DEC @d ance-Integration of Desktop Tools and
Manuf acturi ng Process |Information Systens

1 Abstract

The DEC @d ance architecture supports the integration of nmanufacturing
process information systenms with the analysis, scheduling, design, and
managenment tools that are used to inprove and manage production. DEC
@34 ance software conprises a set of run-tinme libraries, an application
devel opnent tool kit, and extensions to popul ar spreadsheet applications,

all inplenented with Digital's object-oriented Application Contro
Architecture (ACA) Services. The tool kit hel ps devel opers produce DEC
@d ance client and server applications that will interoperate with

ot her independently devel oped DEC @G ance applications. Spreadsheet
extensions (add-ins) to Lotus 1-2-3 for Wndows and to M crosoft Exce

for Wndows allow users to access real-time and historical data from DEC
@d ance servers. Wth DEC @d ance software, control engineers and other
manuf acturi ng process professionals can use faniliar desktop tools on a
variety of platfornms and have sinple, interactive, and transparent access
to current and past process data in their plants.

2 Introduction

At a chenical plant that has been produci ng nylon using the sanme process
for over 35 years, the lead control engineer told an interviewer that what
he likes about his job is that "it is totally different every day."[1] To
an outsi de observer, the operation of a process plant, such as a refinery
or paper plant, appears to be an unchanging flow of materials into a
tightly controlled and repetitive process that produces a continuous

fl ow of unvarying product-24 hours a day, 365 days a year. In reality,

the operation of these plants is far nore conplex and chal |l engi ng,

i nvol vi ng constant adjustment to changi ng conditions, aging equipnent, and
variations in raw materials, as well as constant nonitoring for equipnent
mal f uncti ons.

The operation of a large process plant involves the functioning of numerous
val ves, switches, punps, other actuators, and sensors neasuring and
controlling the levels, pressures, tenperatures, and flows of various

mat eri al s through a conpl ex series of pipes, tubes, tanks, and vessels.

In addition to detecting and nanaging failures in these conponents, a

| arge proportion of the personnel in the plant is involved in process

and product inprovenment. The personal conputer or workstation and

an array of sophisticated desktop tools allow data to be anal yzed,

vi sual i zed, mani pul ated, and explored in ways that support creative
probl em solving. Getting tinmely information about the process into the
appropriate problemsolving tools is, however, difficult. This paper begins



wi th some background about nmanufacturing process infornmation systens
and the need for access to system data. The paper then describes the
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devel opnent of DEC @d ance software and the choice and use of Application
Control Architecture (ACA) Services to solve the problem of integrating
i ndependent |y devel oped applications in the manufacturing space.[2]

3 Background

In large manufacturing facilities, the production process is controlled

t hrough the use of advanced automation systems. These systens nay track

t housands of tenperatures, flows, pressures, and levels and can drive

hundr eds of punps, valves, and other actuators. To inplenment control
strategi es, such systens may conpute | arge nunbers of conpl ex, dynamc
control algorithms. Usually, additional systens nmeasure various physica
properties of the product, such as color, weight, viscosity, thickness, and
noi sture content. Supervisory control systems often coordinate parts of a
conpl ex process, as well as inplenment higher-level control and production
strategi es and keep historical records of key process vari abl es.

The control of a large plant is usually inplenented through strategies
that allow the control problemto be divided into snmaller parts, as
illustrated in Figure 1. Each piece of the systemis responsible for

the control of a subsystem (e.g., steam generation and distribution

or cooling fluids), a part of the process (e.g., prem xing, materia
storage, or reaction), or an area of the plant (e.g., packaging |ine,
product stream or finished goods nmanagenent). Wthin each subsystem
there is typically a hierarchy of control. The | owest-|evel conponents
control activities that require responses within | ess than a second

to as nmuch as one nminute (direct control). The next |evel of systens
control activities that require responses within | ess than a few m nutes
(distributed control). Above this level of response are systens that
control activities that may not change for |ong periods or that inplenment
control algorithnms that involve neasurenments from nore than one | ower-

| evel system (supervisory control). At the plant level, additional contro
systens may exist to inplenment control algorithns that reflect changes
in the markets for products, market opportunities, and fluctuations in
raw material availability and conposition, along with the infornmation
about the process that is supplied by the | ower-level systens (high-Ieve
control). Scattered anong these | evels may be various additional systens
t hat schedul e preventive maintenance, identify equi pnent failures, and
advi se on process inprovenents-all based on information about process from
the other systenms in the plant.

