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[57] ABSTRACT

A document indexing method and apparatus facilitates
access to sequentially stored documents in a word pro-
cessing system. The invention uses random access mem-
ory in the word processor to build a page index when
the sequential data stream is first processed. The page
index is then available so that subsequent access to pre-
viously processed pages is faster than conventional
sequential access. The page index has associated with it
an offset index having pointers to the actual entries in
the page index. If the page index proves too small to
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PAGE INDEXING SYSTEM FOR ACCESSING
SEQUENTIALLY STORED DATA REPRESENTING
A MULTI-PAGE DOCUMENT

2

subsequent access to previously processed pages is
faster than conventional sequential access.

After initial processing, the page index contains
entries for each page processed, with each entry giving

3 the record number on the diskette where the page starts
TECHNICAL FIELD along with all formatting information necessary to dis-
The invention pertains to a document indexing play the page. The page index has associated with it an
method and apparatus used to expedite access to se- offset index which is organized by page number and
quentially stored documents, for example, in a word 1o Which contains pointers to the actual entries in the page
processing system. index. The page numbers are not stored in the offset
BACKGROUND ART index but a given page number yields an increment into
In the field of word processing, certain data stream the of_"fset index which, in turn, yields a pointer to the
conventions have been devised to facilitate various  PAag¢ index. .
editing, display, printing, or cofimunication functions 15 In th.e preferred embodiment, only a small amount of
performed by a word processing station. Among the  RAM is used to store the page index allowing only a
many conventions adopted in the history are revisable  small fixed number of locations and formats of pages to
data streams and printable data streams. be included in the page index. If the page index proves
Revisable data streams are stored, for example on a too small to store an index entry for every single page of
magnetic diskette, in such a way that they may be ran- 20 a document, the offset index is reorganized to point to
domly accessed by page name or number for ease in every other entry in the page index.
editing and for processing portions of the document. By this method, alternating entries in the page index
This random accessing requires certain types of infor-  re retained, and all remaining entries of the page index
mation to be available for each document page includ- 10 freed for re-use. This procedure effectively doubles
ing the location of the boundaries between the pages on 25 the span of pages covered by the page index by elimi-
the diskette and the format of the page (e.g., tabs, fonts, . . . .
and indents). The locations of the boundaries between nfitm.g even numbcreq index entries during each reorga-
the pages are typically stored on the diskette in a dedi- nization of the o ffs.e t index. .
cated area called the named record index while the The reorganization of the offset index may be re-
30 peated as many times as necessary to allow a sequen-

format is stored at the top of each page.

Printable data streams were devised to allow less
complex output functions, including printing and com-
munication, without the burdensome function of edit-
ing. Printable data streams are stored on a diskette se-

quentially without the aforementioned two types of 35

information. To find a given page within the printable
data stream, the stream must be read sequentially from
the start of the document keeping track of page bound-
aries and of the page format information as it changes.

Heretofore, if a user wished to browse a printable
data stream, for example to check the integrity of a
document received over communication lines, they
were left with two choices. A user could convert the
printable data stream into a revisable data stream and

40

tially stored document of arbitrary length to be indexed
by the fixed length page index.

When accessing a page of a previously processed
sequentially stored document, the offset index is
checked to determine if the requested page has a corre-
sponding entry in the page index. If the requested page
has an entry in the page index, the diskette location and
format are taken from the page index and used to fetch
and display the requested page. If the requested page
does not have a corresponding entry in the page index,
the diskette location and format of the next lower num-
bered page found in the page index is taken and used as
a starting point to sequentially search the stored docu-
ment for the requested page. The requested page is then

then browse using a random access method, or a user 45 : :
could sequentially browse the printable data stream.  fetched from the diskette and displayed. o
The former method requires a time consuming conver- The invention therefore allows fast access to individ-
sion and may require the storage of two data streams for  ual pages of a sequentially stored document of arbitrary
a single document. The latter method requires a docu- length by using a fixed amount of RAM as a page index.
ment to be scanned from the beginning each time a new 50 The sequentially stored documents are uniformly cov-
document page is accessed. ered up to the highest page of the document by the
The time delays and inefficient storage allocation RAM page index to provide fast access to any page of
associated with document conversion and with sequen- the document.
tia] scanning become significant when the document is When a requested page has no corresponding entry in
long, such as a report or legal brief. It is therefore desir- 55 (he page index, the invention automatically finds the
a_ble to expedite the access of specific pages of a sequen- next lower numbered page that has an entry in the page
tially stored .document without substantially increasing index and sequentially searches the document for the
storage requirements. requested page starting the search from that next lower
SUMMARY OF INVENTION 60 numbered page. This results in mucl} faster page access
The invention as herein described and claimed solves than would be posstble. b’f sequentu}lly searching th_e
the aforementioned problems by reducing the time for document from the beginning each time a new page is
accessing single pages in documents sequentially stored, ~ accessed. )
for example, on a magnetic diskette, without the storage The foregoing and other features, objects, and advan-
of two data streams. The preferred embodiment uses 65 tages of the invention will be apparent to one skilled in

