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ABSTRACT 

An information management system includes an indexing 
subsystem and a document management subsystem. The 
system layers an object-oriented architecture over a rela 
tional database to manage folders and ?les from a variety of 
?le systems. Managed ?les are incrementally indexed by the 
indexing subsystem and can be retrieved by a user by 
knowing content of a managed ?le. Folders and documents 
are also logically organized for presentation to the user. 
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COMPUTING SYSTEM FOR INFORMATION 
MANAGEMENT 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/017,450 ?led May 17, 1996, the contents 
of Which are incorporated herein by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] In a typical computer, a ?le system manages data 
stored on a disk. The data is logically stored in ?les, Which 
are linked lists of physical data records on the disk. Files, in 
turn, are logically stored in a hierarchical directory or folder 
structure. A ?le allocation table is used by the computer to 
manage the relationship betWeen these logical constructs 
and the physical records stored on the disk. 

[0003] Typically, for a user to access a ?le, the user must 
knoW the name of the ?le and Which folder the ?le is stored 
in. File names, hoWever, are often cryptic or otherWise not 
easily remembered. For that reason, search engines exist to 
facilitate locating a ?le containing a speci?ed search string. 
These search engines typically perform a ?le-by-?le search 
of the ?le system. Such a brute force method of locating a 
?le can take a considerable amount of time if the ?le system 
is large. 

[0004] Once a ?le is found, the correct application must be 
launched to vieW the ?le contents. The vieWing application 
is typically dependent on the ?le extension being associated 
With a compatible application at the time of ?le creation. 
This association is typically a one-to-one relationship Where 
all ?les of a particular ?le extension are associated With one 
speci?c application. 

SUMMARY OF THE INVENTION 

[0005] In accordance With a preferred embodiment of the 
invention, a personal desktop information management tool 
is combined With advanced information search and retrieval 
With object-based ?le management. Apreferred embodiment 
of the invention also provides universal vieWing of any ?le 
Without the application that created that ?le. In addition, a 
preferred embodiment of the invention provides indexed 
searching. A relational database stores additional informa 
tion about the ?les. 

[0006] In accordance With the preferred embodiment of 
the invention, a computing system manages a plurality of 
?les from a ?le system. The computing system includes a 
database for storing attributes of the managed ?les and an 
object-oriented manager coupled to the database. The man 
ager preferably affects changes to a managed ?le by modi 
fying the stored attributes in the database. The database is 
preferably a relational database. 

[0007] The manager preferably includes a plurality of 
instantiated base objects. The relationships betWeen the base 
objects are de?ned by information stored in the database. 
Preferably, the base objects represent a subsection of a 
plurality of ?les. 

[0008] In the computing system, a manager preferably 
supports recursive processing. The stored attributes can 
include an ordered sequence betWeen a plurality of sibling 
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?les. The computing system can further comprise an indexer 
for maintaining an index of all managed ?les and a general 
purpose ?le vieWer for displaying content of a ?le created by 
an external complication. 

[0009] The above and other features of the invention, 
including various novel details of construction and combi 
nation of parts Will noW be more particularly described With 
the reference to the accompanying draWings and pointed out 
in the claims. It Will be understood that the particular 
computing system for information management embodying 
the invention is shoWn by Way of illustration only and not as 
a limitation of the invention. The principles and features of 
this invention may be embodied in varied and numerous 
embodiments Without departing from the scope of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWING 

[0010] FIG. 1 is a schematic block diagram of a preferred 
computing system for information management embodying 
the invention. 

[0011] FIG. 2 is a schematic block diagram of a preferred 
indexing subsystem of FIG. 1. 

[0012] FIG. 3 is a ?oWchart of the Watchdog object of 
FIG. 2. 

[0013] FIG. 4 is a ?oWchart of a preferred Work queue 
object of FIG. 2. 

[0014] FIG. 5 is a ?oWchart of a preferred bulk ?le creator 
object of FIG. 2. 

[0015] FIG. 6 is a ?oWchart of a preferred document 
collection object of FIG. 2. 

[0016] FIG. 7 is a schematic block diagram of a preferred 
document management subsystem of FIG. 1. 

[0017] FIG. 8 is a schematic diagram of a preferred 
container of FIG. 7. 

[0018] FIG. 9 is a schematic block diagram of an ODBC 
database objects and their interaction With containers. 