Di stributed control systens include an operator console that consists of

mul ti col or displays, push buttons, warning lights and buzzers, a touch
screen or trackball, and industrialized keyboards with as nany as a 36
speci al function keys. The displays allow an operator to oversee all parts
of the process for which the operator is responsible. Typical displays show



recent trends of key variables and mmc diagrams showi ng the current state
of the manufacturing equipnent (e.g., valve positions and tank |evels) and
of the material flow ng through the process. The keyboard and other input

devices allow the operator to select displays, request reports, and nodify
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control settings. Response to problemor alarmconditions and nodification
of the process to change the product are effected through the console.

Process operators are responsible for naintaining the routine operation of
a plant. Operators use the control systemto change process paraneters in
order to produce different mxes or variants of the product, or to respond
to an equi pnment failure by rerouting material around nonoperational process
equi pnent .

To performtheir functions, manufacturing plant production and engi neering
support personnel (e.g., control engineers, process engi neers, production
supervi sors, production planners, maintenance supervisors, and
manuf act uri ng engi neers) al so need access to information in the contro

and supervisory systens. These professionals regularly access information
contained in nmultiple manufacturing systens and have an occasi onal interest
in particular nmeasurenents or paraneters within other parts of the process.
The functions of these manufacturing plant personnel include

o Conpl ex problem anal ysis and solution. Locating sources of product or
process variation involves analyzing information fromdifferent parts
of the process that may be under the control of different automation
systenms. Conparing the flow that exits one part of the process with the
flow that then enters the subsequent part, for exanple, could disclose a
faulty flow neter, a previously unknown tenperature control problem or
a | eak.

0 Product inprovenent. |nproving product quality and consi stency invol ves
i nvestigating how the product is affected by existing variations in
the production process. For exanple, investigation nmay involve the
study of a process variable that cannot be neasured directly but can
be calcul ated fromthe val ues of other process variables. Exani ning sets
of variables over tine and exploring possible relationships may result
i n discovering conbinations of process variables that yield unexpected
ef fects on product attributes.

0 Process inprovenent. |nprovenents in process yield and process
reliability and reduction of waste and hazardous by-products may
i nvol ve the study of historical data values fromthe process. Studying
measurenents obtained frommultiple control systens nmay also result in
process inprovenents.

0 Resource optimzation. Usually, process plants are capabl e of producing
di fferent grades of product, as well as m xtures of end products. An
oil refinery, for exanple, produces various grades of fuel oil and al so
home heating and lubricating oils, all froma single process. Wiile the
operators adjust the equipnent to control the product m x, a process
pl anner or production manager determ nes the best production schedul e



based on custonmer orders and the efficient use of the process equi pnent.
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Process information is available to operators and engi neers who are trained
to work with the various control and nanagenent systenms in the plant.

Using proprietary tools for each systemallows reports to be generated

and specific types of analyses to be perforned on the data contained within
each of these systems. However, extracting the data fromthese systens to
an engi neer's desktop for analysis by generic tools, such as spreadsheets
and statistical analysis packages, is difficult or even inpossible. Lack

of console- and tool-specific training is another obstacle to accessing
process i nformation.

Manuf acturing Process Information Systens and Desktop Systens: Goals and
Barriers

Production and engi neeri ng support personnel want to be able to use

the desktop tools of their choice to explore and analyze data from

manuf acturi ng systens. Spreadsheets, sinulation tools, report generators,
visualization tools, statistical analysis tools, planning tools, charting
tools, and graphic-generation tools have all become accepted parts of the
array of conputer-aided techniques and tools available to the contenporary
know edge worker. The interactive, easy-to-use graphical user interface,
which can run on rel atively inexpensive platfornms under the conplete
control of the end user, has not only encouraged the wi de use of these
desktop tools but al so enhanced their effectiveness. These tools stinulate
professionals to creatively explore the character of |arge amunts of

data and thus support the discovery of previously unexpected patterns and
rel ati onshi ps.

The further an end user's primary function is from production, the nore
likely it is that such a user will want access to nultiple systens.
Systeminterfaces, which may differ widely and are generally oriented
toward production use, discourage users from nmaking ad hoc inquiries

into the system Consequently, manufacturing systemdata nmay not be easily
accessible to users of the many desktop tools avail able for such purposes
as decision support, research, analysis, and sinulation.