random access memory (RAM) in the word processor
to build a page index when the sequential data stream is
first processed. This page index is then available so that

the art from the following more particular description
of the preferred embodiment of the invention, as illus-
trated in the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of the functional units of a
word processing system which relate to the present
invention.

FIG. 2 is a block diagram of the functional units of
the print image document browse control, random ac-
cess memory, operator utility control, and the storage,
display, and keyboard access methods of FIG. 1.

FIG. 3 is a flow chart of the logic of the page locate-
/add subroutine.

FIG. 4 is a flow chart of the logic of the offset index
reorganization subroutine.

FIG. 5 is a schematic representation of a seven loca-
tion offset index with a corresponding page index.
FIGS. 5a, b and ¢ show the indexes before reorgani-
zation, after one reorganization and after two reorgani-
zations, respectively.

DESCRIPTION OF THE INVENTION

Referring to FIG. 1, various functional components
of a word processing system are shown which allow
sequential data stored on data diskette device 11 to be
randomly accessed. The single line arrows represent the
flow of data and the double line arrows represent the
flow of control and data. The components include, a
random access memory (RAM) 12, print image docu-
ment browse control 13, operator utility control 14,
document converter 16, as well as storage access
method 17, keyboard access method 18, and display
access method 19. Several peripheral devices are also
shown including keyboard 21, data diskette device 11,
and display device 22. In addition, a communications
controller 23 is provided which interfaces with storage
access method 17 and communications access method
24. A communications device 26 interfaces with com-
munications access method 24. Communications device
26 can be a printer or a modulator-demodulator, or
other communicator.

RAM 12 contains an offset index 34, page index 36,
shift factor location 37, RAM page buffer 31, and RAM
input buffer 29 (all shown in FIG. 2). As shown in FIG.
1, RAM 12 interfaces with communications access
method 24, document converter 16, display access
method 19, storage access method 17 and print image
document browse control 13.

Document converter 16 provides an interface be-
tween a component using a printable data stream and a
component using a revisable data stream. For example,
if a page coded as a printable data stream is stored on
"data diskette device 11, the page must be converted to a
revisable data stream before being displayed by display
device 22. Converter 16 performs the conversion of the
printable data stream to a revisable data stream by scan-
ning the sequential printable data for page boundaries
and for format information. Converter 16 then restruc-
tures the sequential data into page oriented data with
each page location identified along with format infor-
mation needed to display each page.

For displaying sequentially stored data, this conver-
sion is begun by storage access method 17 transferring
sequential data from diskette device 11 to RAM input
buffer 29 (FIG. 2). Document converter 16 then con-
verts the data in RAM input buffer 29 from a printable
data stream to a revisable data stream, and stores the
revisable data in RAM page buffer 31. From page buffer
31, the revisable data stream passes to page buffer man-
ager 32 within print image browse control 13. The re-
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visable data stream then passes from page buffer man-
ager 32 to display access method 19 and onto display 22
for operator viewing.

Storage access method 17 is a collection of programs
which interface various components of the system with
the data diskette device. Whenever, in the process of
acquiring an input data stream, converter 16 makes a
request, storage access method 17 requests the data
from the diskette and transfers the data to RAM input
buffer 29 in RAM 12 (FIG. 2). The input data can then
be accessed for processing by converter 16.

The keyboard access method 18 is a collection of
programs which interface various components of the
system with keyboard device 21. The system operator
keys the primary input into the system through key-
board 21. Keyboard 21 has indirect control of the dis-
play process through the keyboard control procedures
33 (FIG. 2) within browse control 13. Keyboard con-
trol procedures 33 control the access and display of
requested pages entered by the operator through key-
board 21. Once the operator requests a page, control is
taken by keyboard control procedures 33 and no further
operator input is required for display of the requested
page.

Keyboard 21 also interfaces with operator utility
control 14 which is activated whenever an operator
initially requests the display of a sequentially stored
document. Detailed operation of operator utility con-
trol 14 and keyboard control procedures 33 will be
discussed below.

