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Abstract: To create contents, documents and their components for various
digital media is a complex network of three basic resources: interactive human
work at design workstations, networked communication between the stages of
production and, finally, the control of powerful output devices, printing systems
and network delivery tools. There are very few vendor-neutral tools to configure
and control the work flow. The basic level is to capture the production data from
the subsystems. Another layer is needed to connect the subsystems to transport
the captured data for analysis, monitoring and database reporting. There are
some early examples of global production management databases and workflow
software which are briefly reviewed. The risk of configuring a monolithic and
unique solution for production management is obvious. Recommendations and
policies are made to guide the system approaches for scaleable workflow and
production control.

Introduction

Several research groups and projects {1, 2, 3.4, 5,6, 7.8, 9. 11] have begun to
define the basic concepts of production management and its key issues. such as
the production chain, work flow, data capture, tracking of events, messaging,
intersystem control and scheduling. This relates to the trend towards completely
digital production systems and to a more liquid flow of data, files, information
and media elements into various media.

Today, it 1s better to refer not only to digital media production but also to new
structures in the business information and data processing in general. Davenport
[10] mentioned tracking as one of the key factors in the “Impact of Information
Technology on Process Innovation”. He understands by tracking, as he says,
“closely monitoring process status and objects” which is a somewhat wider
interpretation than the common definition of tracking in the production.
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In the system evolution and penetration, tracking, messaging and control
between the processes and their subsystems are logical steps from isles

of systems to networked systems. At the same time we can separate at least
three integration trends:

« Linking between the subsystems of the production chain for tracking,
messaging and intersystem control or other functions useful in production
management or data management [2]. In the media production, formatted files
or job components need a local area network or a virtual LAN (VLAN) for the
work flow and for digital data management. Now, this media work flow and the
respective large data stores and servers must be managed.

+ Linking between the archipelagos (LAN or VLAN connected systems) of the
business, marketing and administration systems |2, 4} and the systems of the
production chain. The production is often an expensive set of resources and
requires reporting to the business management.

* General departmental data processing, normally client/server systems,
integrated into the companywide or intercompany solutions with joint business
rules, software distribution, data warehousing, data security, directory and
management services [17].

It is important to remember that a companywide infrastructure, e.g. a VLAN
and some shared services, such as e-mail or file delivery, do not imply any real
messaging tools dedicated to production management. Production management,
i.e. the PMS | is a wide spectrum of modular systems [1, 2, 3, 4, 8, 31] with
many links ans interfaces between departments or companies.

The interface between publishers and printers - the Press Frontend [2] - and in
general the servers and file archives in the media production are typical key
nodes, often bottlenecks. in the processes and networks. The PMS also includes
many functions to improve the work flow and timing of the processes [1. 2, 3].

Another important trend is towards branching and parallel structures in the
media. Publishers have to design products from the same basic information
material for several distribution media (e.g. print, CD-ROM, WWW)}, The
production network must support this kind of branching which in fact takes
place in early product stages, i.e. before the editorial packaging processes.

Alternative outputs are also possible in the press frontend systems. For the
print media we may use film recording, direct platemaking (CTP), various
proofing alternatives (e.g. before and after the imposition) and digital printing
{2,9. 31]. To do this in a single company with specific products needs well
controlled and complex work tlow, i.e. the production management.

This paper is a review of the data capture and messaging architectures to be
developed for data management and media production. The messaging of
production data is considered as a primary function for any PMS [1]. The
production data, e.g. the events in the process states, have to be captured from
the subsystems and this can be done automatically rather than manually. by
the keyboard or click commands of the production staff.
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It is easy to see that there are analog problems with the PMS for the different
media [16]. There may be some primitive log functions in the systems but total
workflow management is a more ambitious and difficult goal. There are only
few commercial systems for prepress. printing and web media and no major
markets since the users - professional media producers - are only beginning to
feel the pressure and the expense of not having an adequate workflow, resource
and data management [12, 16, 17, 18,21, 22, 23, 31, 32].

