
gies to help resolve the conflicts. For exam-
ple, variable ordering, dependency-directed
backtracking, and knowledge-guided back-
tracking are used. Nevertheless, all main
design decisions are left to the user.

By including knowledge from process tech-
nology and company experience in the
mechanical design, a sufficiently high degree
of flexibility is achieved that the system can
even assist in difficult design situations.

The success of the system can be measured
by the increase in the quantity and the quali-
ty of the submitted offers. The average time
needed to prepare a sales quote for a mixing
machine was reduced by two hours. This
reduced design time will lead to an amortiz-
ing of the investment in COMIX within 2.5
years of its introduction into the field. In
addition, the amount of offers that led to
contracting rose 20 percent. These measures
show that the use of COMIX has been benefi-
cial for EKATO.

The Domain: Industrial Agitators
Industrial mixing machines, better known as
agitators, are widely used in industrial manu-
facturing. They are especially useful for the
chemical and pharmaceutical industries, food
production, and biotechnology. The basic
structure of an industrial agitator is shown in
figure 1.

The following aspects of the domain are
important: First, agitators are individually tai-
lored to meet the special requirements of a
customer; so, they cannot be mass produced.
Deciding whether a given agitator can per-
form a special mixing task can only be solved
by comparing the new task with previously
solved mixing tasks. Second, the space of pos-
sible configurations is large.

The basic structure of an agitator is simple,

■ COMIX (configuration of mixing machines) is a
system that assists members of the EKATO Sales
Department in designing a mixing machine that
fulfills the requirements of a customer. It is used
to help the engineer design the requested
machine and prepare an offer that’s to be submit-
ted to the customer. COMIX integrates more tradi-
tional software techniques with explicit knowl-
edge representation and constraint propagation.
During the process of routine design, some
design decisions have to be made with uncertain-
ty. By including knowledge from process technol-
ogy and company experience in the mechanical
design, a sufficiently high degree of flexibility is
achieved that the system can even assist in diffi-
cult design situations. The success of the system
can be measured by the increase in the quantity
and the quality of the submitted offers.

The system described in this article is current-
ly working in the field at the Sales Depart-
ment of EKATO, one of the world’s most suc-
cessful manufacturers of industrial mixing
machines. It was developed in close coopera-
tion with the Fraunhofer Institute for Infor-
mation and Data Processing (IITB) during a
three-year period. COMIX (configuration of
mixing machines) is a system that assists
members of the Sales Department in design-
ing a mixing machine that fulfills the require-
ments of a customer. Because mixing
machines have to be tailored individually to
meet a customer’s requirements, this design
process is time consuming. COMIX is used to
help the engineer design the requested
machine and prepare an offer that’s to be
submitted to the customer.

COMIX integrates more traditional software
techniques, such as databases, algorithmic
computations, and iterations, with explicit
knowledge representation and constraint
propagation. During the process of routine
design, some design decisions have to be
made with uncertainty. Therefore, the process
is guided by a combination of several strate-
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mixing task:
  blending
  suspending
  gassing
…

drive
from 0.5 up to 200 kW
in combination with
flat spur gear or
v belt drive

lantern
various standards

shaft
diameter between
25 and 280 mm

impeller
diameter between 
150 and 3000 mm,
14 different special
designs

product
viscosity between
1 and 20000 mPas

tank
from 1 to 10000 m

but each component can be constructed
using a variety of different parts. For exam-
ple, there are not only propellers but also var-
ious special forms of impellers; different
shafts are available; and thousands of direct
motors, providing power from 0.5 kilowatts
(kW) to 200 kW, produced by several manu-
facturers can be used. The direct motors can
be used with flat helical gearboxes, v-belt
drives, or a combination of both. There are
also some optional components, such as a
sealing between lantern and tank or an addi-
tional bearing at the bottom of the tank. It is
also possible to add some fixtures, called
baffles, to the tank.

In addition to the wide variety of parts for
each component, the design task also has to
cope with several different mixing tasks, such
as blending, that is, making a homogeneous
liquid out of two different solvable liquids, or
suspending, that is, achieving a relatively uni-
form distribution of solid particles in a liquid,
a mixing task common in lacquer produc-
tion. Another task is gassing, that is, bringing
gas into liquid, a well-known method in the

field of wastewater treatment or flue-gas
desulfurization.

Main Objectives
For a long time, EKATO has used computers
to aid in the design of the mechanics of the
agitators. About 15 years ago, the first pro-
grams were developed at EKATO to assist in
the mechanical design of agitators. These pro-
grams have been in continuous use since
then and have repeatedly been revised and
extended to reflect changes in manufacturing
and process technology. Recently, however, it
was determined that these systems could no
longer be maintained. Thus, a new system
was needed with configuration knowledge
explicitly represented so that maintenance
would be easier.

