed < 0) {
FilsSyacenessage(*urite’, targecnane);
cloam(1atd) H
Tecurn FALGE
) '
1

getbutter(butter. buttaivl s

for 003
it ((n . rnﬂlm!d mrt-r, buttsize)) « 0) ¢
{*raad®, sourcensxs);

Entile(caTgetnans) N
relttter (huszer)s
recurn FALSS;

Lt (n <= 0) break;

while (o>
e = wnk-lu.xt!!. Dutter, )
it (rc < 0}
Dreak;

o -x ey

M tre < 0t
nlesyl(-nnnvl( write*, souscenane);
clase{inf
on (ml:td]-

«(caTgetnane) s

Telbutter (hattar))

3 11 eopy locp
closeninra),

e
aTatirIDuteR(targetanes Asbls

relbutter (butter})
)

74 crwate cew subdirtectory
BOOL Craatasubdit(Const CNaT® LargeLname, SCTUCT BLAc® ab)
BOOL saveproblema;

12 ks xieargecaane
e12ndet _NSDO:

"
reTurn PALSES

retirn TRUE

14 sat avcetnutes
ROOL BOLACLFSBULes (COORE CHAT® Targstname. BLIUCC SCAL® aB)
struct ucimeut ues

se.actine - atime,

it (mmurm-mmxm, xuz) v 0)
te tnr' ’

1t (cl-mmrw-m--, aiyals ¥
T eysteaneansgel-ael ScooRt CoRCTOl f0r°. CargeCnamel !
Foturn oL,
)
14 temove tile
BOOL FAT1le{cOnaT ChAT® Cargetnama)

it (unl§nkicargecnans} < 0)
SystesMensage(*renove®, Cargetomme]:

* returs TRUE

1/ remove subdirectory
'
300l CRAUDALT(CONST COAT* tacqetnamel

1t (redir{cargatoane) ~ 0} // probably nonsapty Xxx

return TRUE;
)

11 remove 1tnk

Pitdet _MDOS_

1t junlink(targecnane) < O)

nke, :

ety TRVE;
dendtr /f _MADSS..
)

1} ==--—-=- Pathname msnipulacion (detined in DOS. BUE RO in Uaix)

eitnaet _WS00S...
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filesys.cpp

axtin - dot| = "\0';
17 convert a pAch name trom relative to abeolute

ehate _tullpatnichar™ Duffer. CONAT chat® path, iac butiea)
t

/4 reconstruct file name trom conpacent patio

intns
Vold _makepath(coar ~path. comst chart drive, onet chart Gif, coneL chart name, coomb cha
1T (*path s PATHSEPARATOR! ( = oty 1

1 It e wutivat ¢
MUl inc m
nerepyloattens patt: !
) 1t (@rive te NULL &k *dEive te \O%}
wlae t FAILUAE; i
it (Tpath ax "Lt &8 TIPATR o 1) =a PATHSEPARATOR) ;
patn on 2 ¢ (dir te wLL 85 sate b
e wﬂ.r\‘ulhu!lvr. buflen) we RULL} © = strlenigirly !
n WOt wceepyipacn, S50 s |
e wrventbelTeris <h ve n
B s ainpase o wtien) It (A1rIn-1] T PATHSEPARATOR)
recurn KULL: “pachies s PATHSEPARATON
burCerines) o PATHSEPARATOR: '

atrcpytbutter « n, pathy;
1t iname 'z WULL & *mame z *\0%) {

Tezurn patter n « strlon(man) .
¥ strcpy (pees, naaw);
patn +u o
7/ #D11E & pathnase 15to Lta Various conponents '
¥oid _upi1CPath(const ChIE PATR. CRAT® drive, chare dir, char® nate, cBAC® ext) 1 e e L 46 e 1e ey
' H
a0t g, s, dots pathes = t.%
secpyipach. exiis .
11 Ipath =3 KWULLY pa ) N
toraep v ot 5 a0 patblal ta \G" pee) § ¥
sitenipathing)
cane PATHSEPARATOR: Soudit 77 . HS00S_
fne e
breax)

- £11s nase sunipulstion -

. 1" -
@t an e 1:

Breax; 77 gec tully quAlified Cile nane troa directary and entry rame
' ccnat chare gerpathaume(COnRL ChAr® €ifmame. £onsl char™ dirpach, CONNL Char' estrymame,
3¢ (doc =e @) const chact ourcetile, const int sosrceline)
cne (
dot -e 1; conat chare scam:
coast chare ramestart;
3t (arive e woLL) const chart pattmaner
drive v \2-; .
it {airnune L 1) darnaze(D] ws ‘¢ &6 Girname}| me A}
$ar e e o Pathnam v copysteang{'*, sourcetile, sourceline}s
nepytdie, pacn, pirts)
Sirime) a B pathoane = sourcetile, 14

St tascpath =s MULL) dirpach = °%;

it (name ‘¥ WOLL) 4t tentrynane =» MULL) snCrynane = *
stencpy [oamse, ouh . ue. dot - sep); 4t trdirpath ez ‘\0’ &5* anCryoade == '\0°) {
naneldot - wep) = \Q' 41 (*patboame s= 'N\Q') {
¥ k:um|wzhnm-|
PY (pathnams,
AT {wXC = NULL) ¢ 1
trnceyleAt, paCE ¢ 9ot 1 - dor) raturn patnouae,
filesys.cpp iy L flesys.cppd
for (1sywty 1 -hwr Hn!t tt_sane &2 (CDIK. Tt _name(1] tw °\D'; f49) {
1z (Hhx: [13 * 88 ] < labeimize - 1)

_anel §
Beliso] v FIOLE. 1 nane(iD)
ecan te \0s ocaneel € '
Label[§) = *\D*)
e

)
namestarc = scan ¢ 1 teteg 41
Dbreak; e ries; 1¢ prevent uarolag about drive tor weed
Sendit [ __wSDOS_. reotit 1 - MSD05
Case PATHSTPARATOR:
fasestart = scam + 1t 27 d1sk lavel Gidn‘t work, uee bost naxe
break;
' 1t {hoatpame xx MULL}
) oatnie » geTeny(-HOST" tH
it iostmane =
U (nanestact « scan) e
pathnme » e f stencpy (anetl, bostnaae, labelatzels
1t (*diTpath tx A07) { labed [labelsize - 11 = \0‘s
pathnane « appendstring|pathnase, dirpach, sourcerile, sourteline); )
1t (rentryoane s \0°}
mathoine = (pathnase, T 110
i
)
1t (rencrymaae 1s \0%)
pathname « . et sourcellue) s

fetucn pathosee;

17 get one element from pach name
BOOL geLliTstpatilenealiconat CHAT*h 8Can, cocnt char*h element]
¢

ctac butt[256);
chact acutf

it (scan we WRL)
retum FALST:
Uhile (vacan »x PATHSEPARATOR)

