Advanced Function
Printing—From print
to presentation

The strength of Advanced Function Printing™
(AFP™) is due largely to the architectures that
form its foundation. The architectures on which
AFP is based have been developed over the last
12 years and have influenced the development of
standards, competitive architectures, and, most
importantly, software inside and outside IBM.
Customers are demanding a more compre-
hensive view of printing that includes easy
creation, viewing, and even specialized editing of
printable documents. These “next generation”
requirements are now being satisfied by software
products that are based on the existing
architecture. This paper describes some of these
products and how they use the architecture, and
describes possible future directions for AFP and
related technologies.

ven though the rich printing capabilities of

Advanced Function Printing* (AFP*) went far
beyond the needs of most AFP customers at the
time of its introduction, new requirements were
soon identified that went far beyond print. The
capabilities of AFP are being extended to address
new requirements related to printing and other
forms of presentation. This paper presents, first,
printing with AFp, followed by discussions of
viewing, storage, and retrieval of documents, and
finally what the future holds for the AFP docu-
ment.

As originally conceived and developed, AFP was
a system of architectures and processes aimed at
printing documents on paper.’ It is still unparal-
leled in system management of printers and
printer resources. A printer driver interprets the
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presentation form of a document and adds refer-
enced resources and printer controls to build a
printer command stream in accordance with an
architecture. The printer command stream con-
tains everything the printer needs to accurately
represent the user’s original intentions for the
content and appearance of the document and to
manage the printer, even through error recovery.

Two architectures are the foundation of all AFP
function. The presentation form is MO:DCA-P*,
Mixed Object Document Content Architecture for
Presentation,? and the printer command stream is
1PDS*, Intelligent Printer Data Stream*.’

Gartner Group, in its 1990 Electronic Output Strat-
egies Conference,* stated “AFP will become the
de facto printing architecture.” With the incorpo-
ration of AFP into the workstation and Operating
System/400* (0S/400*) environments, thousands of
AFP installations now run on every major IBM plat-
form. Xerox supports MO:DCA-P in its Printer Ac-
cess Facility, XPAF**. Low-end printers (including
some driven by non-IBM data streams) are also now
supported in AFP.

Figure 1 shows four areas that interact with one
another. Users’ needs and influences are a driving
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Figure 1 Four areas of interaction

PRODUCT

force for technology and products; technology
both enables usable products and requires prod-
uct improvement; products are built in response
to both user requirements and new technology;
and architecture is a means of centralizing all the
definitions required by the products, the technol-
ogies, and the specific end-user functions. Archi-
tecture maintains order in a changing system.
These four areas are used to show the dynamics
of expansion of AFP into viewing and beyond.

Printing AFP documents

Use. The world of print changed dramatically and
permanently the day the first laser printer was
attached to a computer. The quality of computer
output for the first time rivaled the typewriter and
the major commercial printing processes. It is no
surprise that computerized laser printing began to
encroach on the domain of both the expensive,
lengthy commercial printing processes and the in-
expensive but unforgiving typewriter. The tech-
nology was interesting, but more interesting was
the new variety of printed material emanating
from computers and the resulting stress placed
back on the very capabilities of the system itself.

Early computer output printing was used for such
things as core dumps, calculated results, program
listings, and tabular data—material generally high
in volume and generally not thought to be impor-
tant to the corporate image. The typewriter, too,
had its special purposes. It was used for typing
letters, manuscripts, reports, and index cards and
for filling in forms. Typewriters were (and still
are) used where convenience and utilitarian qual-
ity were desired. The much higher quality of com-
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mercial printing processes is perfect for publish-
ing and advertising, and for any material con-
veying image. Use of typographic fonts, graphics,
and color is common. The media can be card-
board, foil, plastic, coated paper, or pulp, and as
large as a billboard or as small as a business card
or index tab.’