Management and Data Management

Production management and PMS are a part of the business management [1].
They tend to become key factors in system integration since they are one of the
first concrete needs for interconnection and messaging of the systems. We shall
discuss the levels and types of messaging in the system environment in the
subsequent chapters. Let us first look at the question: What must we manage?
In Fig.1 we have four categories or ares to be managed in a media company.

Data Information

* Databases « Mail, telephone, fax and e-mail

* Spreadsheet applications » News, professional news, press releases
+ Spreadsheets. Tables * Commercial and market information

» Servers, Client/servers * Web info: Browsers, search engines,

* Data sources, sensors information filters, agents and services
Contents for media Processes and production

+ Text, image, media files » Production resources and costs

* Structured documents * Projects, batches, products and jobs

* Portable documents * Transactions, states and events

» Media-specific products * Schedules, deadlines, routing and changes

Fig.1 Categories of data, information, contents and processes to be managed.

In the case of media, both the raw materials and the product are information.
Data management is here a tool for managing input, processes and output. We
have to expand our views from the conventional concepts of data management
to understand also the information/data, process/data and content/data relations.
This will gradually lead to object-oriented systems. aimed at defining and
modelling complex systems [20] such as large media production systems.

Like in many other areas, the amount of data to be managed increases rapidly.
A system environment commonly lacks disk, server, database or network
capacity. Due to some fundamentals in the structure of many basic formats, the
files are large, or they expand in certain processes when their data compression
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is decoded or their links are opened. This is typical, for example. of the
PostScript files, the most common code for pages, and of more covering
codes of the larger-than-page elements (LPEs). We do not define this LPE
concept here but take as an example large, post-imposition signatures
corrersponding to large press sheets, e.g. in size B1. They may contain
numerous pages and in all four process colours.

As pointed out [1, 2, 4], data management has to be applied very efficiently in
an environment like the backend of the publisher and in the Press Frontend [2]
where many jobs are processed and LPEs dominate. There is a new market for
systems in the commercial printers” frontends. This market includes job servers
and databases as well as imposition and output file preparation software such as
trapping. proofers. file checkers, and naturally OPI servers and RIPs [1, 9, 16].

The next question is; How must we manage? Most data, files. jobs and objects
must be held, at least on servers. Holding and deleting routines must exist.
Some data need databases. Filtering and conversions from one format to
another are common operations. Packaging, linking and combining are also
usual [13, 15, 16, 22]. Delivery and transmission are automated in some cases.
Finally there is also a real need for production management, the PMS.

We have to know what the media elements are (identity, structures), where they
are (location, logistics), in which process state they are on a certain moment

and how high the direct costs are. Then we compare how these observed or
tracked facts relate to our budgets, schedules and deadlines. If we do not
manage all this, we may plan and execute our production in a less precise
manner and achieve good results only by chance and with much confusion.

The following chapters deal with potential data management and messaging
architectures for production management.

Middleware, Data Access and DB Connectivity

In the production, we have to use a large variety [16] of applications. ranging
from shrink-wrap packages for DTP to larger, more integrated/complicated and
dedicated software for editorial or printing departments. Many PMS software
components, and subsystems are embedded in the hardware and many are
deeply integrated both vertically and horizontally [14, 15, 16, 24, 31].

We do not show here a complete topology of the various production systems.
[nstead, we view the various levels of the systems in the media production from
the angle of production control and automation.

In Fig. 2 we approach the problem from the tracking angle. The basic timing of
production and process events must be captured from the applications, i.e. from
each process and subsystem throughout the production chain [1. 2, 3]. Besides.
messaging, PMS databases, analysis and reporting [ 1] must be included in the
different forms of the PMS modules. Fig. 2 does not give any detailed
architecture for thew way these systems are connected or share their data and
reports. It shows roughly the categories observed and inevitably needed in the
PMS. i.e. production management.
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High-end Media & Prepress Systems [16, 24]: Dedicated but
application and DB compliant (e.g. Word+ QuarkXpress +
SQL based publishing systems) which include PMS and time
control and which may contain some essential parts of the
lower levels. Typical of large media companies.