£or (BTUrt = buff; *acan ts ‘\Q' && “acan ts PATHSEPARATOR: Bcanss)
“atuttye o *ecam

GETCOPY (elemant, buff);
retura TRUE:

17 9ot Siox latwi

vo1d getlabel{coost char® dri

char *label. int }abelzizel
BLaTic ChA™ hostoade = NULL:

#1002 _nSDOS_
ina,
struce oIk FIDLK
char pathl_MALPATH];

_makepach{path. deivi
i (fivafirattpatn. &TTDIX, m_wn.) an O && {IfBIX.(£_atCrib & PALAREL) tz O} {

-31-
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R FEEONN jowrmal.cpp’
/l/IIIIIIII/I//II//(((//IIIIIIII//IIIIIIIII////I////IIII/I/I/II///I/////
77 joursal .cpp ~ journal mampslation Toutites o
77 Detines clams Joutnal, Perfome MOAT major wanipulations. ?é

7" ’
O O R s

“atring.h

-m rent.h®

Sendif s/ _KSDOS_
tinclude "ayailoc.h”

Hioclude “recancil.h*

uncluse 'Hlnys ne

- tnternal statics & declarations -

7R
static chart jheader = *Journal of*:

- Journa) code

"~
14 Jaurmal coostructor

Journal::Jdournal [conat char* Eubdirarg}
i

nexc)ournal = NOLL;
Pirstencry » NULL:

17 Journal destructar
Journal: 1-Journal {veid)

RELGEH (mubdi 3 ;
“hile (tirstencry t= NULL
reeentry [ aesteocry:
vnlle {nextjournal = t
e} e hext touriatr
nexefournal « 1enextfoutnals

- journalicpp*

.\u

- oaeCencry = 0)
at (n Yo NOLL)
ne>preventey = i
aclete e
)
14 parse journl beacer lioe
BOOL Journal::parseneader{Const cBATe butf. const char® initacame)
¢

conar chare scan:
char shutf[2561;
chare atuft;

wcan = ;kxpvn—ux()nnder. bute);
e (azan =x
Teeurs PALSEr

4/ got mitwnaee

vhile (secan en © 1) wcanses

atuft = ebutt,

foile Toaean e o0 4k vimmpacervrean))
Facuties x sacane

eatutt ® A0

GENCOPY (sizename, aBuULT);

return TAUE;
'

71 vead journal tile
300U Journalciresdjournal (Sites s}
i

char butej2sél;
Journal ¥ w NDLL;
acan;
hare sicename o NULL;

conut chare elementoame;

14 curcent wubdivectory being pead

conet ctart ermsg;

5
sopscjournal (wbdir, *r<)) 1= NOLL} [

mn.  gecsutts s12e0t butt, journalfile) i= WULL} ¢

¢ nandle header line
at {parsebeader{mutt, i cenare))
A tx e ) 77 this excantisnes che roc

--muxwun(nmu-) [

b
olue { 77 this switches To Pome subdireccory
-uricemank = O;
acan = -nppunx(--wuum-u. sitename) :
1€ tacan - WL}
mnoumaltho(lumr. "ot within subtree",
T Tyourmaative 1e vatn)
close(Journaltile);

wate),

26

talete §:

1
77 tind or create aw eatry
Tatey® Journaligetentrylcensc Action action, const chart entrynine. consC TineSLMs is,
mtryType type, int sas)
t

oyt .

mery’

1nt carparer

conpa
for (e = fitatentey, p < NULL: o 's NULL p = @, 4 & e-snextentoy) [
1t (teonpare « Tamectmp(e->entoynaks, nceynasel] i+ 0)

7"
e’ 1t ((:mpau . tmparol.(nul- timemoditied, ta)) Ie 01

.ln i ((cu-p.n « a-rtype - type) = 0)
n)u n ((cmplrn = e-;action - actiom) Iz 0)

done
it (cmoan > 0)

W Protect agaimer 1pABility to wet directory timestanps
71 by umiog prior crexcion event at this site it ix ts ter

1t [compare *a O AL Typm x= ET_OI o
P la WOLL Z& m-vu-pm:rymm. peencTyniae) ww o
(-dietaask & maax) = O ® =

oceventrytortilel)]

tor leews v
1t 1o 1e UL .
compare = 0; N

e (ceapare te )
-z e rnuy(acnm, eatrynans,
e (

s, typaf:

cmr.ry ey
Tirecencry =

)
elae (
@ nextencey = peDextenCry!
peneXCHCEY = &

1

->prevencry = B
11 (@->0exteat, MoLL)
@->vaxTantCy->prevanty = ¢

)
32 {{e->1iatmask & mank) == 0)

@->makel{stedtmask, writmmask):
cwturn o

’
11 detete entry trom joumal

void Journals cdelateentry (Eatry? «)
i

>preventrys
Daxcentry)

eyt p o=
Dtry* 0 = e
it (p =e NOLL)

tiracentry o &

Jousmaliepp

retum PALSE)

b
Tor e s et iratentry) o 1n MULL: @ o e-soesteatry) {
e = e->lastentryfortilet);
it (namecomn(elwmentomr, s->ectrycame! ws O)
breaks

it WOLL &k te->lslisced(s))
wdentryn)
it ML |E ype = ETDIR) (
»Complainabout jou rnalf1le (k-aubdie, *0OC 1isced as & wupdlt
sccory in journal®, butt);

it tyourmaltile (s atdin)
tclosetjourmitile);

witenase) ;
Teturn FALSE;

1
5t (#->child = NULLY
i »”

X 2 e->child)
NELUEN (@l emencrane) ;
3

)
RELMEN(s1tenane) ;
EY

R
orrmy o *Piseing jourmal header:)

77 nanale xooun sitm linws (including acke)
. elae if (KnownS{te:sparseknownivutt, eremsg, knowa})
s

17 nandle entries
else it {Tncry:puarasencry(butt, wrrweg, w, this))

alre
sunrecognized Line in yournal Cilesr
)
ioutjournaltile(subdir, eromsg, buCtit
it (journaltile i= atdin)
tclometjourmalrilel;
Teturn PALSES
for {14) {1/ wlp, to gud of long 1
r {scan i '\n' 2% vacan 1e 10
(o theean o '\n‘)
16 (earcoiontt, wiseal Beft, youmaltils) s WTLL) brexk;
wcan

scanes} :

1
Koot zama s
It} meunn te acaim
tclose{journaltile) s
1
maaxneznw(-n
rwturn TRUT;
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28

joumat.cpp
11 vpdace soucnal by acanaing actual disectory

BOSL Journal:iresddirecrory (SLTer 3b
¢
Enerys e

£tryIyoe t1letype;
Tinastare ta:

const chare dirpath:
struct dirente de;
s0c resule
const chare patnname;
steuct azac sb:

1 Gme asloeal )
recuin FALSE)
QERATR = GLTVATHHANK(S- wyvLrootianet), sundir, NULLY,
cursor = openair(icharsidicpathis
1 feursor xe KU
Filwsystamsensagel-read direccory®, dirpatdl;
RELNEN(d) rpath);
1t (cureor xe KULL)
retum FALSE
wmile (ide ¢ resdtivicarsoni| e WL (/7 diretory scan
e oo “t

e
Maneceen (G- m_nane oA s O
coqtinue;
Bane © de->d_ane;
pathname » GETPATHWANE 8- >gelrootnans{}, subdif, 0AMOI:
result = lstat{pathaane, &3b);
1t tresule vz 01
Fylasyacemneasagel
RELMEM [pathoane} ;
contamue;

10a fal

+ pathnan

)
RELWDY [pachname) ;
saten [[a5,30 xode & S_1EWTY} {

case S_IMDIR: Ciletype = ET.DIR; break:
ortnder K0S

©: _IFLXX: filetype » ETLINK; break;
seatit 1t D05

Sefaults filetype = ET.FILE:
ta.atanptime(sd.ac AriRe;

© x ortentry[CA_ADD. Dame. L. TileType. s-gecmaski)i:

“cp oLty
o~ 0akech{ 13 (GETPATHANE (NOL3, oubdlr, naae)):

1
77 thiw entry ¥x1839, 80 BUbasquent entries are irrelevant
4/ thiw happens when a previously miszing [llw appears
Mmile tfe » eeonextencrytortilet)) x MULLI

It fe-nisliaced(nsl |

- 1. '
i

Co-11etmank 2> C)
delpteentryie)

jotmalepp

wrigemanX)

w-3nakeliated(n->lintnasl

WTtemask s wavemask:

14 Teconcale mites

vaid Journal::reconcs le{vold)

i

71 wource mite (wust be local)

71 source ite (may be remcte, sane a3 3 17 3= WOLL)
11 target aite

10t buttmze,

tor (v = firatentry) o te KOLLs @ @ e-sDextentiv) (
o astenteytoctite(rs

tor (T = SiCeiigerfirsteital); £ I3 WULL: t « todgutnexesite()) {
nististad(e) &4 T-dlatarget()) {
x « HULL;
tor to x Suonun(ln:uu()i 2 » NOLL; &
L€ (to-aliatrasx taaski}) fa O (

getoextite(}} (

x
it (a-sistocatit)
break;
)
)
ASSENT(X 1a NOLLY, /7 emtry odlda’e exiat Mich £o sites at a1
ASSERTI® =e 2 11 3 = NOLL)
. . subdtr, i
. ), supair, i

9,7 Sprod ety (¢
vt g 1s MO, sconmncredie))
amiometaace 1-contLrets Ah RN oveTride e, sourcenass. targetoa

met
RELHEM(EATgeLnsne] |
RELMEM (kourcenane)

contynue:

1t {noupdate:
mm(urv-u.m.) :
ourcenaze) ;

s
waten(e-zaction) |
case €A_A0O:

12 (6 fe MULL 4K To>imupdatals

rasenle-rtype) ¢
cave ET_FILE
[~copy f11.

-33-~

joumal.cpp

) /¢ wd of dizectory ecan
cloweat r(cursor
interdetetions (sl 7
Tetuen UE;

)

4/ voat-sean atter rasding directory. [1Ading unmtched jouccal entries.
£/ Lack of a matching auu.u\.ncry 18 uzed to inter » deletion.

BOOL Journals:interdeletione{s:

enteyt

for fo s tiranestey; o le WILL; @ @ e-nextentry) |
€ e Thedin) THoted(n)
17 i foeal teurral: Bt oot astectory
¢

averridiogentry (a) wx NULL} {

it (o-action we
L eatent iy tEaTho, e--entrycare, nov. &
f

Eype, 8- gecnaak(})r
AsSERT{e->0uaTridingentryn} wn WLL)

)
return TRUE;
3

77 coabite subdirectoct routane ot acopsenildren)

vold Journal: :combinejournal s{Joureal® other]
B

dzat
ntry”
188 Savesask » 0

wbile ((F = orber->CireCencry) s MLL) {
2k % WrIT
¢ = gerencryl
writamask «
jieprsniifindbn
other->dalecesncty(l);

omank;

)
/7 tind and conbine compatible subdirectories with differont timestanos

£ since st wema to be wposeible £ duplicate Cimciiaspd of

7t sundsractories (utime doesn’t work, at laast

77 1iable to have differsat tizescawps. This reaily doesac matier
77 88 ong as wm can cowpensate for iC by 1GnNOrING Birar tinwstansp
77 dittareoces oo directories. That e the purpose of Chis routine.

V014 Journals icomni neeubd! reivoid)
mery o
merye oy
nc eavemsak;
for (s = firatactoys o e WL @ - e-snextentey) ¢
@ (In * e->pascentrytorfileit) ie NULL
e AL i i et M
26 e-3type ue
ction s n-saction
Z& (e->aCTiON ev CAGON || e-ulype €3 ELOIN) {
venask = Writemask:

joumal.cp’ ;.
1t Icopytiletacurcenme. targucnane)|
e->aakeliaced (T->oetmank(), writamask);

asa ET_DIR:

copy @lrectory®, :
e (
vlnurimlﬁ(lmm. don) 6s
ervatesubdir(targetsane, £ab))
Saakeriatea(h sgecais ) wricenask)
break:
N

R
getbufter(tutter, buftaizer;
“copy symlink

i {
Teadoynlink(sourcenanes, buffer, butfeize. isbl &
createlink{targetnare, butfer, &ab}
.- etmask(l, wriceaanx)s

celbuttar(butter] s

break;
Setaules
AT,

18 (g =z NOLL I G-53CTION ex CALGOR}
o maxeliarea(c outmaak ()L Vtensks

ola mpdatablal))
uum{o-,:ym t
case FT_FILE:
InToMmasage(*Gelete Tile", NULL, Largetosas);
i€ [mnfile{cargetaans})
@->RaKel1BTA(T->gecRaNKI), WriLenaNk);
braak;
case ET_DIR:
~celet . NI, :
i€ {rmaubdir[cargerasme)}
o->makelisced(c->getnarki}, vritenank);
break;
case ET_LDN:
Intowsassqe| ~delete symlink*, MILL, targecoame);
¢ (tmliok({targecnane})
@->makel {Btec(E-IgRaNNKL), WI1LeRABK) T
brask;
dataults
FAILURE;
'
Dreak;
aefautes
FAILORE)
)
RELuru(Targecname) ;

soure ;
) 77 Maced in Joca) Update directory
1/ tec e .