The communications access method 24 is a set of
programs which interface to communication device 26.
Communications access method 24 takes data from
communications device 26, places it in RAM 12 and
moves it to diskette device 11 through storage access
method 17 under control of communications controller
23. Communications access method 24 also moves data
from the system to communications device 26 for print-
ing or for transmission.

Display access method 19 is a set of programs which
interface to display device 22. Data is taken from RAM
page buffer 31 by page buffer manager 32 (both shown
in FIG. 2) and transferred to display access method 19
for operator viewing on display device 22.

It is print image document browse control 13 which
implements the solution of the present invention. Refer-
ring to FIG. 2, the operator of the system requests the
display of a sequentially stored document by entering
the request on keyboard 21 which is transferred to oper-
ator utility control 14.

Operator utility control 14 contains a set of programs
which interface keyboard access method 18 with initial-
ization procedures 38. Upon the transfer of a request for
a new document from keyboard access method 18,
operator utility control 14 indicates to initialization
procedures 38 that a sequentially stored document is
being accessed. Initialization procedures 38 contains
programs that set various initial conditions throughout
the system in preparation for browsing a sequentially
stored document. These initial conditions include clear-
ing indexes 34, 36 and shift factor location 37, through
index manager 39, and initializing keyboard control
procedures 33.

Keyboard control procedures 33 are a set of pro-
grams that accept control from keyboard access method
18 to control the browse of a sequentially stored docu-
ment for a requested page. Once control is taken by
keyboard control procedures 33 from keyboard access

Amazon / Zentian Limited
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method 18, no further input is required from the system
operator to display the required page.

After receiving a request for a sequential document
from keyboard access method 18, control procedures 33

6
entry in offset index 34 points to the entry in page index
36 that contains the diskette location and format infor-
mation for the requested page. From block 48, control is
returned to a higher level process, (not shown) by block

causes the first page of the requested document to be 5 52.

fetched from diskette device 11 by storage access If decision block 47 determines that the requested
method 17 transferring control through page buffer page number is greater than the highest page number
manager 32 and document converter 16. presently stored in offset index 34, function block §1

The first page of the sequential document is con- concludes that the requested page is not in offset index
verted from a printable data stream to a revisable data 10 34 but that it is eligible to be placed in index 34. Also,
stream by converter 16 using buffers 31 and 29 as de- block 51 concludes that variable I represents the rela-
scribed above. The first page is then displayed on dis- tive offset into offset index 34 to find an entry which
play device 22 and the diskette location and format of  points to the storage location in page index 36 for stor-
the first page is stored in the first position of page index ing the diskette location and format information of the
36 by index manager 39. At the same time, the first entry 15 requested page. From block 51, control is returned to a
of offset index 34 is set by index manager 39 to point to higher level process (not shown) by block 52.
the first entry of page index 36. As mentioned above, function block 49 concludes

After the document is requested and the first page is that a reorganization of offset index 34 is required. Re-
displayed, keyboard control procedures 33 await fur- organization is necessary when offset index 34 is full
ther operator requests for the display of other pages 20 before a selected document has been completely in-
within the selected document. When other pages are dexed.
requested for display, control procedures 33 transfer The reorganization subroutine is shown in FIG. 4 and
control to index manager 39 to determine if the re- can be understood with reference to FIGS. 2 and 4.
quested page is in the page index and to determine if the When the reorganization subroutine is initiated, func-
requested page can be added to the page index. 25 tion block 53 initializes several variables used within the

The routine performed by index manager 39 each subroutine. Variables K and J are set to the values 2 and
time a new page is requested is shown in flow chart 3 respectively, and variable N is set to the number of
form in FIG. 3. storage locations in offset index 34.

Referring to FIGS. 2 and 3, function block 41 sets Control is then transferred to function block 54
variable 1 to the number of the requested page minus 30 where the K entry and the J* entry of offset index 34
one. Function block 42 shifts the binary value of vari- are exchanged. For the first pass through the loop in the
able 1 to the right by the current value of shift factor reorganization subroutine, the second and third entries
obtained from shift factor index 37. Shifting the binary are exchanged.
value of a decimal number to the right one space is Control is then transferred to function block 56
equivalent to dividing the decimal number by two. The 35 where variable K is incremented by one and variable J
shift factor is initially the value zero, and is incremented is incremented by two. For the first pass through the
by one each time offset index 34 is reorganized. The loop, block 56 sets variables K and J to the values 3 and
reorganization of offset index 34 is the subject of FIG. 4 5 respectively. Decision block 57 then checks if variable
and is discussed below. J is greater than or equal to variable N. If not, control is