Analysis of the strengths and weaknesses of
the old system led to expanded functions: (1)
integration of process-engineering knowl-
edge; (2) high flexibility; and (3) assistance
even in difficult design situations, for exam-
ple, when the number of revolutions of the
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Figure 1. Basic Structure of an Agitator.



tem has to derive a specification of a machine
with the intended functions. Based on knowl-
edge from process technology and prior expe-
rience, the system is able to handle the fol-
lowing basic process-engineering tasks: (1)
blending two different solvable liquids; (2)
suspending solid particles in a liquid; (3)
transferring heat, that is, cooling down or
heating up a liquid; and (4) gassing.

The agitator is specified by the design of
the impeller system, that is, number, design,
and diameter of impellers; their positions in
the vessel; and the number of revolutions.
This design also includes the number and size
of the baffles in the vessel. Given a specifica-
tion of the impeller system, it is possible to
derive the necessary components of the agita-
tor.

Configuration
Given the specification of the impeller sys-
tem, COMIX has to find a detailed and com-
plete configuration of an agitator that will
work as intended. The set of available compo-
nents is well defined. For some types of com-
ponent, only a small set is available. For oth-
ers, thousands of choices are available. Some
parts even fall into a continuous definition
set. Laws of mechanics, standards and quality
guidelines of the manufacturer, and industrial
standards, as well as intercomponent con-
straints, have to be taken into account. Addi-
tionally, constraints from process technology
have to be satisfied to guarantee the intended
function. The result consists of a detailed
specification that includes price information,
information for manufacturing, and a dimen-
sional sketch with the basic geometric mea-
surements.

Redesign and Case-Based Redesign
COMIX has to perform the redesign task, that is,
the adaptation of an agitator to changed pre-
requisites. Often, a customer is satisfied with
an existing machine and would like to have it
rebuilt, or similarly, during contracting, it
turns out that the mixing task is slightly dif-
ferent from the original prerequisites for the
design. In this case, the agitator’s current con-
figuration can be loaded and modified. The
system will then compute all the necessary
changes, taking into account the actual parts
available and their properties.

Another possibility during routine design is
that the problem is similar to a previously
solved problem. For example, the mixing task
could be similar to a previously solved mix-
ing task, or the design of the impeller system
is closely related to a previously designed agi-

configured machine meets the frequency of
natural oscillation.

By including industrial process-engineering
knowledge, two objectives could be achieved:
First, knowledge from different company
experts could be preserved. Second, the soft-
ware used by the sales staff for designing the
machines could be run on a standard plat-
form.

More flexibility in the configuration
enabled the reduction in the variety of parts
of some of the key components. This reduc-
tion led to the use of a higher number of pre-
manufactured parts, which, in turn, led to
considerably reduced manufacturing costs.

Assistance in difficult design situations,
such as conflicting number of revolutions
and natural oscillation, saved design time
and increased the quality of the design.

Tasks
COMIX has to perform a set of different tasks
depending on user requirements and infor-
mation given by the customer. In the agitator
domain, it is difficult to decide whether a giv-
en agitator fulfills a given mixing task. The
main problem is the design of the impeller
system. The phenomena in agitated vessels
defy a description by equations in an exact
physical way; so, the problem can only be
solved based on experience and a comparison
of the task with previously solved mixing
tasks. If the mixing task is somehow new,
experiments with scaled-down mixing
machines have to be done.

However, once the impeller system is speci-
fied, then the mechanical design of the agita-
tor can be treated as a configuration problem.
Given a well-defined set of available compo-
nents, the system only needs to find a combi-
nation of single components that will work
together as intended.

COMIX performs the following tasks: First,
given the user requirements, the system
derives a specification of the impeller system
for several basic process-engineering tasks.
Second, given the specification of the
impeller system, COMIX finds a correct and
complete configuration of the agitator.

Deriving Structure from Function
Usually, a customer presents a set of require-
ments for an agitator and asks the manufac-
turer to submit a bid. A responsible engineer
within the Sales Department has to design a
mixing machine that meets the particular
requirements of the customer. Given a
desired functioning of the machine, the sys-
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tator. The search for similar mixing tasks or
similar agitators is performed by searching
databases, which contain information about
previously configured agitators. The criteria
for search are left open to the user, so that the
user can define his/her own similarity criteria.

Nonroutine Design Assistance
COMIX can also assist in nonroutine design by
looking for partial configurations with regard
to the available information. When designing
a special-purpose agitator, such as a special-
ized impeller that is not in the system knowl-
edge base, it is possible for the system to look
for a shaft and a drive that will handle the
forces placed on the impeller. To perform this

operation, the user has to know some special
characteristics about the impeller and enter
them into the system.