)

11 wrice journal tile




29

Jjounal.cpp

void Journal 11writejournai (Sitet . BOAL toplevall
t

conmr_chart uitenamer
3

Action action:
FILE fournaltile:

risanietn)

Jnumlhle = seuopenjournalisubdir,
Tocatt) 1 Soplevel) r oty o
1t onenaiTiie ve ML
.
2= Sonctwrite()
retumi

mitecame » GETPATHNANE{S-:gera:Cenime(l, suddir, NULL)
fpeinttijourmallale. “3z 42 - \wo'. jheader, Witensne, VEreIo);
RELIGM{n1tenane] )

tor (e s frrstencry: e 13 NULL; @ 3 e-wnextentry) (
L fe-dislistedtn) Jt is-siasourcel))
dingentry(s);
WULL L& @-3cCion »e CA_QON]
q 17 30 carparezimes belos W)l test e itewlt
it {q == WuLL N fied,

2
c-\pl.unal:wc)wurnlll’lItllnhﬂln sean't writes, atrerror(ermoll:

evriteentry(soumaltile,

->actiant;

]
else (1 (esnextentiylortile(l =x HOLL)
q = e->prevlistadentry(a;
it (q !z ML k& -q-)ucmnecncu)'
© CAERR

action
eloe 1t (o

wlne 10 pe Ton
action e CADEL:

FAILURE;
euniteencry (jousnallile, action):

(toplevet)
Koamnst

w1 Lwknomas tve] footaalFEbes s
Uournatlzle te utdour]
telome{joutnattiet:

)

17 capture childres tor liter procenning

vord Journal: i Jouraals
¢
mesy o

for (e = firwtentrys e te MULL; @ = e->Dextentry) {
it te-semle rz WULL} (

chi Ld->nextjoumal wx NULLY§
@-Lchi1d- 206Xt jouTRal = souTnalstobedooe;
ournalacobedone = e-sgranchildil:

P
11

77 koowait.cpp - Setines list of knowm aites i

2"
npgngnnpununnnrparaay

-

- includes -

u tadet .h-
#include ~ardic.be
tinclude “Timwe.h”

$inciude *reconcil.ht

int Koounsice: somown

47 100k up by name. Dot creating 1¢ not found

0E XNeWNSITe ! :£IndKNOMAR] e cORNL ChatTe arame)
¢

e kg
1ne c;

X - nknown:

tor tx = O: kes) t
30 PlRDOIK | A 1Lenane, snane];

3
return -1,

74 100k ug by name. creacivg if noc tound

inc

WARKEKNOWIS1 Lo (COBSE CLAT® Snamel

xnownsice oldknown;
TimeStamg* oldack:

Nnﬂmln(lmﬂch
A (e < 0

& < oo

oldknowe * knom;

knowm x

= WOLL;
oldack & acn
ack
Ko

Cvem { (void**] Gknown, MKaoW * 31Ee0f (KnownSiGe] , _FILE ., _LINE )7 .

5,600,834

30

77 da all processing tor onw Journal
void Joarmaliiprocessjesmal 100l oplavel. Journalvé journalacabedons)

siter @ i

Eamer. chare sitansne =

for s = Site::gectirateits
3t {toplevel i 3-xf
reaajournal (s

3 (-igetaltonamet): i« HULL)
sitenane eknicenanet)

wgeTnexsartel)) t

e(); & ‘= WULL; @ =
loeal ()}

it (zoptevel) {
for Im = Site::gectirsteitei); a t= NULL; a « s->qetpextaite()) (
E-sBermicerars(sitanane) ;
it e-ieargen()

)

for (s » Gite::gectirsTsite()) m = NULL; 2 %

tatacges{ll

ter (s siterigectiracmce); ©
10 1a 8 k& meissource()}

ngecosxtoitutl) {

=0t

. NULL; £ T

i

killoldsites();

’ .

eomnioesunal ra()s

recancllel)s

tor (n « Site HoLL
{7 e itanten & (bopteve 11

jetnextalte(l) {
(v ltaaank &

slocal) it
=an
writejourna) (s, toplwvel)s
)

capturwens ldren [ jouralatobetone) :

OWRSILOPE.

noun - 1) ee) (

clamewniy] sitenine:

oldknownl 1]

Toomi1| Klilea ummovnul ol

for (3 = 9, 3 < nxnown ~

L dncre e 1 SlaeKLi * tnknaam - 11 + 31

¥
acklt * nknown « Xk|.reseci);
Acklk * nknewn « 1].reset():

771 hasn't heard from k
77 k hasn‘t peard trom 1

]
known{k} . aicaname « COPYSTRING (mname} ;

RELMEN (o) 3ack)
1

}
return k7

// parse ko wite
mites recurn k for subsegueqt acks

0OL KnownS3 te: :pAFseknoun(conpt char® butt, consc charts errmsg, inth k)

const char® ecani
char word|€51;

T P tas
ine 3

. 1t ((scan = skipprelix{*Koowh site-, butt))

WLl ¢

scan = getword(scan, word, sizeat word):
Kk = Rakeknownsite(word)

scan « gerward(acan, word, sizeaf word);
11 (ics.parmecate(wors)) (
€rTAvg = *Wroog date tormatt)
Teturn FALSEr

scan = gecward{scan, word, aizeot word);
L1 (1cs.parmecime(vordi | {
*uToDg Time tormatt;
retum FALSE;
3

it (comaracimesiackix * nimown Ky e} %
acklk * akaown
Pecurn TRUE;

)
olee 1t {{wan = SKIPPrefix(*$*, buff)) ta WLL) {

rmordiscan, word, $12e0f Word):
1€ (Its.pareadatatuard)) {
- e tamatt)

erwerd(acan, \lara. sizect word);
127 b parseci 6} )

~34-

esaextaitet)) (

n

mimoun ¢ nknown + mizeot (TineScampl. _FILE_, _LINE ):
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31 32

knownsitepp

wrms = “wrong tine format':
reurm FALSE:

) 1t (corparezires(ackik * DEBow + )1, tX)) < )
ackik * nknown v 31 = LEYS

irzernalack{iot X, 1nc 3, TImeSCaTph €K3)

acan s getwordiscan. word, slzeot word): 1
K = maxexmounaire{word),
14 actnowiege [sosne hae received 1ntormation fres raawe)
3t {compatetimes acklk ¢ nknoun s ki, €81 = Q)
ack(c * nxnown +
retum TRUE.

void XnowmSite::aCknOW1#3e [CONKE COAT® KRahe, CONBC CHAT? fmane)
t
nt % » RakeknowosiCe(anmne} s
o makeknowomiCe(rame) ;
eloe 1F f(scan « sKapRIROIR(TACK", BuLt]] 'w NULLI ( intarnalack(x, 1. ackl> [ nkeowm v 1)¢
)

|
acan » getwordivcan. word. sizeol word),

) = Maxexnownsite(vosd] ; 17 thas wite is target of a perorcilistion
b
3can + Getwordiscan, word, mizeat word); vo1d KnownSste: :Feconcil1aCionTaTgeE (conaL Crar® snane)
1t Arieparzedste(word)) { t
rosg s swTong date fomate: ine X = maxexncwooite(snaar) s
retum FALSE: tnc 3