Today, the use of data fromthe manufacturing process in planning,
reporting, and nanagi ng the operation of a plant is hanpered by the
difficulty in accessing the data from plant control and process information
systems. It is typical for a production supervisor who needs data from

a control systemto request the data froma process operator. Once in

hand, the data is then nmanually entered into a spreadsheet or other desktop
tool for analysis. The results of the analysis often require entering new
paraneter values into the control system This task is typically perforned
by another person, trained to use the control system who transcribes

the values froma hard copy of the tool's output. The process is tinme-
consunming, costly, and error prone. Problemsolving activities are limted



to those that can justify the trouble and expense involved in sinply
accessing the data.
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Exi sting Integration Efforts

The desire to use data fromthe control systens to analyze and inprove
t he understandi ng and control of the manufacturing process has spawned
a variety of efforts since the late 1980s. This work has attenpted to
ease the transfer of infornmation between conputing systens and contro
systenms. However, the resulting products and standards are not oriented
toward supporting ad hoc inquiries and, therefore, are not w dely used.

Many currently avail able manufacturing systens may be connected to the

pl ant network, but without standard higher-level interfaces, access to
these systens remains linmted.[3-7] Through such network connections, sone
manuf acturi ng systens provide |linmted access to OQpenVMs and/ or DOS system
users. However, the access is typically restricted to the use of unique,
proprietary programing interfaces or to proprietary tools targeted at
perform ng a manufacturing-related function, such as statistical quality
control. Usually, interfaces are supplied only on a specific operating
systemor on limted versions of a specific operating system

In some systens, it is possible to extract a table of data values into

a file using a cormmon representation and file format (such as Lotus

Devel opnent Corporation's WK1) that can then be inported into a spreadsheet
on an | BM conpati ble PC. This techni que obvi ates the need for hard-copy
output and sinplifies transcription but still requires that a speciali st
extract the data using proprietary interfaces. In addition, the data may
need to be converted fromstring to nuneric format to be usable within a
particul ar spreadsheet.

The International Organization for Standardization standard Manufacturing
Messagi ng Specification (1S9506 or MVS) addresses the problem of data
exchange between applications and dedi cated manufacturing systens
(referred to in the standard as nmanufacturing devices).[8] Although sone
manuf acturers of progranmable controllers (that is, dedicated contro
systenms that are primarily used in discrete manufacturing industries) offer
MVS capabilities, the process industry manufacturers and their contro
system suppliers have not w dely accepted MVS. Use of the standard has
been perceived as expensive, inefficient, and oriented primarily toward
the needs of discrete manufacturing. A conmittee of the Instrunent Society
of America (ISA) is devel oping a conpani on standard (I SA 72.02) to use
with MVS in comunicating with distributed control systenms in process
manufacturing.[9] An inportant aspect of this proposed standard is a data
nodel that describes the organization and types of data in a distributed
control system
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4 Requirenents for Integration

Digital designed the DEC @Q ance architecture not to be a generic
application integration nechani smbut rather to support the integration

of popul ar desktop tools with nmanufacturing process information systens.
An application that conplies with the architecture can be installed on
any systemwthin a network, run, and i medi ately exchange data with other
conpliant applications. Sone key characteristics of the environnment that
hel ped to drive the architecture are

o Miltiple vendors. Although, MsS-DOS personal conputers are the
nost popul ar desktop environment, VAXstation, Macintosh, and UN X
wor kst ati ons have a clear presence in particular departnments and in
certain large custonmer sites.

o Miltiple software devel opers. The applications to be integrated are
products of many conpani es that build manufacturing systens and desktop
tools. The software devel opnent groups in these conpanies focus on
core application and human interface issues rather than on integration
i ssues.

o A large variety of desktop applications and user interfaces. Each cl ass
of desktop application has a different way of interacting with users.
Spreadsheets, for exanple, have very different user interfaces from
statistical packages and data visualization packages. Sone applications
have el aborate nmacro | anguages, whereas others are al nost entirely
graphically driven.

o Miltiple types of large networks. In the typical process manufacturing
facility, large networks are already in place. Wile nmany plants use
DECnet for their network, an increasing nunber of plants are choosing
to use the transnission control protocol/internet protocol (TCP/IP),
and sonme plan to migrate to Open Systens Interconnection (OSI) networks
(including Digital's DECnet Phase V) frommultiple vendors. PC LANs are
al so beconi ng popul ar.

o Conservative conputing strategies. Large manufacturing facilities cannot
afford to halt operation to nake major changes in their production-
rel ated computing systens and networks. Such facilities ook to
st andar ds- based products as a way of achieving stability and of ensuring
confidence in the longevity of a particular technol ogy.

5 Architectural |ssues

Sinply stated, the problemthat the DEC @G ance architecture attenpts to
address is, how can a set of existing applications running on heterogeneous



platforns, distributed across a variety of networks, and devel oped by

di fferent vendors (with only peripheral interest in integration) be easily
i nt egrated? A good understandi ng of both the nature of the applications

i nvol ved and how end users would use themif they were integrated is

i mportant for evaluating potential answers to the question.