Every use previously made of a typewriter or
commercial printing process has become a poten-
tial use for the computer output laser printer.
However, many new requirements arise when la-
ser printers replace these traditional printing
methods. For example, consider the use of the
printer in place of a typewriter for the printing of
letters. Printing letters requires cut-sheet paper.
Cut-sheet paper handling leads to consideration
of multiple input and output bins. Cut-sheet paper
handling is also more susceptible to jamming than
continuous forms, raising the subject of error re-
covery. Can company letterhead be printed on
demand, rather than requiring physical letterhead
to be loaded into the printer when needed? If han-
dling company letterhead is feasible, the need for
color may arise. Availability of typographic fonts
is a must. A post-processor to fold and stuff en-
velopes may computerize a manual step, but only
if the envelopes are addressed. Addresses often
include a postal bar code with its tolerance re-
quirements. In other words, one “simple” new
use of the laser printer cascades into a profusion
of development items for the printers, the printer
drivers, pre- and post-processing equipment, and
application programs. New applications in pub-
lishing and advertising, for example, present far
greater and more complex challenges to computer
output laser printing.

How can large numbers of people separated by
company, country, and national language coop-
erate to accomplish such complex goals as those
described above? The key to worldwide cooper-
ation in computer development is rigorous, well-
defined architecture. Literally every function
must be expressed in open, extendable, con-
trolled interface architecture so that growth is
nondisruptive and yet unconstrained by propri-
etary mysteries.

For high-quality, production printing, the archi-
tecture must be capable of expressing all of the
functional and data elements of a document in a
way that does not depend on any characteristic of
the eventual presentation device. The importance
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Figure 2 MO:DCA-P documents, page groups, and pages
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of this attribute will become more evident in the
following paragraphs.

Architecture. The Advanced Function Printing
Data Stream (AFPDS) was described by deBry et
al.® as one of the architectures of AFP. AFPDS be-
gan as a product data stream in the AFP environ-
ment. AFPDS has evolved over time into the more
robust MO:DCA-P, which describes an electronic
document. A complete description of the MO:DCA-P
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architecture can be found in the published refer-
ence manual; some of its important elements are
summarized in the following paragraphs.

Just as pages are the substance of a physical doc-
ument, pages are the substance of the MO:DCA-P
document. Figure 2 depicts a document and its
pages with their component parts. Pages may be
grouped to provide a single reference for one or
more pages. If present in the page, the resource
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group is positioned first and is followed by an
active environment group and any combination of
objects and “include page overlays.”

The resource group contains only page overlays,
which are identical to pages except that they do
not contain a resource group or an include page
overlay. The active environment group contains
the controls required to correctly render the in-
formation in the page image, such as a list of fonts
referenced in the page. Following the active envi-
ronment group is the information content of the
document which is carried in presentation text
objects,” image objects,® graphic objects,’ and
bar code objects.'® The objects contain data and
an object environment group to specify parame-
ters local to the object area.!! The include page
overlay names a page overlay and positions it
within the current page. The page overlay is used
to present multiple data objects in the same area,
e.g., a form and its data.

The active environment group and objects con-
tain further levels of detail not important here.
However, the concept of structure is important.
Rather than being a single sequence of function
and data, the structure is blocked, having explic-
itly delimited elements. Blocking is the means of
limiting the scope of parameter effects.

Many documents rely on reusable parts, such as
fonts'? and overlays. The reusable parts, or
“resources,” as distinguished from “resource
groups,” are created once and stored in “re-
source libraries” for reference by applications
and device drivers. Whether a MO:DCA-P docu-
ment is self-contained or references resources in
a library, it is still portable to other systems. Re-
sources, being block-structured and self-describ-
ing, are also individually portable.

The block structure of MO:DCA-P is not only con-
venient for document construction and portabil-
ity, it is ideal for various tasks of document man-
agement and processing. For example, to ensure
future faithful interpretation of an electronic doc-
ument, resources may be stored with the docu-
ment. In contrast, to minimize storage require-
ments, the document may be stored with refer-
ences to resources instead of storing the resources
themselves.

Product. Figure 3 shows a simple model of the AFP
environment. A good example of an application is
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the Document Composition Facility (DCF*). DCF
converts text and controls entered by the user
into a fully formatted MO:DCA-P document and
then stores the document on the system spool to

Blocking is the means
of limiting the scope
of parameter effects.

await print. Fonts, page overlays, and other re-
sources referenced by the document are previ-
ously installed in resource libraries for reference
during formatting and printing.