3
ackiX 7 eXnowm + k] = nows
acan = getword(acan, word, sizeat word); for (1 = ¢ 3 < nkoows: jeb) (
1£ (1Le.parselimeivara)l loternalack(x, 3, acklj * rknown « 11): -
wrtmeg x surong time formats
Peturn FALSE; '

'
74 K11 wmive by sany

ASSERT{E v 0 &% X+ nkiown)s
intermalacr(x, ), €8)s vo1a Rnounslte: kilistte(conat char *anass)
i
retums TRUE; 0 K e trownibiial B
ik eiites v oL .
wlee 1t f{zcan x sKipprefixi. ‘. buffll ‘e MULI} 1 1
scan « getuordlacan, werd, wizeat vord: 41 K11 old wites
1 tite, phrevdate(vord) | !
T v erong Gate formaiT vold xnowmsive:skilioldaiesatvasd}
Tetarn PALSE: ¢
' e Xy
TimeSEamp arndst
acan = getworarscan, word, Bizeo? word); Tinestanp killdace:

1t (18, paraeine(wordi) {
“vrong tice formar:
returm FALSE:

warndate.geLpasc (2

)

it (corgaretines(Klilcace, ack|k * ncnowm ~ ki) »x O} {
3can = getword(scan, wOrd, 217eat word): Wamingkessace(*Site s abandaned*, knownlk[.sitenane}:
3 = makeknownolCe(sordi; . knamix|.killed = TRUT
3
SENT(K & 0 £4 X < nkDowm); sien Lt (cmaretibesuarmisce; acEIE - ninown » - 01
intemalackik, ). to): micoMesrage(*3ite is 111 be abandaned on ot Tommlk1  atcensne, Killdata
Mu(nx
Tetum TRUE: )
v )
el 3
retum PALSE:
3 14 get tima acknowledged by all known 3ites ta given pite
11 ackuoviege (incernal veraionl TimeScanp KnownSite::getacktine(coost char® sname)
77 indicates That site K ENowE abouT 3 Up €O TiAB th)
L

o
S

ine 1: 44 dastructor
Tinestaap
Fnounsites~Enomsitevold)
3 = makeknowasite (smane} ;
tx » ne: 1¢ (aitenare 1w NULL
for (K x 0: K - mmowm: Kee ) { Hin
1t (+RacMaI¥).%111s0 L& conparetimes(te, sckik * Aknowa + 311 - O] '
b = acktx * nmsoND - 3

3
recurn ca;
'

11 write koown eites to journal

vola 1 =~ 1ilel
1

me xr

awe 3

or (X a 0: % « nimown: keef |
¢ trknownik].Kitted) ¢
forintt (roarmalfite, *$ ie Ve
> K

tor (3 x 0; 1 < mxmowo: jeel t
Ay TeK a6 mosniji kil ledt
16 taexix - akoem o .everenc()) 1
Eprinte (Jouraaitiie,
P i
AcKIk * nrnoen ¢ 31 Ehoutine(),
xnown( 1. a1teaane)

)

17 €lean up kpown eices At end of run

¥o1d KAGMTISICe : : resRtinovne] tas (v01d)
i
ne kg

for (X = 0; k = nknown: Kesl {
RELMEX tknown | k) . aitenane) ;

)
it (nknown » 0}
RELDN|

tknawn) ;
RELKEREaCE) 7
)
omon e 0,

)

14 conszuctor

Xoouns)tes :RoovaS1te LvaLd]
t

it '
X118 « FALST)
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33

myallociopp

e e ]
"

SRR

17 myalioc.cpp - mate memory allaration ¢ core leak detaction "

2"
O ey

1

includes --

sinclude -grdisb.he
sinclude “stdio.ne
*include “etring.ht

vinclude
sinclude

myalloc.he
reconcil.he

1 -

-+ anretnale - -
14 detive _DERUG_ALLOGRTIONS_. ta compile with extra chocking
Bdetine _DEROG_ALLOCATI

Bitdrt __DERUO_ALLOCATIONS.
typedef eLruct emoryBlock |
STYUCE MMOTYBIOCK *next;
const char *sourcefile; 17 _FILE_ where allocated
71 _LINE_ where allocated
77 imitial byte of allocated acorage

aatc MmaryBloct “T(ratnerorydlock x MLLs
Sendit // __DRBUG__ALLOCATI

static 1ot blocksallocated = 0;

17~ sate allocation & leak decection s-e-v-ee

14 allocate maeory biock

void getmem(votd **something. canst int aize, const char *sourcetile. coast int sourceline
'

¢

#4106t _DERG__ALLOCATIONS__
MemoTyBlock *dat;
Sandit // __DEBUG__ALLOCATIONS

1t (*eomeshing f= NOLL) |
Ppranct (scderr, *Allocated over object: file \*ia\*, line Ad\n*, wourcetile, sour
celinel;
et

*itder _DEBUG_ALLOCATIONS

Qat s (MenoryRlock *pmalloc(size » wizeof {MemoryBlock] - 1);
At {det sz MULL) ¢

princt (acderr, Out ot Nemory\n*);

exiz(l);

aee = -pravptr;
DEEVDTr = HTC->NAXT)
treetirens

delse // __DEBUG_ALLOCATIONS...
tree("nomaching) :
€endif // _DEBUG__ALLOCATIONS._.

racwathing = NULL;

74 append atring2 to stringl, reallocating

Char *appenéstring(const char *seringl, const char *ncringl. const char *ssurcefile, const
ine sourcetine}
r vdst = WOLL:
prediie Serimintringl);

{(uord
stccpy(dat, stringl)s
sLTRy (dat » m, SEring2):
RELWEU{pCrangt)
return dur;

1/ copy atring to allecated space
char *copyatring [COnST Char *source, conac chat Sscurcefile, const 1nt sourceliow
¢

char *dst = WOLL:

qgetcopyt (vaid **)kdne, aourcy
ety

scurcetile, scucceline

74 verity that everything allocated vas freed

void verd tysverythingtrwed (void)
1

#itdet _DEBUZ__ALLOCATIONS_
Mascrymlock “mb;

1T [fiTatmemoryblecy tx WOLLY (
feriact istderc, ~Thw ollawing vere oot treediin):
tor (b = tirstmesoryblocks mb tx NULL; BD x wb-Mpext)
tpeantt {azderr, brock allocated a% f1ie \
saaurceline)
oxicd);

=, 1ioe W\B*, mbeimaur

®endif // __DENUG_ALLOCATIONS_

ASSERT(blockeallocated sz O);

-+ 1arge buffer allocatjon ----

36~

34

dst->soucceline = sourcetive;
something = {void *)idet->firschyte:

felae // __DEBUG_ALLOCATIONS_.