Decision block 43 checks if there has been a carry-out 40 returned to function block 54 for offset index entry
during the shift or shifts performed in function block 42. exchange.
If a carry-out has occurred, then in function block 44, The subroutine loop is followed until decision block
the requested page is concluded not to be in the page 57 determines that the end of offset index 34 has been
index, and the requested page is concluded to be ineligi- reached. This is evidenced by variable J being greater
ble to be added to page index 34. In addition, the shifted 45 than or equal to variable N. When the end of offset 34
value 1 provides an increment into offset index 34 has been reached, the shift factor is incremented by one
which, in turn, points to an entry in page index 36 corre- in function block 58, and stored in shift factor location
sponding to the next lower numbered page from the 37. Control is then returned to a higher level process
requested page. (not shown) by block 59.

From function block 44, control is then returned toa 50  The procedure effectively doubles the span of pages

higher level process (not shown) by block 52.

If decision block 43 detects no carry-out, decision
block 46 checks to see if variable I is less than or equal
to the number of storage locations in offset index 34. If

covered by page offset index 34. The reorganization of
the offset index may be repeated as many times as neces-
sary to allow a sequentially stored document of arbi-
trary length to be indexed by the fixed length page

not, function block 49 concludes that the requested 55 index.
page is not in page index 36 and that offset index 34 The effect of reorganization can be seen by referring
requires reorganization. From block 49, block 52 trans- to FIG. 5. FIG. 5 shows an offset index and a page
fers control to the reorganization subroutine shown in index each with seven entries. FIG. § is used for illustra-
FIG. 4. tive purposes, and will not be construed to limit the
If decision block 46 determines that variable I is less 60 invention in any manner. In practical applications, both
than or equal to the number of storage locations in indexes typically have many more than seven entries.
offset index 34, decision block 47 checks if the requested Each entry in the page index has two portions. The
page number is less than or equal to the highest page first portion provides the diskette location of the in-
number indexed in offset index 34. If so, function block dexed page, and the second portion gives the format of
48 concludes that the requested page number is in page 65 the page necessary for display of the page. A single

index 36 and that variable I is the relative offset into
offset index 34. In other words, considering the top
storage position of offset index as position zero, the Ith

entry in the page index is often called a page entity and
includes both page location and page format informa-
tion.
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FIG. 5(a) is a view of both indexes before any reorga-
nization has occurred. All entries of the offset index
point straight across to a corresponding entry in the
page index. Page numbers are shown to the left of the
offset index and, as can been seen, up to seven sequential
pages can be indexed without reorganization.

The entering of page one into the first position of the
offset index and page index is performed when the doc-
ument is first requested for browsing by the system
operator. The entering of pages two through seven is
accomplished by index manager 39 performing the page
location/add subroutine of FIG. 3. When page eight of
the document is processed, function block 49 (FIG. 3)
eventually gains control and concludes that reorgani-
zation is necessary. The reorganization subroutine of
FIG. 4 is then initiated, the completion of which results
in the index configuration shown in FIG. 5(b).

The offset index of FIG. 5(b) spans twice as many
pages as the offset index of FIG. 5(a). Referring to FIG.

15

8

TABLE Il-continued
Pages Indexed

37,
3 1,9, 17, 25, 33, 41, 49, 57, 65,
73, ...

Shift Factor

As can be seen from Table I, the span of each entry of
the offset index is doubled after each reorganization.
For example, with a shift factor zero, page one indexes
only one page; with a shift factor one, page one indexes
pages one and two; and with a shift factor two, page one
indexes pages one, two, three and four and so forth.

We claim:

1. A word processing and data accessing system for
keeping track of page entities in a sequential data stream
representative of a multipage document comprising:

a first storage means for storing said data stream;

a second storage means connected to said first storage

5(b), the first four entries of the offset index point to 20 means and to a document converter; X
entries one, three, five and seven, respectively, of the said s?cond storage means mcl'u'dmg a page index
page index which contain location and format informa- having a fixed number of positions for storing the
tion for pages one, three, five and seven. Offset index locations of said page entities in said stored data
locations five through seven point to locations two, six, stream by b.emg set to the address in which sqlectqd
25 pages of said data stream have been stored in said

and four, respectively, of the page index which are now
free for re-use. After the shift factor is incremented by
one, reorganization is complete.