Print Services Facility (PSF*) is IBM’s AFP printer
driver. PSF translates the MO:DCA-P document into
a stream of printer commands, IPDS. Fonts are
located and downloaded to the printer, if neces-
sary. Other resources are obtained and included
in the printer command stream as required. The
translation provided by PSF is relatively straight-
forward: the data content of the MO:DCA-P docu-
ment is passed through unchanged, and the struc-
ture and parameters are translated to the similar
structure of IPDS.

Viewing AFP documents

Technology. Technology costs continue to de-
cline. Several technologies are contributing to ex-
tending AFP: in particular, outline fonts, more
powerful processors, higher-resolution displays,
faster display adapters, and graphical program-
ming environments, such as Operating System/2*
(0s2*) and Microsoft Windows**.

Raster fonts are being replaced by outline fonts.
Now, whether occurring on the host, on the work-
station, or in the printer, rasterization can be done
at nearly any size, resolution, and orientation,
and on demand. Libraries are vastly smaller, one-
fifth the size of raster-font libraries. Also, along
with outline fonts come relative metrics, remov-
ing the barriers imposed by fixed metrics. Pro-
cessor speeds in the workstation (at a given price)
are 25 times faster than they were 10 years ago.
Increased power enables compute-intensive pro-
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Figure 3 AFP system model

APPLICATION

ARCHIVE

VIEWER

DISPLAY

]

PRINTER

INTERMEDIATE

RESOURCE
LIBRARY

DEVICE

POST-
PROCESSOR

cessing such as font rasterization to be done on
relatively inexpensive workstations. Vastly im-

proved displays and the graphical user interface
have made it possible and affordable to view
MO:DCA-P documents with acceptable fidelity.
These things taken together have made the work-
station a practical document-viewing device.

Use. What is required for viewing? There must be
an effective means of faithfully imaging a page
and navigating to the page of interest.

Imaging requires that the workstation display the
pages of the document exactly (within reasonable
latitudes) as they would appear if printed. This
means that all the resources available at print time
must be available at display time. Considering
mainframe formatting and printing as the basis,
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workstation viewing requires transport or dupli-
cation of mainframe data and processes, such as
fonts, page segments, page definitions, form def-
initions, and overlays, as well as the documents
themselves. Users typically have many large doc-
uments. For a complete solution, they need help
in managing the large volumes of data across the
two environments, or they need a facility for direct
viewing of mainframe documents without first mov-
ing them to the workstation. Fonts, for example,
must be available in the same typefaces and with the
same attributes as those used when the document
was formatted. And text is not the only data type:
graphics drawing orders require equivalent inter-
pretation on the workstation, and image data re-
quire decompression and resolution correction. Im-
aging requires rendering of the entire document to
match the printer’s rendering as closely as possible.
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Figure 4 Sources of a MO:DCA-P document
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Further, one rendering per page is not adequate.
The user might want to enlarge or reduce the size
of the displayed page, depending on the user’s
viewing purpose. Imaging for display must be
fast, as well as faithful to the printed document.

Navigating requires being able to control forward
and backward movement and to specify and find
a target for viewing within the document. As seen
in Figure 4, a MO:DCA-P document may come from
several different sources. In any case it may be
viewed with scrolling and keyword searches, but
tags are required to have full-functioned naviga-
tion employing named targets. Tags are special
constructs in the document that identify a page or
page group as special; they carry descriptive in-
formation that pertains to that page or page group.

For example, in a document of telephone bills for
many customers, one tag may contain the cus-
tomer’s name and another tag the customer’s tele-
phone number. Viewing now can be guided by a
search for a specific telephone number or a cus-
tomer’s name, rather than a manual or character
string search. (The collection of all tags in a doc-
ument extracted for processing efficiency would
serve as a simple index. Indexing is an emerging
technology, about which more will be said later.)
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The stored document becomes a type of database,
with the additional benefits of being immediately
printable and looking the same to the viewer as it
does to the reader of the printed version: a cus-
tomer-service advantage.

Let us continue with the customer-service exam-
ple as depicted in Figure 5. Suppose a telephone
customer calls with a billing question: “The billed
amount seems too high; the bill is five pages long
and many phone calls do not appear to belong to
me. The monthly rate also seems to be too high.”
The customer-service representative will respond,
probably using one of three common approaches
to customer-service support: database, physical
files, or the electronic document.