(aemecning = ualloc (stze):
if (=somethim
tpainet (mednre, ~ouz\oz manoryAD©)

i

secalt 77 _oEae_socrichs
Dlocksallocated +a 1r

11 copy a string fnto allocated epace

vo1d qescopytveid edat, cookt char const £har *acurcwfile, coast int wourceline)

char ‘cpy & NOLLI

1t (van 1= WOLL) C

tprintf(scderr, *Copied over obyect: file \*4r\, line Rd\a*, scurcetile, mourcel
10wl s

edt(l}s

gutnen((vold *Thecpy, .1 t11 1inw)s
ssrepyicoy. wxel;
“dac = cors

17 relasse previcusly allocated block

voig censt char * 2ile, const ine Line)
i

sitoet _DEBUC._ALLOCATIGNS

WeeoryBLOCK ¥HprevpLe;
Wemoryslock *src;

Se0dit /7 _DEBOG._ALLOCKTIONS..

(*somerhing ex NULL)

tprinctacderr, *Released null object: file \*Ss\", line Mdin-, scurcefile. sourc
elioe) s

exit(1):

Blockeallocated =& 1:
3t (blocksallocated < 03 (

forintf(stdett, *Releswed mare shiecca than allocated) file \*te\’, lime td\n*,
woyrcaline)
exicilhs

ourceti

Aifdet __DERUG_ALLOGATIONS

tor (prevptr = AfiPRMemaryblock: *Rrevpbr 's NOLL I (vofd *)&|*prevptr)-s(iratbyce '
« *something) Drevprr & &(*prwwptr)-somat) :
if (prevt:
fprintfiscaert, "Relmased non-allocated cuject: file \*Am\*, line $a\a*. sourcefi
- e, scurcetinw
exic(l)r

bufter, 1Dts butfeize)

vold getbuffer(chare
€
char Textra;
watra = (char *jmalloc(4096);
it {extra == WULL

FatalNeasage[*No memory for buttert)
tor (hutt = 16384r (butter » (char ¢!

Alloc(butfeize) | == NOLL; butteize -x 4096}

1t (buttaize
Parainessage [LHo memory for butter):

)
free(extra);
¥

vold relbutter(char+i butter)

trwe{butter) )
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.1 parse.cpp
R R R Ry P R R e R A

"
11 parse.cpp + parsing routines 7

o 7
N e

= Ineiudes -

hinclude “atodef .t

nieclude Teeype.
nclude “parse.n

"

Ry ot
77 watract ope word scanaed $1TING - up O ENL apaTE

const crar *gerword(const char vscan, char "baff. int size)
1
char *1im:t = bulf o size = 1;
wnile (§3apace(*scan}) BCanss;
while [1ivapace{recan} &L *mcan f= \0'} {
3t Ipufe < Linie)
*Battee e canee;

)
“Buttes 2 05
recura acan;

/7 compare prefix and Tetum pointer T renainder

conat char *4KIpSrefiz(conat CRar *prefix, conut char *stringt
Maile (*prefix cx *\Q’ &4 *string =s *prefix) ¢
mEringes

prefixee.

1
Fecurn (tprefix +x '\0Y) 7 NOLL : atriag:

17 conpars tho nanes 1qnoving case |in DOS), EomOring came (in Tmixy

nafdet _mSDCS_
rdefine TIXCASE(r] I3mupper(c) ? tolouwrlc) 1 €}
) 5095,

bavtine PIXCASE(R] (o)
Sendle 11 K500

11C RARCORP(CONDE Char *8tringl. conat clur =atr

2)

for (;FIXTASE("SCrind1) == FIXCASE(®2TTing2): stringlee, mtrimgZe-}
11 (*mtringl ®: N0

retum 0;
76 FIKCASE (*6Tringl) = FIXCASE(™

riog2l

1
#7 tind next word® (anything surrounded by umte smacel 1n input line
char *naxtword|ehar butf)

Char *acan » butt;

e
7w 7

77 vecontlle.cpp - main program for directory rwconciliatioo 77
" 2
0" 7
7/ T modale contains the programs user interface, coomiating ot /7
77 13ve Pacsing, meassge generstion, and global paramwier varladles. /7
0 7
77 1t alno containa the top-level routine, wnich reads, updates. "
77 Teconciles, ans w the Journala at tne Kecified sited 2

1t
PRI L LRI LTI 0L 18284381401

11 eemmees J0cluden -

#include *eye/stat.h”
*includs "sedarg.he

#incluce *recencil.bs

einclude “myalloc.he

#include ‘civestnn.ht
nclude

¢ lude

sincluce

sinclude

" -~ global and static inforsation weses=ss

chars vermion s ~raconcile compiled * _DATEL:

11 globally accessible suiten

BoOL quimt = PALEE:
POOL noupdate s FALSE:
BOOL problama v FALSE:

14 ====-n- t0p level routine -

1/ read. update, reconcile, and write joumals

Ive:d)

atatie veld doaity
t

Joumal® 3:
Journale oumalstobedone;
BOOL toplwvel:

toplevel = TRUE:
Journalazobedone = DEw JOUrmal (COPYSTRING(=*)) :
while {journalatobedope e NCLL) |
1 » journalscobedons.
Jourmalacobecone = 3->gramextjoumal [

ftoplevel, ‘
aslese j:

PRSECP

wile [sxcan &5 11aspace(*acan))

inile (1wspacel*scant 45 “ecan e \n‘)
canee
recurn scan;

- mesnages Lo the user ~ver-

7/ Bon-error masage *[wou1d] verh trom msurte £o Eargat’

Vo1d InfoMessage(conBt Char® Verb, conat char® scurce,

e {rquiets (
3t (noupdate)
tprinct (etaers, *would *i;
tprince(scderc. *Ae, verb);
2t (mource t= KULL) {
tprinct (xtders. * trom &
3t (cargec 1w KOLL)
tprinct tscdere, * tat);

1

it [targes tu WOULL)
tprantemcderr. © Sav, cargeth;

tprintt(mcserr, “\avh;

¥

27 waTning mewssge - Drogran cotinues

veid Warningkessage(const char® maseage. -

va_lise args;

arart(argu, meamagel
vfprinct {acdere, mesmg
va_end(arge)s

fprinet (scderr, “\ev)y
Proklems s TRUE;

args);

21 wasning memsage - wreor dolng ayatam operation

conat chare targer)

vald Filesyatessensage(const char® verh, conet char® fllensms)
|

chare ermmeqs
12 {reno »e syanerr |} ermo - 0}

wITaRg & *unkeown error cusDert:
olse
ormeg = sys_ersitatiermol;

(LIRS

- mlgketsage "Unable to

2/ tatal error msasage - program axtcs
void FaralMessage(coost chart message, ...}
va_lisc arynr
Va_STATE(ATGN, waBRAOR)
fprintf(stderr, *FATAL EMORIND  *);
vEpricct {etderr, AeuRaga, argel;

va_end(args) s
tprant? (scderr, *\n is amtiog\n®, version);