Production management systems, PMS, as separate global
systems [16], e.g. Covalent, Print Flow [22] and Grafi-Data

Messaging and delivery

File delivery and workflow messaging applications
such as First Class, Adobe Virtual Network or Lotus Notes,
or larger enterprise middleware [17] packages, e.g. the
Connection/Open Horizon or DCE/Transarc Co [21].

Data capture and identification

Modules for creating, formatting and exporting
production and tracking data, e.g. the IFRAtrack
and its IMF [18] or the CIP3 [19]

Process data sources

All production systems and control systems in the media
production chains including DTP Systems such as PageMaker,
PhotoShop, FrameMaker+SGML, Multimedia Authoring and

Web Site management systems and portable documents such
as Acrobat [32] and their Plug-ins, or portable colour tools

Fig 2. The categories of systems for the PMS, tracking and production data
messaging showing data source, capture and middleware layers and the highest
more global layers, high-end integration and embedded PMS and their DBs.
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It is not easy to integrate the PMS on all the levels mentioned in Fig. 2 . This
“management burden” was stressed by e.g Leinfuss [17]. It should be pointed
out that the companywide computing is taking its first steps and very few
examples and references [17] can be shown of such a advanced activities as
companywide data warehousing, business rules management, marketing and
distribution data control [10, 21, 31]. 1t is clear that database access and
security issues will become more important, and DCE middleware [17, 29} and
Internet technologies [26., 27, 28, 31] are set up to solve these problems.

Layers of Networks and Messaging

Tt is useful to separate the upper layers of data messaging from the more basic
ones as shown in Fig. 3, e.g. by using the Open Systems Interconnection, OSI
layers. The local area network (LAN) has its physical, link and router layers
(OS1 layers 1, 2, and 3). With these we need network protocol layers, e.g. the
TCP/IP (OS] layers 3 and 4), a de facto industrial standard today.

OSI Layers  Task Medium or Protocol
7 Applications  SMTP, file delivery , browsers, middleware
6 Presentation  File formats , e.g. Word, HTML, PDF, EPS
5 Connections  FTP or WWW
3-4 Transfer TCP/TP
3.5 Network services, e.g. leased lines, Internet or ISDN
1-2 Physical and L AN segments, modems, links, optical
link layers fibre, cables, radiowaves

Fig. 3 The OSl1 layers of communication and the media

Using a defined file exhange infrastructure (layer 1-5) the network services
create and maintain connections like the FTP or WWW. Above these
{presentation, layer 7) we use identified, i.e. formatted data files such as Word
(or other text file formats), PostScript, EPS, HTML, PDF (the Portable
Document Format related to the Adobe Acrobat™) or the image format
TIFFAT. Some of these are official standards, some belong to the MIMEs
(Multipurpose Internet Mail Extensions), while all are common.

All the above listed formats are content-related graphic or web formats. For the
PMS. data capture and formatting must be automatic. This requires special
formats for e.g. tracking or production control , such as the new IFRA Message
Format (IMF) defined by the IFR Atrack Group [18] and the CIP3 format {19].
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Weshall analyse the use and integration of the tracking and PMS formats in the
chapter “Production Data Messaging”.

Data access is a problem at both ends of the tracking function. In the
workstation and application, in which the job to be tracked is processed, we
must create these formats. This is described in detail in the basic IFRA
Specification [18]. We have to identify the event which is the change of the
process state, stamp its time and form an identification and an envelope before
this formatted message - in this case an object - can be sent to the production
database or to other PMS modules [18]. There it is parsed and used for
constructing events/timetables of the observed process events and for
comparisons with the planned or scheduled data.