The database approach is satisfactory. Keying on
telephone number and month, the customer-ser-
vice representative has all relevant data immedi-
ately available. “But all the calls on page two do
not belong to me,” is a statement that can only be
discussed if the customer-service representative
has knowledge of page content. Without pages, a
prolonged discussion will follow regarding the in-
dividual calls on “page two.”” Not having the con-
cept of page is a drawback to using the database
approach.
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Figure 5 Customer-service example
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The physical files approach is also satisfactory.
All of the customer’s questions have a complete
reference base. But physical documents can take
days to retrieve, not only delaying resolution but
also requiring refiling. The statement, “But if 1
look at December’s bill the rate was lower,” can
only be discussed after the customer-service rep-
resentative has also retrieved the bill for Decem-
ber (and all bills for this year and last, just in
case). Refiling is an additional expense.

Electronic documents offer a solution to the
shortcomings of both methods. Retrieval (and re-
filing!) time is measured in milliseconds, and the
retrieved information looks the same to the cus-
tomer-service representative as it does to the cus-
tomer.

Though viewing has become technically feasible,
the existing environment must be preserved as
viewing is introduced. Architecture satisfies tran-
sition and compatibility needs and, at the same
time, provides a well-defined basis for change.

Architecture. MO:DCA-P is the basis for all AFP

viewing and printing. MO:DCA-P lends itself well
to the construction of page images for the display
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Figure 6 Tag logical element
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that are faithful to the printed rendition. View-
ing, however, requires two primary architecture
changes: tagging of key material within the doc-
ument and document indexing.

Locating key items of information in a document
involves identifying and tagging the items before
viewing to permit efficient and structured
searches. Tags have been added to the MO:DCA-P
architecture to be inserted into the document ei-
ther during or following formatting. Figure 6
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Figure 7 Tag logical elements in a MO:DCA-P document Figure 9 Document index
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shows the structure and the main content of such
a tag, called a tag logical element (TLE). The key
parameters are attribute name and attribute
value. Page name and page group name are not
END PAGE allowed in the TLE when placed in a document,
but may be required for TLEs in a document index
BEGIN PAGE to provide the association with an index element
(see the following paragraphs). Figure 7 shows
where the TLEs may be found in a document. The
TLEs may be placed first in a page group or any-
where in a page where the major components
END PAGE GROUP of the page may be placed, but not within any
major component {e.g., image object or resource

group).

BEGIN PAGE

END PAGE

END DOCUMENT

An index comprises a sequence of TLEs and index
elements (IEL). The index elements, as seen in
Figure 8, contain calculated offsets to and extents
of each referenced page or page group. Figure 9
shows the structure of a MO:DCA-P document in-
dex.

Figure 8 Index element
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[ The tag and document index are the two major
architecture updates that have made viewing pos-
sible. These updates are the basis for two new AFP
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Figure 10 Sources of a tagged MO:DCA-P document
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products that work together to faithfully display
MO:DCA-P documents.

Product. Figure 10 depicts some possible sources
of the tagged MO:DCA-P document. AFP Conver-
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sion and Indexing Facility (ACIF*) is an MVS-
(Multiple Virtual System) and vM-based utility
that provides three major functions: conversion
of line-mode data (or line-mode data mixed with
MO:DCA-P) to pure MO:DCA-P, a facility for intro-
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Table 1 ACIF document indexing
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ducing tags, and document-index building. Line-
mode data originate in applications written for
line printers, and these data represent the major-
ity of data printed in the AFP environment. Also,
for a pre-existing pure MO:DCA-P document not
prepared for full-functioned navigation, ACIF pro-
vides an exit as a means for the user to introduce
tags. The user is guided through the necessary
steps to introduce all tags required for his or her
viewing needs. A new MO:DCA-P document, in-
cluding tags, may have been created using the AFP
application programming interface (API),'* DCF,
or ImagePlus*. Telephone bills, for example, are
created by an application accessing various tariff
tables, customer files, and control information to
custom build each customer’s bill for the month
as pages in a MO:DCA-P document. The AFP API not
only automates much of the building of the
MO:DCA-P document but also provides a means to
insert TLEs as each page is built.

Once the tagging of the MO:DCA-P document is com-
plete, a document index can be built. The docu-
ment index is also built on the host using ACIF.
Table 1 shows the indexes that could result from
the processing of the document shown at the bot-
tom of Figure 10. Two parameters control the TLE
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content of the output document: one causes TLEs
to be inserted or not inserted; the other causes the
index to include both page-group-level and page-
level TLEs or just page-group-level TLEs.

