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I FIG. 1

Dear Nautical Enthusiast:

Argo Research & Communications is pleased to inform you that you have been
selected for inclusion in our study of Intermet purchasing of marine and nautical
equipment.

We hope you will take the time to fill out the survey section below and retum it to
S~ us in the enclosed business reply envelope. This information will be used only to
4 improve the level of service you currently receive; this information will not be
disclosed to anyone else.

Thank You
Argo Research & Communications

FIG 2 www.agoresearch.com
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I Dear Nautical Enthusiast]

Argo Research & Communications is pleased to inform you that you have been
selected for inclusion in our study of Infernet purchasing of marine and nautical

equipment.

We hope you will take the time to fill out the survey section below and retumiit to
us in the enclosed business reply envelope. This information will be used only to
improve fhe level of service you currently receive; this information will not be

disclosed to anyone else. 30

Thonk You 'l
{ Argo Research & Communications |

WWW.agoresearch.com
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Invisibility: True
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Invisibility: True
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METHOD OF GENERATING DOCUMENTS
HAVING VARIABLE DATA FIELDS

BACKGROUND

In commercial document production shops it is often
necessary to render jobs containing large numbers of docu-
ments. Such rendering often presents complex problems:
pieces may have multiple proportional fonts, non-trivial
layout requirements, graphics and different color printing.
Furthermore, the pieces produced must meet acceptable
typographic standards. It is also desirable to be able to print
pieces in large volumes typically measured in hundreds or
thousands of pieces per hour. Such pieces must be designed
for volume production in that individual pieces should not
have to be individually crafted.

The printing of large volume jobs wherein documents
containing variable data fields are being produced presents
aproblem in that, while tools exist which can create variable
data field documents, no tool exists which is able to do so
efficiently for jobs containing large numbers of documents.

Typically, such jobs are printed by having the variable
data fields preprinted via a laser printer and having the
remainder of the letter common to all copies done on an
offset press. One problem with such a strategy is that the
color of most laser printing is not an exact match for the
color of the offset press, and second, there may be incom-
patibilities between the paper which needs to be used for that
laser printing process and the paper which needs to be used
for the offset process based on the ink used. Lastly, fonts
used to print the variable data fields on a laser printer may
not match the fonts used in the offset process and the relative
positions of the laser preprinted variable portions of the
letter may not line up in an exact way with the portions
printed by the offset process.

It is therefore desirable that a tool be created which can
handle print jobs in large volume having variable data fields.
The Portable Document Format (PDF) language is useful for
creating documents for rendering devices being driven by a
PDF language interpreter. The PDF language, however, does
not provide a facility for variable data fields. This invention
provides the capability of adding variable data fields to a
document specified in the PDF language. In addition, the
capability of modifying the appearance of any given
element, within the limitations of the PDF language, is
provided.

SUMMARY OF THE INVENTION

A process is herein disclosed in which a document
described by a stream of lexographic language statements
can be made to have variable data fields as well as attributes
which can be dynamically changed. The settings of the
various attributes of the graphical elements which can be
dynamically varied, and the variable data which is inserted
in variable graphic elements may be contained in an outside
data source.

A lexographic language is a structured, textual language
providing the means to describe a graphic rendering process
via text. To accomplish the objectives of this invention, it is
first necessary to create a mapping of graphical elements of
an image described by a stream of such lexographic lan-
guage statements to the statements within the stream that
created each element. A graphic element may be defined as,
for example, a segment of text or a non-textual element. As
the stream of lexographic language statements is sequen-
tially read, a sequence of graphical states is kept which
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2

defines the attributes of the graphical elements to be
displayed, as defined by the underlying lexographic lan-
guage stream at any point within the stream. When a
lexographic language statement is encountered which causes
a graphic element to be displayed, a linking is created
between the display of the graphic element, the current
graphical state and the lexographic language statement
which causes the display to occur.