In the mid 1990s, the Internet software category of easy-to-use freeware was
invented. The browsers were introduced and the World Wide Web service
{(WWW) begun to explode. While this explosion continues, we can record
another fairly natural use of the network service www. These applications are
called intranets [25. 26, 31] which means using the Internet www service as it
is, as a network service, but redefining and separating it further to form specific
and private networks, e.g. for data and file distribution, for marketing, or for
component and job delivery.

Specific, Secured and Private Networking

Intranet applications are secured and separated applications on the existing,
robust and cheap www infrastructure which the companies need for the Internet
communications anyhow. This solves many common data management
problems, such as multiplatform support, data distribution, and certain basic
levels of the PMS, i.e. the connectivity, addressing, file delivery, DB access and
partner links [26, 27, 30, 31].

The intranet software will deploy HTML., browsers and form-based transactions
with the users, or automatic data capture and multi DB access in various
combinations with the existing group or middleware [26, 29]. A large company
certainly needs to define several intranets for their marketing, partnerships.
distribution, production tracking and control, Browser-level integration of
various applications, e.g. Java applets, makes it possible to interact with the
users in a number of new ways [26, 27, 28, 30. 31].

Browsers include many groupware and transaction functions [26, 28]. Itis not
only the Internet but also the internet technologies (browsers, Java, web servers,
intranets, APIs, ODBC and JDBC, MIME, forms, HTML, Acrobat, PDF, web
site builders, NNTP, IMAP) that are under development. The browser is a
familiar and cheap interface and its position as the www client is unique.

There are examples of how to combine shrink-wrapped DCE middleware [17]
including multi DB access, security, directory and application services [29, 30},
with the Java applets, and to define the client/server roles so that the client
gets a more functionality without any too heavy server roles.
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It is self-evident that media producers - i.e. both print publishers and web
publishers - are interested in systems which are open and scaleable. Standards
have been adopted relatively late and therefore the web publishers have a big
advantage: they get integrated products where the integration has been
accomplished by deploying international standards (i.e. formats and OSI layers)
on the application, presentation and network levels, as pointed out above.

The socalled Internet technologies listed above combine standards and new
integrator software. Print media have their peculiarities and companies still use
many dedicated systems. This was pointed out by Tribute and coauthors [24] in
his analysis of the state of the art in editorial systems in Europe where only a
few vendors based their systems on common Word and Quark Xpress, e.g. the
Table on page 3 of ref. [24].

To use and promote openness remains a users” problem but the direction is
clear. Print media system users and vendors must adapt to the same data
architectures as those used in the production of web media (Fig.3 and Fig.4).

User applications on the server (and its clients)
Security and management capabilities, revision control,
SNMP (network management) and reporting

Java & JavaScript object framework
Java classes, user state management, 1O calls

Java Virtual Machine, Java runtime EN

Operating systems
Windows NT Unix

Server Hardware

Intel x86, MIPS, Alpha Sparc, MIPS, PA, RS-6000, Alpha, x86

Fig. 4 The Netscape Enterprise Server™ is one of the servers of the SuiteSpot
family planned {30] to integrate flexible Internet technology into the enterprise
and web publishing environment, to improve scaleability and to deploy the
concept of open servers.

A good example of how the leading browser vendor Netscape addresses the
corporate messaging and server problem is the new Enterprise Server, referred
to in Fig. 4. Running on Windows NT or on any Unix server it adds on many
rather advanced www server and corporate functions based on the socalled
“Java virtual machine and Java object framework™ [30].
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Production Data Messaging

In the previous chapter we reviewed potential tools for production data and file
messaging, and mentioned some important vendors and approaches. This was
done with references to both print and web media production. Now we may go
back to the basics of the data messaging, i.c. antomatic data capture from the
processes using vendor-neutral and identified formats.

For any practical integration work, we have to get the data on the process events
from DTP applications or from the other control systems {33) of the production
chain. The IFRAtrack approach uses a vendor-neutral format, the IMF, to be
transmitted by sender modules and parsed for a database analysis and reporting.
This approach requires software development for the modules and application of
the DB parsers [18].