6 Digital Technical Journal Vol. 5 No. 2, Spring 1993



of Deskt op Tool s and Manufacturing Process Information Systens

The applications that we considered integrating can be divided into two
groups: those that "own" manufacturing data, i.e., the manufacturing
control systenms, and those that are consuners of that data, i.e., the
desktop tools. Fromthe viewpoint of an end user, sonme aspects of the

rel ati onshi p between a desktop tool and a nmanufacturing control application
nmust be considered in order to acconplish work goals. End users in this
environnent are primarily concerned about the manufacturing process, the
equi pnment controlling the process, and the state of materials within the
process. These users have little or no interest in such aspects as network
t opol ogi es and protocols, operating systens, and byte ordering on different
har dwar e pl at f or ns.

Some nmmj or concerns of the end user that the architecture should address
are

o0 The identity of the manufacturing control system Generally, a |arge
plant is controlled through the use of several control systens,
each of which mght control a part of the process, such as refining
or packagi ng, or an aspect of the plant operation, such as steam
distribution or waste reprocessing. A particular data point resides in a
si ngl e manufacturing control system The user should be able to specify
preci sely which manufacturing systemis to supply the data values. The
architecture shoul d be capable of establishing a relationship with the
specific application that owns the data of interest to the user. The end
user should not have to specify either the network node, the operating
system or the hardware platformon which the application is running.
Nei t her should the end user have to specify the network communi cation
protocol s required.

o The length of the relationship between the desktop tool and the
manuf acturi ng control application. The relationship should be able
to remain active for multiple transactions to allow end users to
work interactively with desktop tools to explore possibilities. For
exanpl e, end users may want to exanmine different data points or the
sanme data point over various tine intervals. Thus, usage of a desktop
tool could involve rmultiple requests for data from a manufacturing
control application. Establishing a relationship between applications
over a network is tine-consuning, and therefore establishing |ong-Iived
rel ati onshi ps woul d be advantageous. The ability to continuously nonitor
a set of points and have their values reported on a time or change basis
is another desirable feature that would require the establishnent of
I ong-1lived rel ationshi ps.

o Miltiple access to the applications. Application relationships should
not be exclusive. Each application should be able to have concurrent
rel ati onships with several partner applications. Each desktop too
may require data from several manufacturing systems, and conversely,



several users of desktop tools may need to access the sane contro
system si mul t aneously. The rel ati onshi ps between desktop tools and
manuf acturing control systems is illustrated in Figure 2.
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0o The data nmodel. Applications should agree about how to reference
data and about data types. Wthin the context of this environnment, a
relatively sinple data nodel exists in the draft standard | SA 72.02.
Dat a shoul d al ways be converted to types appropriate to the |ocal system
and to the application. A spreadsheet user should not have to manually
convert strings into numeric val ues.

0 The user interface. Application integration should not require the use
of any particular desktop user interface, such as the X Wndow System or
DECwi ndows software, or even the existence of a wi ndowi ng system Al so,
the user interface of the manufacturing data application should be of no
concern to the desktop user.

6 Usage Mode

To hel p us understand how a user mi ght go about enploying the capabilities
that we were considering, we devel oped a sinple usage nodel. W based the
nodel on the scenario that an end user nmekes a series of ad hoc inquiries
into the state of a process. W assuned that the user was famliar with

t he manufacturing process but not necessarily expert in all the details of
the process. The user would know, for exanple, what the major areas of the
pl ant were called and what functions they performed but m ght not know the
internal reference identifier of every flow neter in each control system
We focused on how the user of a spreadsheet tool m ght reasonably expect
to proceed to get data into a spreadsheet and how services that we m ght
provide could aid in exploring the data.

The information within a manufacturing system consi sts of the nany
paraneters and neasurenents that the systemuses to nmonitor and control the
process. Cenerally, this data is organized into bl ocks, each one rel ated

to a particular part of the process, such as flow, |evel, tenperature, or
pressure. As the typical data block in Figure 3 illustrates, every bl ock
has a uni que nane or tag that can be used for reference purposes.

In control systenms, tag nanmes are assigned as part of the configuration
Large plants use a naning convention to ensure the assignnent of unique
tag nanes to the thousands of bl ocks spread throughout the plant and

over several control systens. In addition to the tag, the bl ock contains
attributes such as the paranmeters of the control algorithm neasured input
val ues, unit conversion algorithmidentifiers. The data nodel proposed

by the I SA 72.02 conmittee describes seven types of blocks, each with a
standard set of attributes with associ ated nanes and data types.