The document index may be internal or it may be
external to the document, so the user or using
application may make the trade-off between re-
building of the document index when needed
(such as for a “small”” document) and building the
document index once and storing it away for fu-
ture use (such as for a “large” document). The
document index is built by searching for tags,
copying and creating TLEs, and creating IELs with
their respective page and page group displace-
ments, and placing them in order in the MO:DCA-P
document index just described. The document in-
dex then enables efficient navigation based on in-
formation that is pertinent to the user.

The AFP Workbench* is an application based on
Microsoft Windows. Figure 11 shows an overview
of AFP Workbench viewing operations. Once AFP
Workbench is active, a document may be selected
and opened. (This discussion assumes that doc-
uments to be viewed have already been down-
loaded.)
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Figure 11 Workbench overview viewing
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To display a page that is faithful to the printed
rendition, AFP Workbench accepts MO:DCA-P doc-
uments that include imbedded overlays and page
segments, compressed and uncompressed image
data, and form definitions, or formdefs. AFp Work-
bench permits the user to export overlays and to
select and extract specific pages for printing or
other uses. AFP Workbench uses Adobe Type 1
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fonts; because of the wide variation in font capa-
bilities of existing printers and displays, exact pixel
alignment is not possible in all cases.

When a document is selected for viewing, an in-
ternal processing index is built by either searching
for and using all the tags in the document or by
translation of the document index. If the docu-
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ment index exists when AFP Workbench accesses
the document, the building of the internal pro-
cessing index for AFP Workbench is faster than if
there is no document index. The first page of the
document is imaged for the user to begin viewing.
With use of the internal processing index, an at-
tribute list is built in anticipation of a request to
go to another location in the document. To find a
particular location in the document, the user se-
lects GO TO and selects the subject (i.e., attribute)
of choice, e.g., telephone number. The AFP Work-
bench then presents a list of telephone num-
bers (i.e., attribute values). When the user selects
a telephone number, the location of the page con-
taining that tag is picked up from the index and the
page is retrieved, then rendered for the specific
display, and presented to the user. If the page
rendered is the first of a set, the user has another
opportunity to select a subject, such as carriers
(telephone companies), and then to specify which
carrier. The user can continue in the same manner
until the desired page is presented. At any point
in the navigation, the user can page forward or
backward as an alternative to selecting named tar-
gets.

The AFP Workbench permits navigation with or

without TLEs. Without TLEs, navigation is limited
to scrolling, relative page numbers, and keyword
search.

In summary, ACIF provides a host-based “condi-
tioning” of MO:DCA-P documents: converting to
proper format, introducing tags, and building an
index. AFP Workbench provides a basic view ca-
pability, with keyed retrieval of pages (and page
groups), and a variety of import and export func-
tions. Taken together, the two programs provide
a flexible host-workstation solution to the AFP
user.

The ability to view a document requires controls
related to the flow of work in the establishment
(“workflow”), much like those used for the printed
document.

Use. The availability of viewing functions sug-
gests paper avoidance in situations normally de-
manding paper as the medium of communication.
For example, legal, business, and technical ap-
plications typically involve not mere document
“creation,” but document ‘“development.” A
document may develop over a year or more and
be reviewed by 100 or more readers. With appro-
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priate end-user functions, viewing could ease the
entire review process and remove the expense of
managing physical documents. Two additional

ACIF provides a host-based
“conditioning” of MO:DCA-P
documents.

functions add value to the viewing capability: the
ability for each reader to make notes on the
viewed document (annotation), and the ability for
the author to control what readers see which parts
of the document (redaction).

Annotating a document with material that is re-
lated to, but not part of, the document requires
the capability of creating the annotation, associ-
ating it with a point in the document, and selecting
it for optional viewing or printing.