There are a number of projects which apply the IMF in real production
conditions [12, 31} but it is too early to state whether the tracking will be
adequate and useful when using the IFRA approach. The experts participating in
these projects and the members of the [FRAtrack Developers” Group will report
on the system development later. The [FRAtrack Developers” Group can be
contacted on <htip://www . gt.kth.se>.

It has been possible to track events and timing in the simulators of newspaper
production [3. 11, 12]. Many dedicated systems already include tracking and
workflow features [3, 14. 15, 16, 20, 22, 23. 32, 33]. The next step is to broaden
the scope of data capture. The quality parameters, waste control and colour
management have been mentioned {1, 2, 3. 7]. The embedded solutions are
common in the press and postpress control systems and in the plant-wide
systems [[4. 33]. Even in those cases the systems may be developed to use
tracking formats and interchange production data.

The openness 1s often very limited in the control systems. It is based on the
lowest layers of the OSI model. The Allen Bradley and Honeywell process
control systems have been built on the CAN [33] specification which is a
fieldbus corresponding to the same OSI layers than those of the LANs. e.g.
Token Ring and Ethernet. The higher layers of industrial control systems have
more open interfaces and subsystems. such as SQL-compliant databases or
common Windows PCs. Connecting such layes for tracking is much easier.

Finally we have to propose an architecture for a modular and open tracking and
PMS system in the media production. Fig. 5 and 6 show no exact infrastructural
features of the fundamental data management components such as the LAN,
VLAN. ATM backbone or the DB applications. Neither are any precise system-
to-system interfaces shown. The categories listed in Fig. 2 and the OSI layers
of Fig. 3 are useful to show the interfaces and the compliancy.

In real projects of this nature the existing systems have to be mapped and the
final approach must be tailored to support and link the existing solutions and
applications [31]. In Fig. 7 we show some principles of data capture. formatting
and messaging from the data sources to the PMS databases.
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Manual routines /~
e Media Dbs

and servers

Applications: DTP
— and press frontend
OS/NOS on various WSs

C/8 messaging or
DCE middleware
for supporting the

LAN tracking and PMS
Production tracking
and management
system and its DB
VLAN

Automation & control systems, their
CAN based messaging, CIM & DBs

[ Machines: e.g. presses, stackers and paper handling J

Fig. 5 Tracking and production control are based on object formats [18. 19]
and respective parsing, DB analysis and reporting. Client/server groupware and
messaging [32] or more powerful DCE middleware {17, 29] are useful to
support connectivity and DB access in the numerous subsystems which are the
production data sources, e.g. DTP, press frontend, press and postpress control
systems. A simifar system structure could be based on intranets, a private
network between separate companies. Unlike in the web site production (cf.
Fig. 6} the printing plants use CAN based [33] or similar fieldbus + CIM
applications in which tracking is possible on the DBs through the SQL
compliancy. The IMF format senders [ 18] are distributed in the subsystems or
over the clients of the middleware [17, 30, 31].

The production is basically similar in the print media and the web media as
long as the latter is not yet using many time-based components such as sound
and video clips. The distribution of video based products will require very high
capacities. Fig. 6 shows system types necessary for the tracking and production
control of web sites. Storing and serving reusable components and jointly
print/web compatible formats, such as PDF [32], are typical needs, at least for a
publisher who offers services on both print and web basis. In web media.
partnerships are more fundamental because of hyperlinking.
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Manual routines
Media managers

and servers

C
-
Applications: DTP,
HTML and PDF
0OS/NOS editors, media
components and
authoring
C/S messaging or !‘
DCE middleware |
for supporting the
LAN tracking and PMS
VLAN, Production tracking
ATM or and management
FDDi WWW site system and its DB
backbone N

Web site management software,
web servers, their DBs, firewalls,
access and version control

Fig. 6 Web publishing uses manual routines, DTP, web format editor software
and multimedia authoring to offer and distribute services on the web sites which
need management since the web documents are linked dynamically. Production
tracking can be to a certain degree similar to print media production (Fig. 5) at
least at the beginning of the production chain (editing and design). Intranets and
other Internet technologies will make web publishing more flexible.