This usage nodel allows a user to easily determ ne the tag nanmes recogni zed
by a particular manufacturing system To exanine the data val ues associ at ed
with a specific tag, the user needs to know the valid attributes. (Al



bl ocks do not have the same attributes, e.g., an anal og | oop control bl ock
has nore attributes than a sinple digital nonitoring block.) Once the tag
nanmes and their valid attributes are known, the user can inquire about
current values as well as historical val ues.
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The use of operating prototypes, including simulated servers and a sinple
spreadsheet, advanced the devel opnent of the usage nodel. The prototypes
were shared with potential end users and application devel opers at customner
visits and industry trade shows. Feedback obtained from denonstrati ons and
di scussi ons of the usage nodel hel ped expand and refine the services.

7 Architecture

The DEC @d ance architecture defines two kinds of applications, a set of
services for accessing data in the control systems, a data specification
nodel , and sone basic types of data. The application classes are (1)

manuf acturi ng data servers and (2) clients. Typical manufacturing data
servers are the manufacturing control system applications. Typical clients
i ncl ude desktop tools such as spreadsheets and statistical analysis tools,
as well as production planning, production scheduling, and other production
managenent applications. An application nmay be a client in relation to one
application and a server in relation to another

A data point is specified to DEC @G ance applications by the nanme of a
server, a tag nane, and an attribute nane. A data point has a current val ue
and may al so have historical values (if the manufacturing system has a

hi storian capability). A current value is the npst recent avail able val ue
of a paraneter or neasurenment within the system A historical value is a
val ue that the data point had at sonme tine in the past. A historical value
is specified by the name of a server, a tag nanme, an attribute nanme, and
the tine associated with the val ue.

The services defined by the DEC @d ance architecture fall into one of

four functional categories: configuration information, data val ue exchange,
noni toring, or nmanagenent. Each service defines an operation that may be
requested by one application of a partner application. The services defined
are not necessarily the sane functions that an end user requests.

Configuration Information

One service is defined for requesting the tag nanmes that the server finds
in the control system s database. An additional service returns a list of
attribute nanmes that are defined for a specified tag name or a list of tag
nanes.

Dat a Val ue Exchange

Services are defined for reading and for witing current and historica
data point values. For current val ues, services support reading or witing
either alist or a table of data point values. A read or wite |list request
speci fies pairs of tag names and attributes. Aread or wite request

for a table of data point values specifies a list of names and a list of



attributes. The table of data points consists of all tag names paired with
their corresponding attributes. Both the Iist and the table requests can be
used to read or wite a single data point, collapsing to either a list or a
tabl e of one data point.
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By using the DEC @d ance services to get lists of tag nanes, attribute
nanmes, and data point values, and the nane of a server, an end user can
generate a wi de range of ad hoc queries w thout knowi ng rmuch about the
control systemin advance. A comopn data point attribute is the descriptor
whi ch characterizes the function of the data point, e.g., south tank |evel.
Thus, it is a fairly straightforward task to use DEC @G ance services to
build a list of tag names and descriptors that provide a basis for further
i nquiries.

The services for historical data values are defined to deal with

tabl es of historical values for a list of data points. Hi storical data
service requests specify a list of tag nane and attribute pairs and a
time specification that is applied to all the data points. The tine
speci fication consists of a start tinme, a tinme interval, and the nunber
of intervals for which values are to be returned.

Moni t ori ng

Monitoring is useful for reading the values of a set of data points at
intervals in tine or when a significant change in value occurs for any
of the data points. A graphical display programcan run on a desktop
system and nmeke nminimal use of the network and conputing resources
whi l e nmaintaining an accurate representation of what is occurring in

t he manufacturing process. Mnitoring could also be used to update a
spreadsheet at regular time intervals or whenever a particul ar process
vari abl e changes.

No standard definitions exist for what constitutes a significant change in
val ue. Definitions supported for various systens include (a) detection of
change outside of a specified range or "dead band," (b) change by nore than
sonme percentage of the previously reported value, and (c) change by nore
than some percentage of a fixed value. Therefore, the service is defined
to support nonitoring and reporting of changes on a tine basis or on sone
other basis that is specific to the data server application. Wenever the
requested nmonitor condition is fulfilled, the data server application uses
a nonitor update service to send the new data point values to the origina
client application. Since the server initiates nonitor update requests,
the usual relationship between the client and the server is tenporarily
reversed.

Managenent

Connecti on managenment services are provided to establish a connection, to
term nate a connection, and to test a connection
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8 Inplenentation Considerations

Usi ng existing networking and application integration technologies to

i mpl enent the DEC @d ance architecture was inportant both in terns of
reduci ng devel opnent efforts and i nproving conpatibility with existing
envi ronnents. Technol ogy used in the inplementation had to provide as
many as possi ble of the capabilities described in the architecture while
i mposing mnimal restrictions on the end-user operating and network

envi ronnents and on the devel opers of the applications. In addition, it
was desirable that the underlying technol ogies offer capabilities that
coul d support future enhancenents to the DEC @d ance architecture.