Remembering that a MO:DCA-P document can con-
tain a wide variety of data types, one would also
expect those same data types to be valid as an
annotation. Attaching an audio object to a text
page has obvious application in telephone-based
customer-service operations. Attaching a bar
code object to an image or graphics object permits
mechanical identification of scanned photographs
and engineering drawings. Annotation should
permit information expressed in any MO:DCA-P
data type to be associated with any point in a
MO:DCA-P document. When the page is presented
(i.e., viewed or printed), a visible marker should
denote the presence and location of each anno-
tation. Time and date should be a part of each
annotation. In whatever way the annotation is im-
plemented, it cannot corrupt the document or its
data. The annotation must be separate from, but
associated with, the data of the document.

“Redact” means “to select or adapt for publica-
tion.”" In the context of electronic document
processing, one can envision redaction as a
dynamically applied suppression. An ability to
define user levels and corresponding document
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Figure 12 Include page overlay
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information levels is needed. Each presentation
of the document can then be tailored to the level
of the user. Information, whether document or
annotation, of a higher level than that of the user
is then not presented. With annotation and redac-
tion, document viewing can be an aid to many
commercial and scientific workflow applications.

Architecture. A test of the durability of an archi-

tecture is its adaptability to new requirements.
What at first appears to be a complex function is
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satisfied by a simple addition to MO:DCA-P. Both
annotation and redaction are accomplished in
MO:DCA-P via two conditional processing param-
eters that have been added to the include page
overlay, as seen in Figure 12.

The page descriptor in the page overlay both
specifies the X and Y dimensions of the image of
the overlay and indicates whether the overlay
should be transparent or opaque when applied to
the page image.
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Table 2 Overlay logic

Include Type Level
Include::User

Processed? Overlay

Annotation Yes Transparent
or opague

Annotation No

Redaction Yes

Redaction No

Opague

As described above, the include page overlay
specifies within the page image where to place the
origin of the page overlay. Added to the include
page overlay was a pair of conditional processing
parameters that determine whether to process the
include. One parameter indicates whether the in-
clude is an annotation or a redaction; the other
parameter specifies the levels at which to process
the include.

The objective is to include an annotation for users
of adequate level and include a redaction for
users (applications) of inadequate level. Table 2
outlines the overlay logic. As an example, con-
sider a document that contains annotations and
redactions of three levels each: one, two, and
three. An application, which has been assigned a
level of two, selects the document for viewing.
Annotations of level one and two will be included,
and redactions of level three will be included. The
viewed pages will be displayed with all the infor-
mation in the level-one and -two annotations and
without the information obscured by the level-
three redactions.

Page overlays, like pages, may contain any valid
data object, which satisfies the need to annotate
various data types with various data types. Ap-
plications are consequently able to incorporate
viewing as a document development and manage-
ment tool to save both time and paper. However,
expanded uses for electronic documents tend to
increase their number: demands on both storage
and system input and output volumes increase
commensurately.

Storage and retrieval

Technology. Technology is responding to the need
for systems to accept, store, and produce an ever-
increasing volume of documents. Cost of storage
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on a mainframe computer has decreased by a fac-
tor of ten over the last ten years'® and on the
workstation by a factor of four."

Drastically improved economics of storage en-
courages expanded usage. With bar codes, opti-
cal character recognition (OCR), magnetic ink
character recognition (MICR), and improved scan-
ners and recognition algorithms, capturing, stor-
ing, and retrieving data have become much easier
and more efficient. Unfortunately, we do not have
easy and effective methods for identifying and re-
trieving information. The following paragraphs
identify the distinction between data and infor-
mation, and the problems encountered in regard-
ing data as information.

Use. The distinctions between data and informa-
tion are important. Good customer service, for
example, requires easy access to information, not
simply to data. That information should be rele-
vant to each customer, especially to provide real-
time responses to telephone inquiries. This re-
quires that the information be in usable form.
Large service companies have literally millions of
documents on file and, though electronic storage
and retrieval may be fast, effectiveness depends
on the capability to retrieve and manage infor-
mation.