~37-

» verh, ¢ilenime,

errmsg)s
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“reconeil.cpp

mricil):

11 error message - internal problem - program exiza
void Avsertionralled(const char tile, comet inz fipvl

tprinct [acders, ‘FATAL ERNOR: program error in Ma:ddhne, tile, 1
tArInCE (acderr, “Sm eniting\n“, versioa):

17 tell user about Progran parameLers

acatic void tell(void)

tprinct (scderr, “\payntax: reconcile |-optioax] |[-mode) |directory | file)] ..\n
3
tprintt [arderr, Rth
tprinct (acderr, » airectory - use a local directory and 1t3 inCernal journalin*);
tprinct tacderr, * file - use an external journal tile, or ‘~* for scandard inpuc/
epucin®
tprinct (sederr, * it pa directory or file iz given, *T.** im usedin*):
tprinct fatders, "av);
tprince (sccere, * - Imodesatis
tprinct |stdetr, . © - don't write new fournalin®);
tprinte scdert . - U - don't resd exisving jourmalint),
tprinct iscderr, - © - @0°'T update tiles In this directoryint)y
printt (ecderr, RLRE
2prinet (ecderr, -l-optacas|in®);
tprinet |etde 70 Calw updating IO to update JOUTDALE)\A‘))
tprinte jatderr, - \
tprinct {scderr, -
tprinct {scderr, © ca sstename
1" - - paraneter pasalng

74 create new site siven dirsctory or file name
void makenewsite(BOOL Irode, BOOL wmode, 800L cmode, €ONST char* acan)
atruce scac sby

canlol =

&2 acan(1} == *\0°)
t_mode » S IFREG:
t)w n {acaciacan, &3bl < O
o7 nor tound ARk wrice only means craite a fils
rant A iy
etze [
Fllesystensessage!"f1cas, acan);
urm:

1

awitch {(sh.srmode & S_IFHTI| {

caun S_IFREQ:
oew Rematesite(scan, mode, weodel;
Break;

case 51
ool ucnsxu(-can, rmode. vmode, omode):

antamis

1¢ (sboTell) |
cell())
exiz{l)s

)
1t {:boordirectory)
Wakeousice(racde, wode. cmode,

H

1/ main - comard line intertace

void main(ine arge, char® arguill
'

Quiet = FALSE:
parseargalarge. argv);

it (problems)

74 Tun the program
it {tqutec)
tprintt (stderr,
domiten();
IF tiprobiems 45 tquiet
tprinct stderr, “Suctesatul rwconciliatlonvn)s

o\n°. version);

ow:a! westknowsiten(]s
nmyw-ryzmuunmn '

xnian

~38~

WarningWesEage{*\a is not a file or directory®, xcan);
raturn;

}

17 parse pragean argumenta
stAtiC void parmeargsiint acbc. chare aesvl]
Yo

conet chare scan;
Titve_t Timmiow;

20071l » FALSE;
baoTDirectary ® FALSE
ode = vaode & Omode = FALDE
o, BLanpTime Lime (GCimeNow) T
for (1 = 1; 1 < argey
wean = arw[lnlx B
Le [sean|0} == *=¢ &k scanid) te A0} {
ey
while (scan[D) «x *\07) t
awitehracaneel {
case

atgul
D eire scan):

breaky
detaurt:
fprintt (atderr, *Unknown suttch o ignorse.\n®, canidlis
)

|

aise ¢
borDi rectory =
makenewaice| (muae, e, mode, scas)s
mode = Umode = mNOde » FALSE:

INE.CPR

Pt 141110 1"
1 7"
77 aite.cpp - demcripticn ol a site being reconciled with othars "
7t 1"
77 Dettnes the sits lasses LocalSite and AemoteSite. 1
11 boes all actual 150 1v anme Locatsice 1"
" 1
L, 11801 14441 177

#include ‘mering.he

sinclude *recencil.bt
sinclude “timestap.bt
sinclude eice.n*

dinclude "myalloc.n*
sinclude *tilesys.n*

17 ~wweenc- Sita code -

Siter eltenificatuite = WL
ing Sltes ineatmask = 1

[

1SLEIMOOL [HOde, BOOL ode)

e m-u-nu

mARX <
T (matma ok <o 0)

*T00 mary diffecent stress):
pexcsite = firscaice;

sitensme o NOLL,

writeamly = Wmode;

reaganly

» tnode;
Firataite s tnler

sic

Fite(vasa)
1t [sfcename te MULL] RILAEK(sitwnamel;
12 tnextsice 1v MULL}
delece nexteite:
)
11 detine aite Dame
77 0t Desda T be flxed To Make Tite names consistent

vela cbars

1t (eicenane == NOLL)
CETCOPY (sitename, Bitensmwnty)s

- Localite code -
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sitelopp

.site.epp

17 conateuctor
:-Aenctesite(void)

Reantesic

Local Site: 1 LocASI LA (CONAT CTAT® Dame, BOOL fmcde, 300L wmode, AOOL cmode)
: Site(reode. wmode) it Onlname e MILL) RELMEN{In}naze) ;
CDar pathi_KAX_PATH .
Char BrredT T BRIVE 14 open jourmal file
char |
ehar FILE* Remocesite: :apenjournalconst chare subdir, comst char® mode)
evar H
crar i (l:rnv(lnlnmm RPN ]

node) 1

Crr rRault XALPATY « 1415
retum st

upITeDir 1 “omodes aze ‘v's ratumm stoput:
rootnane = NULL: detault: FAILORI
GETCOPY§ rootoame, nam B i
ol path(pach, are. st patni: )
wubir « BuBAL;  // PTWVeRt WAPAINS ADOUC AuDALE not uked

ap)itpatn(path, drive, dir, f3ie, wxt))
getlavel (drive, label, mizeof label
_maxepathipatn, NLL, @it file, exi
speinee (result, 3%, label, pathl:
setaitenane result
! 14 Revctesice: 1 e tilefcanst chare subdig, €omsc ChAT® Beewage, COGEET ©

hare butf)

retumn topentyalnane, motiel s

74 complain about contents of yourmal file

¢ descructor

Localsites i-Localsitalvotd) coost chars pathnane;
t

ACLNEH | rootname} ; it {acrenpiyntoane, ==*) 12 0)
tomare < (Réanard oput] o

|
-lu

= jninase;

¢ open jourml file A
Waro nisensage (-be ba 83 Ls, pathnane. subdir. Re00a00. ity

FILE® LocalSite::openjournal {CORst chare mubdir, const char® mode|

FILT josraalfile;

const chare pathaane i1, aubdir. JOURNALFILE!:

Soumaitile o fopen(pathoar
RExn et
n youznaitile:

)
14 complain abaut conteata et journal file

void LocalSite::complalnaboutjournaltile(const crars aubdiy, const char® message, COASC ch

art putt)
t

cocat chare pathoane s GETPATNNARE (getroatnare (i, subdir, JOURRALFILE}:

Va: W4Co°. pachnase, mesnage, butf))

warni nunessagel
ALLAEH (patiinaze) ;

- Maccesite code

7

Reaoces|te: (Rumstes)te(coast char® name, BOOL frode, BOOL wode)
+ Site(tmode, wuode)
t

Ihloane » NULLY
GETCOFY Inliame, 1hame) |

Aimestopopp”

i fimestmp.epp.. -

IR T LR LT LRI BT F 0820008 14104102000
/ 1"

77 timestep.cpo - tixe stanpiod and copparison i
”" 7
77 Detipws class Timestama. i

- 77
e

74 +sssunus includes

ninclude scime.bs o)
Fatalkensage{-Unable Co conpuce cime*l;

s1oclude reconcil.be raturn £;

sinclude Scimestmo. bt

VEARTEART 19n5 17 ust 3edagit ouaner

*def ine OECALE 4O
atacle BOOL Get3digica(uoalaned char Svalus, comer char *hutf)
I wesssnes Qlovals - A (Tbaft < 00 It SmEE » 90 [} S(Buft + 1) < (O (] S(butt + 1] ¥ ’9)
Tecutn FALSE
Tamescanp now; 17 time of this progran fun wealum w ((UHULE = 10T} % 10 = (*(butf + 1) - 031
Tecurn MUE
)
"~ - Tinestann cods

/7 gee date trow bufter

14 create nav Lizestam
BOOL THReStARD:1pATBUdATS{cOCAT CHAT® Butf)

Timestarp. Tineszamp |void]
t unsigned char century, year, monch, days

ceset ()
' . hitle (SBUTE we o} Buttesi|
i1 (gemadiolta tiyeur, ot 5 0) 4L <(BUTE o 3 = L7
11 tero Time stama £ getidigite (tmamth, Dutt + 3) && *(DUFT + 5] ms 7/7
et e R R S N
vold Timescang: s reset(vora) YEu (year + 100 ~ DICADE) % 100s
! ¥o x

% 1/ out of range which 38 1..11 ™yt TROL;
17 out ot range snich is 1.1 )
it (gecadigscs ticentury, butt)
& gecadlgitatiyear, DEE - 2) &6 CIhGtt o 4) =
4& gecaaigicstimonth, Bult + 3) &6 *{buf? + 7} W)
44 gueddiolentiday, butt = 8) £ Siputf v 10) me 1\07) (€
= year « cemcury * 100 - YEARSTART

va = mrch;

ay » day:

setumn RO,

£3728%
...;..

7/ convert aystem tiEe to a TimSTamp

veid axp. -t
1

'
serss e vt lotaicine (deyatentine): return FALSE;

14 get time from butfer

BOOL TimeStamp::parsecimsicenst chatt burf)

w1 tur hour, min. e
it (oetaigite(snovr, butt « DI &% *(buft + ) =x *
1gtee(tain, Tuff « 3) &k *(DUFf o 5) we
33 getzdigits{snac, butt « 6) &2 *(Dutf + 8) =e A0°} (
naury
an = atn;

71 convers a TimeStanp Ta systen Ting

Eine_t Maestann: gestinatvordy
¢

-39~
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timestmp.cpp

1
recura PALSE: : // to newd to continue
revyrn ot
1
77 put separatar and two digits Into butfec
4 tuture time stanp y
atatic vaid puddigizafchars Burf, tuc val)
VOId TINGSTAMPs1gatpant (cONBL LNt manthas
‘ f

Barfi0l a fvat ¢ 10) ~ ‘0%

buttil] @ fval 4 10) « '€ yr =
ra
i1
/1 tommat date
char* Timestanp: (anowdacetvoid) )
1 &
atatic char buff(311s Beox
Char *bp = butt; " »
=
1t tyr 7200 1= 0) { )
Pucdizita(bp, {yr + YEARSTART) / 1CC1:
y N
PUSZAIGIEA bR + D, (yr + YEARSTART} & 001:
LRGN
puc2digite(bp + 1, mo);
BpIS] 3 f';
PUL2MiGITIIRR + 6, Ey):
bpl8) = A0+
return butt: -

7 tormac cime
chart Timystanpi ienoutine valds

atatic char Darf(9l;

putagigitalnutt » 0, hr):
3

putadigiteibutt + &, ¥e):
butt(a )
return butt)

|

14 compare two tivestanps
10t Comparelines (CORST TimeSTampd tel, coust TameStamp £32]
¢

ine s
1t (te = tal.yr - cad.yr) ve O
7t 10 wed to continue
alue 1t (lc = tel.mo - Ca2.mO) 'm Of
/4 o need to contioue
el af Ile = tal.dy - taZ-dy} ‘e 0)
oo €5 contanue
«lse 3t [(c = C1.bT - TaZ.hr} 0x O
11 0o pewd 10 continve

-40-
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Having above indicated a preferred embodiment of the
present invention, it will occur to those skilled in the art that
modifications and alternatives can be practiced within the
spirit of the invention. It is accordingly intended to define
the scope of the invention only as indicated in the following
claims.

What is claimed is:

1. In a computer system not utilizing a global database,
but rather utilizing a collection of local databases, none of
which serve as a central collection point, in which files are
stored and modified at memory devices at multiple loca-
tions, apparatus for permitting the creation of new versions
of a file at one location without knowledge of whether
conflicting versions are created at another location, com-
prising:

a portable memory device transportable between loca-

tions on which a file version is stored; and,

means for safely permitting reconciling different versions

of a file transported from location to location on said
portable memory device, said reconciling means
including

means at first and second locations for generating a log

entry at its respective location, each of said log entries
including a time stamp for the version of said file on
said portable memory device at said location, said
timestamp serving as a unique identifier regardiess of
the time indicated thereby, thus to create a history of
version creation and modification for said file at said
first and second locations;

10

20

25

44

means at said first location for entering said log entry into
said portable memory device;

means at said second location for reading out the log entry
on said portable memory device and for combining the
log entry from said portable memory device and a log
entry at said second location so as to compare both
modified versions and respective timestamps to inden-
tify missing entries or confliction updates represented
by different timestamps and thus the existence of
different versions of said file;

means at said second location and upon said identification
of different versions of said file for determining actions
necessary to synchronize said different versions; and,

means at said second location for determining if such
synchronizing action would result in loss of informa-
tion, whereby combination of all versions of said file
may be safely accomplished at said second location.

2. The apparatus of claim 1, and further including means
for performing the determined synchronizing actions by
copying or deleting files.

3. The apparatus of claim 2, and further including means
for notifying the user if said synchronizing actions would
result in loss of information.

4. The apparatus of claim 1, and further including means
for purging obsolete log entries by purging a first entry if
there exists a subsequent entry for the same file and if that
subsequent entry is available at all other locations.
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