The DEC @d ance architecture all ows an existing desktop tool to be
integrated with existing manufacturing control systens, as shown in Figure
4. The architecture effectively conbines the functional capabilities of
the desktop tool for analysis, visualization, conputation, etc., with

the capabilities of the manufacturing control system for nonitoring and
controlling a manufacturing process. The individual applications were,

of course, originally designed and witten without any know edge of

each other's existence. Therefore, to facilitate integration efforts,

i mpl ementati on of DEC @d ance software should |ocalize and minim ze

requi red changes to the applications.

A network protocol such as DECnet, the transm ssion control protoco
/internet protocol (TCP/IP), or one of the |ocal area network (LAN)
protocol s could have provi ded the network services required for DEC

@34 ance's interapplication comruni cati ons. However, this approach | acks

a mechanismfor |ocating servers on the network, requires DEC @d ance

to support the nmultiple network protocols that exist in the manufacturing
envi ronnent, requires DEC @d ance to include data type conversion between
application platfornms, and necessitates the devel opnent of nonitoring and
managenment tools unique to DEC @d ance. A better approach is to use an
exi sting product that is available on an appropriate set of platforns,
supports an appropriate set of networks, and al ready sol ves these probl ens.

A renote procedure call (RPC) nmechani sm appears to have many of the
capabilities that the DEC @d ance architecture requires. RPC nechani sns
provide for |location of a partner or server application, and they provide
data type conversion and reliable network services. The RPC nodel of
application integration, however, is actually nore appropriate for the
distribution of a single application across multiple systems in a network.
This use inplies a sinple, static relationship between the parts of an
application: one part is always a client that requests the execution of

a procedure, and the other part is always an RPC server that executes

the procedure and returns the results. In such a relationship, each
request generates a single response. This nodel would be poorly suited
for supporting the DEC @d ance nonitoring service. Wen DEC @d ance was



bei ng devel oped, no comercially avail able RPC inplenentation ran on the
key platforns, the OpenVMs and M crosoft W ndows environnments. Furthernore,
no one had announced their intention to produce a portable inplenmentation
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that would be avail able on the wi de range of platforns that we considered
i mportant for future versions of DEC @Qd ance software

Digital's ACA Services was chosen as the basis for inplementing DEC

@34 ance software because it inplenents an application integration node
that closely matches the requirenments of the DEC @d ance environment. ACA
Services supplies many capabilities required of the integration nechanism
i ncl udi ng

o Abstraction of functions frominplenentations

0o The ability to encapsul ate existing applications

o Location of partner applications on a variety of networks

o Establishrment and managenent of reliable, |long-lived comunication |inks
0 The ability to easily add new applications to the system

0 The ability to easily install new versions of existing applications in
the system

o The correct handling of data type conversions between heterogeneous
syst ens

o Conmercial availability of portable interfaces on OpenVMS, M crosoft
W ndows, Macintosh, and a wide variety of UNIX platforns frommultiple
vendors

The class hierarchy capabilities of ACA Services allow the creation of

new conbi nati ons of applications integrated to provide new capabilities

wi t hout additional coding. Thus, a new class of server can be defined to
offer the capabilities of a DEC @d ance data server as well as additiona
capabilities. The ol der DEC @d ance servers would actually provide the DEC
@34 ance services while, transparent to the client applications, the new
server woul d make the new capabilities avail able.

ACA Services has been selected as a major conponent of the Object
Management Group's (OMG) Ohject Request Broker, which in turn has been
selected as a part of the Open Software Foundation's (OSF) Distributed
Comput i ng Environment (DCE). ACA Services is designed to be independent
of the type of network that provides the interapplication comrunications
services and currently works over both DECnet and TCP/IP networks, the
net wor ks nost commonly found in manufacturing environnments. Therefore,
applications using ACA Services need not be concerned about network
conmuni cati ons.



ACA Services is supported on the OpenVMs, M crosoft W ndows, Mcintosh, and
SunCS operating systens, the nost often used platforms in this application
space. In fact, ACA Services is the only application integration mechani sm
currently available on all these platfornms. Moreover, ACA Services supports
the kind of asynchronous services required by DEC @d ance.
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Al t hough it provides many inportant conponents of the required integration
service, ACA Services does not conpletely solve the integration problem
ACA Services is a tool intended to be used to integrate applications; it
does not define the data nodel nor does it define the set of services

that applications are to provide. Application integrators are expected

to define (1) the classes of applications that provide sets of services,
(2) the services, and (3) the neaning and type of data to be exchanged by
applications using the services.