Information is appropriate data arranged in us-
able form, such as a document. “Appropriate”
and “usable” are subjective, even abstract, words
that expand the definition of information far be-
yond the capabilities of database, and even be-
yond artificial intelligence. To be sure, a database
does offer information, but only in a limited sense.
Retrieval of data from a database is very straight-
forward, but discovery of rationale and new re-
lationships and the expression of those ideas in
readable prose requires additional effort. Docu-
ments, in contrast, already express ideas of rela-
tionship and rationale in readable prose, but se-
lection and retrieval require additional effort. As
more documents are stored in electronic form, the
difficulty of effective retrieval heightens and be-
comes more obvious. Information science has
made good progress in the indexing and retrieval
of entire documents, but progress toward index-
ing and retrieval of appropriate excerpts of doc-
uments has been slow. Indexing is still manual for
the most part and is accompanied by some degree
of subjectivity.”® Electronic documents are in-
dexed as they are created or stored. Indexes on

IBM SYSTEMS JOURNAL, VOL 32, NO 4, 1993




forms can be created economically if keywords
can be used. Indexes on images require some
manual preparation and may employ OCR, MICR,
or bar codes.

Indexing in general, however, is complicated and
costly. To explain, let us consider two simple
methods and note their shortcomings. One method
would be not to index at all, which results in
searching entire libraries for keywords and phrases.
Another method would be to mechanically index
every word, as in a concordance. Other than the
fact that the methods apply only to text docu-
ments (and that electronic documents may be
scanned in as image only), these approaches have
some serious problems: performance, vocabu-
lary, and precision, to name three. The searcher
may not understand the vocabulary of the subject
being researched and may not be able to formu-
late meaningful queries. The searcher may know
the vocabulary but not be able to focus the search
tightly enough to select a few good references rather
than hundreds of general references. A usable index
needs to have as standard a vocabulary as possible
(which may not match the vocabulary of the refer-
ence document) and be a knowledgeable extraction
of the relevant from the irrelevant (which is sub-
jective). A good index today may not be a good
index five years from now. In spite of these diffi-
culties, the index cannot be avoided: the usefulness
of documents as information depend on the index.
The rigorous, useful index on a library of full-text
documents is a major challenge. Though much
work has been done on information indexing, it is
still regarded as an emerging technology,'® espe-
cially for nontextual data. ™ An excellent case study
is presented by Plesums and Bartels.?

Nonetheless, users of document-imaging systems
recognize that effective storage, retrieval, and
viewing functions can be developed and are sig-
nificant to state-of-the-art customer service.

Product. Whereas AFP Workbench has taken a
definitive step toward document content index-
ing, ImagePlus features /ibrary content indexing.
These two products are establishing an important
technology basis for effective information re-
trieval.

ImagePlus is a family of document-imaging sys-
tems (in several operating-system environments)
that provide for the capture, indexing, storage,
viewing, printing, and distribution of large quan-
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tities of documents. The product family incorpo-
rates high-speed document scanning, workflow
management, and storage capabilities.

ImagePlus/2 (the 0s/2 implementation), for exam-
ple, allows the user to electronically enter a doc-
ument into the system by a scanner or facsimile,
index and update the document, and view the
document, both on entry to validate quality and
for subsequent reference. The document may be
assigned to a class and put in a folder or work-
basket for later retrieval and processing. Docu-
ments can also be sent to a printer or sent by
facsimile transmission.

Work is always in progress to improve interop-
erability. One notable area already achieved is the
AFP printing and viewing of ImagePlus documents
using MODCA(P) Interchange Set 1.

ImagePlus implementations provide simple, but
powerful, annotation function. ImagePlus docu-
ments are stored in MO:DCA-P form: the MO:DCA-P
overlay contains the annotation. The position of
the overlay in the document and the position of
the information in the overlay determine the as-
sociation of the annotation with a point in the
document. ImagePlus provides a means to sup-
press or include the overlays when the document
is printed or viewed.

Viewing functions include pan, rotate, invert, and
zoom. Capture and view include bi-level, color,
and gray-scale images. Pages consisting of both
image and text data can be displayed or they can
be printed on ASCII and AFP printers. ImagePlus
is an excellent example of how technology and
architecture can be put to use to serve customers
more efficiently.

Printed documents have been used in innumera-
ble ways. Electronic documents were once only
used for printing. Now customers are attempting
to use electronic documents in the ways in which
they formerly used the printed document, such as
group reviews during document development and
customer-service reference. Technology and ar-
chitecture are responding to the expanded view of
the electronic document.

Future outlook

Technology. Multimedia products now demon-
strate time-synchronization of audio with video
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Figure 13 Document-imaging system model
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or graphics. The many forms of audio and video
make it easier to integrate them with other forms
of data. Color print is now affordable and of pre-
sentation quality. Font technology is continuing
its evolution to fit into the workstation environ-
ment.