Continuing with the processing of page eight, and
referring to FIG. 3, control passes from block 41 to
blocks 42, 43, and 44. Block 44 concludes that page
eight is not eligible to be in the offset index of FIG. 5(b),
and that variable I, which is three, is used to locate the
entry of the offset index corresponding to the next
lower numbered page. This entry is the fourth entry of
the offset index which corresponds to page seven and
which points to the seventh entry of the page index.
The diskette location of page seven is then used as a
starting location to search the diskette for requested
page eight.

When page nine of the document is requested for
viewing by the operator, control is passed from block
41 to blocks 42, 43, 46, 47, and 51 of FIG. 3. Block 51
concludes that page nine is not yet in the offset index of
FIG. 5(b), that page nine will fit in the index, and that I,
the value 4, is used to find the location in the offset
index for page nine. This location is location 5 of the
offset index which points to the second entry of the
page index which is where the diskette location and
format of page nine are to be stored.

The indexes of FIG. 5(b) will continue to be filled in
this manner until page fifteen is requested. The request
of page fifteen causes block 49 of FIG. 3 to again con-
clude that reorganization is necessary.

After a second reorganization is completed, the in-
dexes appear as shown in FIG. 5(c) and the shift factor
holds the value two. Filling the indexes continues until
the page numbers shown to the left of the offset index in
FIG. 5(c) are processed. A third reorganization occurs
when page twenty-nine is requested.

Table I relates the shift factor to the sequence of
pages entered in the offset index.

35

40

45

50

55

60

first storage means;

said document converter means connected to said
first storage means and to said second storage
means for determining the page entities of said
document in said stored data stream;

an index manager connected to said second storage

means for monitoring of said second storage means
to recognize a request for a page in said first stor-
age means which is beyond the present addressing
capacity of said fixed number of storage positions
in said page index;

said index manager reorganizing said page index by

altering selected addresses to increase the number
of page entities represented by each storage posi-
tion in said page index.

2. The word processing and data accessing system
according to claim 1 further including an offset index in
said second storage means for maintaining the page
locations of the positions of the entries in said page
index means;

said page index being reorganized by said offset index

keeping alternate positions in an unchanged condi-
tion and freeing all remaining positions for storage
of the next series of odd page numbers, each entry
in said series being controlled by a shift factor
which starts at zero and is increased by one for
each time that said page index is reorganized, said
series beginning at the next odd number higher
than the highest page number which has been kept
in an unchanged condition in said offset index to
allow doubling of the number of page entities rep-
resented by each storage position in said page in-
dex.

3. A method for maintaining an index of page entities
in a sequential data stream representative of a multipage
document including the steps of:

storing said sequential data stream in a first storage;

TABLE 1 determining the locations of the page entities within
Shift Factor Pages Indexed sa'id sequential data stream; .
65  storing the addresses of selected ones of said page
? i g g ;’ g' f’l 7’1 ; ]93 10,... entities in a second storage having a fixed number
e, T of positions for storage of a page entity in each
2 1,5, 9,13, 17, 21, 25,29, 33, position;
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storing page entity locators of said second storage in
a third storage which has a number of locator posi-
tions equal to the fixed number of positions for
storage of page entities in said second storage;

reorganizing said second and third storage means by
erasing selected positions of said page entity loca-
tors in said third storage means thereby releasing
each page entity position in said second storage
relating to said erased page entity locator in said
third storage;

entering new storage page entities into released posi-
tions in said second storage;

entering new page entity locators into said third stor-
age which are higher numbered than said erased
locators;

increasing the number of pages spanned by said sec-
ond storage means by said reorganization.

10

4. The method according to claim 3 wherein the
reorganization of said second storage means includes
the steps of:

erasing alternate positions of said third storage means;

5 entering new page entity locators in said erased posi-
tions which are higher numbered than the highest
numbered erased position;

doubling the number of pages spanned by said second

and third storage means through the entering of a
10 new page entity locator in each alternate position
of said third storage means.

5. The method according to claim 4 wherein all odd
numbered positions of said second store are dept un-
changed and all even numbered positions of said second

15 store are freed for storage of new page index location

data.
* L] * L] *
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,571,700
DATED : February 18, 1986
INVENTORIS) : C. A. Emry, Jr., et al

it is certified that error appears in the ahove-identified patent and that said Letters Patent is hereby
corrected as shown below:

Claim 5 - Col. 10, line 13 "dept" should be --kept--.

Signed and Sealed this

Sixteenh  Day of September 1986
[SEAL)

Arttest:

DONALD J. QUIGG
Attesting Officer Commissioner of Petents and Trademerks
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