Once this process has been completed for the entire file,
the display of the output is marked up by a human. The
marking includes the identification of those graphic ele-
ments which are to be variable, and also those graphic
elements whose display attributes are going to be controlled
by an outside data source, as well as the specification of
which attributes are to be controlled. As an example, the
salutation of a letter may be marked as being “variable,”
such that a list of persons to whom the letter is to be sent will
generate a sequence of letters having the same body of text
but a different salutation. Once the display of the letter is
marked and the value for the attributes of the graphic
elements are known, the data which controls the appearance
of the graphic elements according to the attributes is merged
into an output stream which creates a sequence of docu-
ments identical to the original document, except for the
marked graphic elements.

During the merge step, sets of data values are read from
an outside data source which correspond to the attributes
defined for any given graphical element. For example, if a
graphical text element is defined as being variable, then a
text segment is read from a data file and applied to the
graphic element. In order to accomplish the change from the
original graphical element to the new graphical element, a
set of modifications to the original stream of lexographic
language characters is defined. This is known as a transfor-
mation. By applying the transformations to the original
stream, an output stream of lexographic language statements
is created based on the set of data read. For each set of data,
a new stream substantially identical to the original stream,
but for the transformations, is created.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a typical stream of lexographic language
statements

FIG. 2 shows a rendering of stream of lexographic lan-
guage statements of FIG. 1.

FIG. 3 shows a series of data structures containing the
graphical states of the document of FIG. 1 at various times.

FIG. 4 shows the linking between graphic elements,
graphic state and language statements.

FIG. 5 is a flow chart showing the building of the graphic
state data structures.

FIG. 6 shows attributes defined for each marked graphic
element on the original image

FIG. 7 is a block diagram showing the integration of data
and the original document to form a new document via
transformations.

FIG. 8a shows various details of an invisibility transfor-
mation

FIG. 8b shows various details of a variability transfor-
mation

FIG. 9 is a flow chart showing the process by which
external data is merged with the original document.

DETAILED DESCRIPTION OF THE
INVENTION

Lexographic languages, such as PDF, are of a form which
is inefficient for a human to use unless the statements of the



US 6,547,831 B1

3

language are processed to create a graphical image. A
sample of a stream of PDF lexographic language is shown
in FIG. 1 as reference number 2. FIG. 2 shows how the PDF
statements of FIG. 1 are displayed when properly inter-
preted. To add the capabilities of variable data fields to a
document, the statements of the lexographic language must
be manipulated. As a result, once the overall image is created
from a lexographic description there must be a way to link
the graphic elements of the overall image back to the
appropriate language statement or statements in the descrip-
tion so that a human may indirectly manipulate the under-
lying lexographic stream by manipulating the graphic ele-
ments of the image.

In order to prepare a document for the addition of variable
data fields, a process is undertaken in which each graphic
element, which may be, for example, a segment of text,
composing the overall image is mapped back to the corre-
sponding lexographic language statement or statements
which created or affected the appearance of that graphic
element, and also to a “graphic state” that was current at the
time the lexographic language statement was encountered.
The graphic state holds a series of one or more variables,
where each variable corresponds to a symantic element (or
a component thereof) within the lexographic language that
controls the appearance of the graphic element. For
example, a variable may hold the current font size used
when rendering text. An example of the graphical states
created for the PDF language statements of FIG. 1 is shown
in FIG. 3 as 8, 10, 12, 14, 16 and 18. The linking of the
graphic elements of the displayed image to the graphic states
shown in FIG. 3 is shown in FIG. 4. The mapping for
graphic element 20, which is a segment of text, shows a link
24 to graphic state #4, shown as 14 on FIG. 3, and also a link
25 to sequential indicator 8, also shown on FIG. 3, which
indicates that the lexographic language statement which
created the graphical element is the eighth lexographic
language statement in the input stream 2. Likewise, graphic
element 22 is mapped to links 26 and 27, indicating graphi-
cal state 5 and sequential indicator 11 respectively.