9 DEC @d ance Software: The Tool Kit and Add-ins

As shown in the DEC @d ance conponent diagramin Figure 5 DEC @d ance
software uses ACA Services as a basic application integration facility.
Above ACA Services, DEC @d ance adds definitions of a class of

manuf acturi ng data server applications (servers), a set of definitions of
the services provided by the servers, and definitions of the data reference
nodel .

ACA Services provides a general capability to integrate sets of
applications. DEC @d ance software provides a set of routines that

are specifically designed to sinplify the inplenentation of the set of
services that DEC @d ance supports. For server applications, DEC @Qd ance
software supplies a set of callback points, as well as callable routines
for declaring callbacks, filtering strings, and supporting nonitoring
activities. For client applications, DEC @d ance software supplies a set
of callable routines for requesting each of the defined services, as wel
as cal |l back points in support of nonitor updates.

The DEC @d ance server library also supports a test connectivity
capability used to verify that an interapplication relationship can be
established to the server application. This capability sinmplifies the
di agnosi s of problens encountered during both server devel opment and
client-server installation.

To reduce dependence upon properly witten server code, the test
connectivity capability operates entirely within the |library. Thus, once

a server calls the DEC @d ance initialization routine, and if the server
is still running, this service should function properly in response to
requests from DEC @d ance clients. Proper functioning includes verifying
the installation and configuration of the network and of the ACA Services
and DEC @d ance run-tinme conponents of the systens on which the client and
server applications reside.

Software add-ins, i.e., extensions, for two popul ar spreadsheet
applications, Lotus 1-2-3 for Wndows and M crosoft Excel for W ndows,
are al so DEC @d ance products. These add-ins allow users of the
spreadsheets to request data from manufacturing data servers by neans of



the spreadsheets' nacro facilities. The add-ins provide a dialog box to
gui de untrai ned users through the process of constructing a DEC @d ance
macro. Once built, a nmacro can be executed one or nore tines, nodified if
necessary, and saved in a worksheet for reuse at sonme other tine.
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Tool Kit

The tool kit was devel oped to encourage the rapid and successfu

devel opnent of DEC @d ance applications by third parties. Successfu
applications are those that interoperate with other DEC @d ance
applications upon delivery to a custonmer site with no additional coding, no
application reconpilation, and no application rebuil ding.

The key conponents of the tool kit are

o A DEC @d ance client or server library

o Exanple code

0 ACA Services definition files for the DEC @d ance cl ass and net hods
o Sinple test facilities

o0 The DEC @d ance Progranmer's Cui de[ 10]

The ACA Services definition files contain the information required to
define the manufacturing data server class and the services that menbers of
the class support. Supplying the definitions in this formensures strict
consi stency anong all server and client developers with regard to these
definitions. The routines in the DEC @G ance client and server l|ibraries
use these definitions. The DEC @d ance |libraries contain all the code
required to establish and maintain an ACA Services session

Server Applications

A server application built with the tool kit has three major conponents:

an initialization section, the control systemspecific section, and the
DEC @d ance section. The initialization section sinply declares the
server's nanme to the DEC @d ance application, declares a set of callback
poi nts, and enters a dispatch |oop. The server nanme is the nane that client
applications can use to interact with this server. The call back points are
the code entry points to which DEC @Qd ance di spatches in response to the
recei pt of service requests fromthe client applications. For a server,
cal | back points exist for the follow ng services:

o Get alist of tag nanes
0 Get alist of attribute nanes

o0 Get alist of data point val ues



0 Get a table of data point val ues
o Put alist of data point val ues
o Put a table of data point val ues
0 Get a table of historical values
o Put a list of historical values
0 Register a nmonitor request

o Cancel a nonitor request
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o Initiate a session

o Termnate a session

0 Execute a server-specific request
o Term nate the server

The control systemspecific section consists of code nodul es that execute

calls to the control system application programm ng interface (APl). These
nodul es have to convert paraneters to and fromthe DEC @Qd ance format

and the control systemspecific format. The entry point of each nmodule is

decl ared as a call back point during initialization

In addition, callable routines are provided for sending nonitor updates and
for session managenent. The DEC @d ance section of the server is contained
entirely within a library of callable server routines. This section handl es
all interactions with ACA Services, including server registration and
sessi on managenent. It al so handl es the dispatch of incom ng requests to
the cal |l back routines and a nunber of housekeepi ng tasks for which each
server devel oper woul d otherwi se have to devel op and i npl enent sol utions.
The DEC @d ance section also responds to test connectivity requests.