The tracking requirements and control principles of web sites differ from print
media in many respects, e.g. the hyperlinks, real-time processes, and version
and updating mechanisms. Web publishing is still new and experimental. Since
the regular income is rather limited, the systems have to be built up gradually.

In Fig. 7 we point out that there are numerous alternatives {17, 18, 19, 29] of
constructing messaging and PMS applications in a scaleable and flexible
manner. The PMS modules and functions should not cause any problems when
frequent changes have to be made in the basic networking and data management
of the enterprise. A large project called VIRTU (Web Publishing and Virtual
Production). involving several print publisher companies and VTT Information
Technology, will study the formatting, messaging, networking and data
management problems in the media production [31].
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Application Middleware PMS and DB

A. IFRA modules (18)  e.& TMC/IP « SQL database
+ IMF generators as or other network
SQL clients in all service
subsystems
B. DTP + IMF
Press frontend
sAVN client*® « AVN* on « SQL database
*IMF generator c.g. TCP/IP

C. DCE supported
middleware (17):
« ODBC links « TCP/IP with « Multiple Dbs
* IMF generator “enterprise C/S” with business
+ secured services  logic & COBRA

D. DTP + Adobe (32)
press frontend (Open) .
AVN client -'Adoba: Virtual + Adobe Open
Network (server) with a PMS/DB

Fig. 7 Examples of production data messaging : As IFRA has pointed out [ 18]
there are several alternatives to send e.g. the IMF (IFRA Message Format) from
subsystems and applications over the LAN or VL AN to the database of the PMS
software. Middleware, such as AVN* (Adobe Virtual Network).or heavier DCE
middleware (17, 29, 32) may be useful, as shown in cases B, C and D. Adobe
plug-ins could make the press frontend (in case D the Open™) a proper and
adequate site for PMS and database linking to other systems or DBs.

This paper does not make a direct reference to the software solutions of the
development projects {12. 31]. We have pointed out the needs for proper data
formatting. messaging and databases. The role of object oriented methods will
be obvious in most future media production systems. The LPEs (larger than
page elements) are often formed relatively late - i.e. in the press frontend and
imposition. This makes the impesition very central production stage in the print
media production control. Signatures must wait for pages, and on the other hand
they are formed just before the output on film or on plates.

Conclusion

There are several techno-economical reasons for using tracking in the media
production processes and for constructing database and messaging applications
for the production management. the PMS. The production data (events and
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parameters) has to be captured from the subsystems, which are €.g. the key
workstations of the publishing processes. the press frontend and the control
and automation systems of the web sites or those of the printing plants.

The data may be simple log tables of the file transfer traffic. or preferably
structured messaging formats, e.g. the IFRA Message Format (IMF). The
structure of the trackable objects must be identified from the product/production
environment.

There are numerous middleware and messaging tools for data access. security.,
connectivity and database linking in a more standard manner. The layers of the
Open Systems Interconnection , OSI framework. help us to understand on which
level of the communication protocols the numerous tools and standards are.

More and more production communications and messaging are available as
integrated OSI stacks up to the network services such as the www or higher.
The integrated features of the application layer software, such as web browsers
or middleware, are very useful. Intranets will be used widely in production
management. The scaleability and flexibility of these product or customer
specific (secured and private) networking tools offer great benefits.

Web publishing may use similar static material (text. image, database) as the
print media. Time based multimedia products and components. such as video
and sound. are still under development. Linking them in web services is possible
but it will require capacities not quite available on every desktop. Web media
production has its information sources and partners in similar businesses as the
print media namely publishing and advertising.
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