Hypertext is growing as the power of worksta-
tions grows. So far, the major hypertext applica-
tions are not based on a printable document.
Merging hyper function with print function in a
single form that could be both printed and navi-
gated in hypertext fashion would improve overall
usability and reduce storage requirements.

Printing will soon be expected to provide full pro-
cess color with all data forms. Viewing will soon
be expected to provide audio and video, in addi-
tion to those functions found in print.

Tasks that are cumbersome with a printed version
of a document are good candidates for electronic
methods. Examples are document development,
document review and comment, and cross-refer-

encing. If the electronic method is weak, how- -

ever, so will the efficiency and resulting customer
service be weak. For example, if hypertext is im-
plemented for phone bills, but only allows looking
at on-line (i.e., this year’s) bills, customer service
suffers. Strength is required. The solutions must
be robust, durable, and flexible. Programming
can do much to deliver function, but programs
age, become inadequate, and are replaced. The
most important ingredient for robust, durable,
and flexible electronic methods is strong archi-
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tecture. AFP is based on the Mixed Object Doc-
ument Content Architecture, which provides the
needed strengths for expansion.

In the following examples, note how simple the
architecture changes seem in comparison with the
intended uses and vast implications to computer
users.

Architecture. Use of color engenders some com-
plexity. The simple observation that both trans-
missive and reflective colors are required for dis-
play and print, respectively, demonstrates the
need for multiple color encodings and transforms
from one medium to another. Today, color tables
are defined in MO:DCA-P. A color table relates the
components of a standard color model, such as
“red, green, blue,” to control codes for use in
specifying color for MO:DCA-P objects. As addi-
tional needs for color arise, tables for each color
model can be added or expanded with minimal
effort.

The hyper-document is implemented in a number
of different ways; most are not printable. Today
MO:DCA-P is being enhanced with a robust link
that begins the journey toward full hyper-docu-
ment function. Perhaps the link will play a role in
the database question mentioned earlier.

Time-sequencing is a dimension only recently as-
sociated with documents. As multimedia grows
and takes shape as a tool and a technology, the
function of time-sequencing is bound to appear in
documents. Time-sequencing and other multi-
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media functions are ideal for workstation-based
presentations, making use of audio and both still
and motion video. MO:DCA-P is well-structured to
receive such modifications.

Even with enhancements in these areas, docu-
ment architectures will be stressed by users’ ap-
plications.

Use. The printing of a document and the use made
of a printed document are independent. How-
ever, the electronic document and its use are
tightly interwoven. The usage of such products as
AFP Workbench, ImagePlus, and all the docu-
ment imaging systems defines new requirements
for the electronic form of the document. Figure 13
diagrams a document-imaging system with a sam-
pling of functions. The document-imaging sys-
tems listed in Table 3 implement MO:DCA-P, either
directly or through import.

Document-imaging systems are an excellent bell-
wether of the document environment for two rea-
sons. They are a natural solution for any business
needing records management, archival facilities,
or customer service,' a wide-ranging class, in-
deed! Second, they are a general case of many
different simple document processing configura-
tions. The workflows and work products repre-
sented in these systems may be very different,
stretching the electronic-systems capabilities in
various directions to meet business needs. The
stretching is the force that will cause the intro-
duction of new technologies. As users lead prod-
ucts and technology into the future, it will be the
adaptive that survive and the responsive that ex-
cel.

Summary

The history of the electronic document has been
traced from an AFP perspective. Viewing, in par-
ticular, has been described to demonstrate how
products and architecture are responding to in-
creased demand for function. Specific examples
in AFP Workbench, ImagePlus, and MO:DCA-P
were used to illustrate expansion into new areas
beyond print. And finally, prospects for the future
of the electronic document were offered, showing
the electronic document as the key to effective
workflow in the establishment.
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Table 3 Document-imaging systems implementing
MO:DCA-P

Alpharel, Ine. DDTMS

Computron Technologies Corp. Epic/Workflow

Hewlett-Packard Co. Advanced Image
Management System

IBM ImagePlus
Image Business Systems Corp. IBS Image System
SAIC MOSAIC

Friends, FriendsPlus

Scan-Graphics, Inc.
OmniDesk

Sigma Imaging Systems
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