[0019] FIG. 10 is a schematic diagram of a preferred 
parent-child database table in accordance With the invention. 

[0020] FIG. 11 is a schematic diagram of a preferred 
parent-child database table for old versions of objects in the 
system. 

[0021] FIG. 12 is a schematic diagram of a preferred 
check out database table in accordance With the invention. 

[0022] FIG. 13 is a schematic diagram of a preferred 
current metadata database table in accordance With the 
invention. 

[0023] FIG. 14 is a schematic diagram of a preferred 
database table for old metadata in accordance With the 
invention. 

[0024] FIG. 15 is a schematic diagram of a preferred 
database table for mapping metadata to column names. 

[0025] FIG. 16 is a schematic diagram of a preferred 
object type database table in accordance With the invention. 
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[0026] FIG. 17 is a ?owchart illustrating the creation of a 
document in accordance With the preferred embodiment of 
the invention. 

[0027] FIGS. 18A-18B is a ?oWchart illustrating the steps 
for accessing a container object in accordance With the 
preferred embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0028] FIG. 1 is a schematic block diagram of a preferred 
computing system for information management embodying 
the invention. An information management system 2 inter 
faces With a ?le system 4 and a main user interface 5. The 
?le system 4 can be a local ?le system on a user’s local disk, 
or a remote ?le system on a local area netWork (LAN), 
intranet or internet source. The information management 
system 2 includes an indexing subsystem 1 and a document 
management subsystem 6. 

[0029] In a preferred embodiment of the invention, the 
information management system 2 is a softWare program 
executing on a desktop or laptop personal computer, server 
computer, or other suitable computing platforms. The infor 
mation management system 2 is preferably embedded in a 
computer-readable medium, such as a CD-ROM, diskette, 
hard disk, or another distribution medium. A particular 
preferred embodiment of the invention is commercially 
available as Softscape Explorer Plus, Version 1.02, from 
Softscape Incorporation of Acton, Mass. 

Indexing Subsystem 

[0030] For the information management system 2 to Work 
ef?ciently, the indexing subsystem 1 maintains an index list 
of all managed ?les, directories and sites. The indexing 
subsystem 1 preferably performs incremental updates to the 
index list to increase the system response time to neW or 
modi?ed data. 

[0031] FIG. 2 is a schematic block diagram of a preferred 
indexing subsystem 1 of FIG. 1. As illustrated, the indexing 
subsystem 1 includes an indexing interface 15 for receiving 
commands from the main user interface 5 and from external 
application programs 8. The indexing subsystem 1 includes 
a programmable timer 12, a directory list controller 10, a 
Watchdog 20, a Work queue 30, a bulk ?le creator 40 having 
an associated ?le compare engine 47, a document collector 
50 and an index database 58. These various functions 
communicate With each other and the, ?le system 4 as 
illustrated. Each architectural component is preferably 
implemented as a global object that persistently exist While 
the subsystem is running. 

[0032] The directory list controller 10 is an object that 
manages a list of folders, drives, sites, and ?les that require 
indexing. The Watchdog 20 is responsible for determining 
When ?les have been renamed, moved, modi?ed, deleted, or 
created. For each of the items managed by the directory list 
controller 10, the Watchdog 20 is noti?ed of changes imme 
diately as they occur, or after a user-de?ned scheduled time 
period provided by the timer 12. 

[0033] The directory list controller 10 ensures that no tWo 
threads access the directory list at the same time, and that the 
index list does not have tWo directories that overlap. The 
directory list controller 10 uses a binary data ?le to store the 
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information it needs to build an in-memory linked list of 
places that are indexed. The information managed and 
maintained by the directory list controller 10 is used by the 
Watchdog 20 to knoW Which directories or sites need to be 
Watched. 

[0034] Speci?cally, the Watchdog object 20 sets up a 
plurality of Watcher threads 25a, . . . , 25m based on the 

information in the directory list. For example, one of the 
nodes of the list represents a ?le system on the netWork n: 
drive that is being monitored continuously, and that Was last 
indexed yesterday at 2:00. Another node may represent a 
File Transfer Protocol (FTP) site that is checked every 45 
minutes for changes and updates. For each location (e.g., 
directory or site), a respective thread is established With 
location-speci?c execution requirements. 