The process used to map graphic elements to graphic
states and sequential lexographic language statement indi-
cators is shown in flow chart form in FIG. 5. In step 50, the
graphics state is first initialized to match the initial settings
of the underlying lexographic language. In step 52, the
statements of the underlying lexographic language defining
the overall image are then inspected one at a time in the
order defined by the language, until the last statement is read
at step 54. At step 56, a check is made to see if the graphic
state has been modified by the last statement. If so, the
graphic state is updated at step 58, and, at step 60, a link is
created between the updated graphic state and the language
statement which caused the change in the graphic state. The
language statement and the graphic state as it is defined at
that point of the inspection process is saved so that it is
uniquely identified. The process of saving this state must
allow for 1) the retrieval of the saved state information by its
location in the lexographic language stream, and 2) for the
retrieval of the saved state information by the location
and/or appearance of the graphic element within the graphi-
cal image. As a practical matter, it is only necessary to save
the state when a statement of the underlying lexographic
language modifies one or more of the variables stored in the
state. As a result, multiple graphic elements may be linked
to the same state.

When this process is complete, any graphic element
contained in the overall image can be tied to specific point
in the underlying lexographic description, as defined by a
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4

stored state and linking to the specific lexographic language
statement responsible for displaying the graphical element.

A set of attributes is defined that will affect how graphic
elements may be manipulated. These attributes must be
defined such that the effect of modifying an attribute can be
accomplished by manipulating the underlying lexographic
language statements. As an example, FIG. 6 shows attribute
sets 21 and 31 for graphic text elements 20 and 30, respec-
tively. The attributes of invisibility, variability and rotation
are defined for each of graphical text elements 20 and 30.

For each attribute a set of appropriate transformations is
defined that will be applied to the underlying lexographic
language statements so that the indicated effect can be
achieved. FIG. 7 shows transformations 40 and 42 in block
diagram format, for the invisibility and variability attributes,
respectively, of the graphical text elements. The transfor-
mation is a sequence of editing operations that may be
applied to the original lexographic language stream to
achieve the desired change. The editing operations may
include, but are not limited to, modifying, adding or deleting
underlying lexographic language statements.

For example, the attributes invisibility, rotation and vari-
ability have been defined for graphic text elements. The
transformation for textual invisibility, shown in FIG. 8a,
could be implemented by replacing the underlying lexo-
graphic language statement which displays the text with a
statement or statements having non-printing characters, or,
alternatively, deleting the statement responsible for display-
ing the text. The inputs necessary to perform the invisibility
transform are shown in box 60 in FIG. 8a. It is necessary to
know which statement in the original stream of lexographic
language statements is to be transformed, as well as what the
graphic state was at the time that language statement was
encountered. In this example, the PDF statement “(Dear
Nautical Enthusiast) Tj” is being transformed to make it
invisible when the entire stream is displayed by an inter-
preter. To accomplish this, the steps shown in box 61 are
carried out. First, the original Lexographic statement is
deleted, then a new statement having no text (i.e., “() Tj”)
is inserted. The original marked PDF statement is thus
replaced by the PDF statement shown in box 62.

A variability transformation is shown in FIG. 8b. In this
case, the PDF statement “(Argo Research &
Communications) Tj” shown in box 63, is to be made
variable. Thus, when the merge process, described below, is
carried out, text read from a database will be substituted for
the original text. In this transformation, the color of the
substituted text is to be displayed in red. The steps to carry
out this transformation are shown in box 64. First, the
original PDF statement is deleted. Next, a PDF statement is
generated to change the color of the displayed text to red
(ie., “1 0 0 RG”). The text to be displayed is then located
and retrieved. The text may be stored in a database, or by
utilizing any method commonly known to those of ordinary
skill in the art. Once the text is retrieved, a PDF statement
is generated to display the text (i.e., “(Joe Jones/President)
Tj”). Lastly, a PDF command is generated to change the
color back to whatever it was prior to the application of the
transformation (i.e., “cl ¢2 ¢3 RG”). The previous color
information is retrieved from the graphical state, shown in
box 63. The original color is expressed, in this case, as three
variables, cl, ¢2 and ¢3. The value of these variables will
determine the actual color that in which the remainder of the
text is to be displayed. Box 65 shows the PDF statements
that are substituted for the original marked PDF statement.

The merge process is shown in flow chart form in FIG. 9
and schematically in FIG. 7. The process involves reading