Al nost all vendors of manufacturing systens have applications that execute
calls to the control system API, but such applications are typically driven
of f a command | anguage or nenu interface. Conversion of these applications
to a DEC @d ance server is relatively easy; some vendors have created a
sinmpl e DEC @d ance server in as little time as one day.

Client Applications

The typical DEC @d ance client application is built on an existing desktop
tool. Desktop tools provide a user interface for perform ng sone class of
generic function such as decision support, statistical analysis, quality
control, or production scheduling. OQher types of applications that could
make use of process data, such as report generators, batch schedul ers, and
mai nt enance tracki ng systems, can al so provide the basis of DEC @d ance
client applications. Adding DEC @Qd ance support to an existing tool allows
the user to treat data from DEC @d ance nmanufacturing data servers |ike
data entered manually or from other data sources.

A DEC @d ance client application incorporates the DEC @d ance client
routine library, which provides callable routines for initialization and
for each of the followi ng DEC @G ance services:

o Get alist of tag nanes



Put

Put

list of attribute nanmes

list of data point val ues

tabl e of data point val ues

list of data point val ues

tabl e of data point val ues
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0 Get a table of historical values

o Put a list of historical values

o Initiate a nmonitor request

o Cancel a nonitor request

o Initiate a session

o Terminate a session

0 Execute a server-specific request

o Terminate the server

o Terminate the client

In addition, support routines help nonitor updates.

To support the DEC @d ance nmonitoring capability, a client application
nmust have sonme server characteristics. Once a nonitoring request has been
initiated, the server issues nmonitor update requests when the nonitoring
condition is satisfied. The nonitor update requests are received by the
client application using the same call back nechanismthat the server uses
when servicing client requests.

A typical client calls the DEC @d ance initialization routine and then
continues to performits normal functions. Wien a DEC @d ance service is
requested through the user interface or other nmechanism the application
sinmply formats the request and calls the appropriate DEC @d ance service
request routine. Upon conpletion of the routine, status (and if requested,
data) is returned fromthe server application. If data is returned that is
to be further processed by the client application, the application noves
the data to its workspace in preparation for additional processing.

DEC @d ance Lotus 1-2-3 for W ndows and
M crosoft Excel Add-ins

Wher eas nost manufacturing control systens provide a callable library that
al l ows the devel opnent of applications that access the data in the system
some desktop tool applications have nmechani sms that allow for extension

of their capabilities in the field. Spreadsheet applications such as
Lotus 1-2-3 and M crosoft Excel support the use of add-in nodules to add
external functions and external nmacro capabilities. Add-ins for these two
spreadsheets are avail abl e as DEC @d ance software products.



Wth the add-ins, spreadsheet users can access nost DEC @G ance services
and thus can

o Fill arange of cells with a list of tag nanmes froma server

o Fill arange of cells with a list of attribute nanmes associated with a
range of tag nanes in a server

o Fill arange of cells with a |ist of data point val ues
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o Fill arange of cells with a table of data point values, as shown in
Figure 6

o Wite alist of data point values to a server
o0 Wite a table of data point values to a server

o Fill arange of cells with a table of historical values for a specific
time interval

o Wite a list of historical val ues

The interface for the add-ins was designed to support ad hoc inquiries.

A di al og box guides the end user through the process of supplying the
appropriate paraneters for a selected function. Where appropriate, defaults
are suggested based upon the previous inquiry.

10 Summary

DEC @d ance software has been specifically designed to make it easy

for users of desktop tools to access, explore, and analyze data from

di stributed control systens, supervisory control systems, and other conmon
systems used to run manufacturing processes. An analysis of the information
envi ronnent and the ways in which end users want to access the data | ed

to the refinenment of the architectural requirenments. The analysis al so

led to the decision to use ACA Services as the appropriate nechanism for

i ntegrating desktop and manufacturing control applications. The creation

of a usage nodel and rapid depl oynment of prototypes were instrunenta

in the analysis. To pronote wi despread availability of plug-conpatible
applications that use DEC @d ance, a developer's tool kit was created.

The tool kit contains libraries of DEC @Qd ance routines that both sinplify
and encourage proper and consistent usage of ACA Services to integrate DEC
@d ance applications.

DEC @d ance add-ins for the popul ar spreadsheet prograns Lotus 1-2-3 for
W ndows and M crosoft Excel for Wndows were devel oped al so. Wth the add-
in, users can interactively explore data in plant manufacturing contro
systenms fromwithin a fanm |liar spreadsheet, as well as wite reusable
wor ksheet macros for perfornming repeated tasks |ike report generation.
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