[0035] FIG. 3 is a ?oWchart of a preferred Watchdog 
object 20 of FIG. 2. At step 205, the Watchdog loads a list 
of directories to be Watched from the directory list controller 
14. At step 210, the Watchdog 20 creates a Watcher thread 25 
for each Watched directory. 

[0036] At step 250, a Watcher thread 25 is activated by a 
trigger, such as a change in the Watched directory or a 
periodic timer. When the thread 25 is triggered, it Will Wake 
up to process the Watched directory. At step 255, a delay 
timer is initialiZed. At step 260, the type of change to the 
directory is determined. At step 265, if there has been a 
change then the delay timer is reset at step 270 and a 
thread-local task list entry 29 (FIG. 2) is created at step 275. 
If there has been no change at step 265, processing jumps to 
step 280. 

[0037] At step 280, the Watcher thread 25 determines 
Whether a preselected delay period of preferably tWo sec 
onds has been completed. If not, then processing is sus 
pended until a Wake up is received at step 285. After the 
Wake-up, processing continues to step 260 to complete a 
processing loop. This processing loop alloWs the Watcher 
thread 25 to recogniZe When the ?le system has not changed 
for a speci?c period of time. Once it is determined that the 
?le system is unchanged, processing continues to step 290 
Where the object creates a Work task to be placed on the Work 
queue. 

[0038] In summary, When the Watcher thread 25 recog 
niZes that something has changed, a task is entered into the 
Work queue 30 at step 290. When the bulk ?le creator 40 
Writes bulk ?les, it pulls tasks from the Work queue 30. 
During this time, the Watcher thread 25 stops Waiting and 
restarts. 

[0039] The Watchdog class 20 thus manages scheduled 
directory checks using a WindoWs timer 12 and Watcher 
threads 25 to perform processing at speci?c time periods. 
When indexing is required, a Work task is added to the Work 
queue 30 and the bulk ?le creator 40 is noti?ed to check the 
Work queue. 

[0040] Returning to FIG. 2, the Work queue 30 is a 
persistent queue for managing Work task 39. This compo 
nent class is capable of managing an in?nite number of types 
of Work tasks. When the Watchdog 20 determines that a 
subset of ?les in the ?le system 4 needs to be reindexed, it 
places a Work task on the Work queue 30 for the bulk ?le 
creator 40 to process. Other objects in the system can also 
query the queue 30 for Work. If the queue 30 includes a Work 
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request that the calling class can process it Will pass the task 
to the calling class so the task can be removed from the 
queue. The Work queue 30 is fault tolerant, such that if the 
system fails tasks in the queue are not lost and can be 
processed When the system returns on-line. 

[0041] FIG. 4 is a ?oWchart of a preferred Work queue 
object 30 of FIG. 2. The Work queue object 30 maintains 
records of Work to be processed, and the type of task Work. 
This global object is called by the Watchdog 20, bulk ?le 
creator 40, and the document collector 50 to add Work tasks 
and remove Work tasks. It maintains any number of types of 
Work tasks—tasks for the bulk ?le creator 40 and task for the 
document collector 50. The Work tasks maintained are 
extensible, such that future components leverage the Work 
queue to manage tasks that need to be processed. The Work 
queue object 30 uses ?le system ?les 34 for each of the tasks 
so that after a system shut doWn, this task list 34 is 
maintained and persistent. Other classes in the system query 
the Work queue to see if there is any Work available in it, or 
to take a process task off the queue. 

[0042] At step 305, a persistent task list 34 is loaded into 
a thread-safe linked list (task queue) 39 in memory. At step 
310, the Work queue Waits for an event to trigger a response, 
Which can be an add 312, a request for Work 314, or a 
remove event 316. 

[0043] In the case of an add event 312, processing jumps 
to step 320 Where the Work queue is locked. At step 325, an 
identi?er is assigned to the task to be added. At step 330, the 
task is added to the persistent list 34. At step 335, the task 
is added to the in-memory linked list 39. At step 340, the 
queue is unlocked. Processing then returns to step 310 to 
Wait for the next event. 

[0044] In the case of a request for Work 314, processing 
jumps to step 350 Where the Work queue object 30 receives 
from a requestor a requested task type and any tasks to be 
skipped. At step 355, the linked list 39 is searched for a task 
Which meets the requested criteria. At step 360, the next task 
matching the requested criteria from the linked list 39 is 
returned to the requestor. Processing then returns to step 310 
to Wait for the next event. 

[0045] In the case of a remove event 316, processing 
jumps to step 370 Where the Work queue is locked. At step 
375, a task identi?er is received from the requestor. At step 
380, the task having the requested task identi?er is removed 
from the persistent list 34. At step 385, the task is also 
removed from the in-memory linked list 39. At step 390, the 
queue is unlocked. Processing then returns to step 310 to 
Wait for the next event. 

[0046] Returning to FIG. 2, the bulk ?le creator 40 
processes tasks by creating a bulk ?le 44. A bulk ?le 44 is 
a tagged text ?le used by the document collector 50 to 
determine Which ?les to delete, add or update in the indexes 
58. The bulk ?les 44 are also used to provide for fault 
tolerant processing—if the system fails, the bulk ?les are 
still available from disk 4 to resume indexing at the point 
during the ?le processing Where the crash occurred. 

[0047] The ?le compare engine 47 is used by the bulk ?le 
creator 40 to determine What ?les have been added, 
removed, or changed. This engine determines the difference 
betWeen tWo ASCII ?les (a left-side ?le 49L, and a right-side 
?le 49R) by comparing them line-by-line. Using a callback 
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function, the bulk ?le creator 40 is noti?ed regarding the 
lines that are the same in both ?les, and the lines that only 
exist in only one of the ?les. The input ?les used are 
preferably encrypted directory lists of all the ?les in a 
particular ?le system directory or site. 

[0048] FIG. 5 is a ?oWchart of a preferred bulk ?le creator 
object 40 of FIG. 2. The bulk ?le creator 40 is a class Which 
comprises a part of the infrastructure that alloWs incremental 
indexing by indexing only ?les that have been added or 
removed. This provides for an ef?cient method of ?le 
indexing, as opposed to indexing an entire directory. For 
example, if there Were 10,000 ?les in an index, and one is 
deleted or added, only the incremental changes are applied 
to that one ?le—rather than having to rebuild the entire 
index. 

[0049] The bulk ?le creator 40 receives noti?cation of 
Work tasks from the Work queue 30 at step 405. This 
noti?cation indicates that a directory requires indexing and 
the type of directory (e.g., FTP, e-mail, netWork, ?le sys 
tem). At step 410, the bulk ?le creator 40 receives a Work 
task. At step 415, the Work task is checked for a directory 
path. At step 420, the task type is checked. The task type can 
either be to add a directory 422, remove a directory 424, or 
update a directory 426. 

[0050] Brie?y, a control ?le is created as an encrypted list 
of all the ?les and their last modi?cation dates in the 
directory and subdirectories. This neW control ?le is com 
pared With an old control ?le using the ?le compare engine 
47. The result of the comparison is used to create a bulk ?le 
44. 

[0051] In the case of an add directory task 422, processing 
continues to step 430 Where a neW control ?le is created. At 
step 435, the neW control ?le is copied to the right-side ?le 
49R. At step 437, the left-side ?le 49L is blanked. Processing 
then continues to step 470. 

[0052] In the case of a remove directory task 424, pro 
cessing continues to step 440. At step 440, the last created 
control ?le is copied to the left-side ?le 49L. At step 442, the 
right-side ?le 49R is blanked. Processing then continues to 
step 470. 

[0053] In the case of an update directory task 426, pro 
cessing continues to step 450. At step 450, the current 
control ?le is copied to the left-side ?le 49L. At step 455, a 
neW control ?le is created. At step 460, the neW control ?le 
is copied to the right-side ?le 49R. Processing then contin 
ues to step 470. 

[0054] At step 470, the ?le compare engine 47 is called to 
compare the left-side ?le 49L and the right-side ?le 49R 
line-by-line. The ?le compare engine 47 is preferably a call 
back function of the bulk ?le creator 40. When the bulk ?le 
creator 40 processes a ?le comparison, it calls a function in 
the ?le compare engine 47 and passes a pointer to this call 
back. The call back is called once for every ?le that the ?le 
compare engine 47 determines has been deleted, modi?ed or 
added. 

[0055] The ?le compare engine 47 is preferably imple 
mented as a dynamic link library (DLL) With an export 
method. This class is passed the names of the tWo ?les to 
compare and a call back function to call for each line of the 
?les analyZed. 