The System: 
Knowledge Representation

In this application domain, four types of
domain-specific knowledge can be identified.
Each type is represented differently in COMIX.
Figure 2 provides an overview of these knowl-
edge types.

First, available parts and their technical
data are kept in various databases. Some com-
ponents, such as motors and gears, are not
manufactured on site but are bought from

Articles

SPRING 1995   77

Figure 2. Knowledge Types and Their Representations.
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is, which component depends on the design
of another component. In combination with
a so-called standard agenda, this agenda
reflects the order in which an experienced
engineer would configure the machine. This
knowledge is used to direct the process of
configuration.

The constraints are controlling the design
process. In each construction cycle, the con-
straints that can be applied are determined.
To satisfy the constraint, the corresponding
constraint function has to be applied. In each
constraint function, the configuration knowl-
edge about how to design a component is
represented. Each design decision is made by
sending messages to the related components.
The configuration knowledge is attached to
the components by methods that are activat-
ed by messages. The configuration knowledge
also includes information about how to
determine lower and upper boundaries for
parameters, which are used as criteria for
database searches.

Process of Routine Design
The design process is accomplished in two
stages: First, a specification of a machine with
the intended functions has to be derived
from information about the mixing task. This
step differs depending on the basic process-
engineering task, that is, blending or sus-
pending. Thus, different data are needed. For
example, in the case of blending, only densi-
ty and viscosity of the product have to be
known to determine the impeller system,

other manufacturers. Data about such com-
ponents, such as pricing, frequently change.
It is important to make updating simple. By
keeping the data in databases, the data are
easy to maintain without changing anything
inside COMIX.

Second, knowledge about structure and
classification of components is represented in
different part-of and is-a hierarchies in an
object-oriented manner. This approach
enables maintenance with little work in case
of changes in the types of manufactured part.
During the development of COMIX, this kind
of maintenance was often necessary and
could easily be done.

Third, component-specific configuration
knowledge is the knowledge about how to
determine a special component or a single
parameter of a component or how to satisfy a
related constraint. This information is often
given in algorithmic or computational form
and is coded in a functional way. It is
attached to components by methods, which
enables message passing to objects without
having to worry about the component’s type.
For example, the system can send the mes-
sage “compute-your- weight” to the impeller
of the agitator without checking if it is a
marine propeller or a dispenser disk. These
impellers are different and use completely dif-
ferent methods to compute their weight.
They are shown in figure 3. 

Fourth, knowledge about causal dependen-
cies is represented using directed constraints.
These constraints are dependencies in the
sense of design knowledge, not physics, that
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.Figure 3. Two Different Designs of Impeller.
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whereas for suspending, particle size and
solids volume concentration also have to be
known. This process knowledge includes
complex algorithms, scaleup computations,
and iterations. It is hand coded for each basic
mixing task for the sake of performance.

Second, the detailed mechanical design of
the machine has to be determined. This
design is based on a constraint propagation.
The constraints used in COMIX can be charac-
terized as (1) directed, the values of all but one
of the parameters have to be known to deter-
mine the missing one; (2) simple, the set of
possible values of a constraint parameter con-
tains at most one element; (3) functional, the
definition of the constraint relation is given
by a function in contrast to a characteristic
predicate; and (4) constructive, given all but
one of the values of the constraint parame-
ters, the missing value to satisfy the con-
straint can be determined constructively.

For each constraint, the following are
explicitly stated: (1) which parameters have
to be known; (2) which parameter can be
determined; (3) which additional precondi-
tions have to be satisfied; and (4) where to
find the definition of the constraint relation,
that is, which function to evaluate to satisfy
the constraint.

The chosen algorithm for the propagation
is based on the use of local consistency. A
solution is found when an overall local con-
sistent value assignment is found, which also
leads to global consistency using only simple
constraints.

During the design process, some decisions
have to be made under uncertainty. Back-
tracking cannot be avoided. Several strate-
gies are implemented to guide the propaga-
tion to reduce backtracking as well as
manufacturing costs.

Variable Ordering for 
Backtracking Reduction
A good order of design decisions can often
lead to a reduction in, or even an avoidance
of, backtracking. The ordering knowledge
can come from experience as well as from
dependencies between decisions. Using con-
straint propagation results in an order of
design decisions based on dependencies.
Conflicts can arise when there is more than
one constraint ready to fire at the same time.
To resolve this kind of conflict, a standard
agenda is introduced. All relevant parameters
of the design process are listed in this agenda
in a fixed order. This agenda reflects the
order an experienced engineer would follow
during the design. In case more than one

constraint is ready to fire at the same time,
this agenda is taken into account when
determining which constraint should fire
first. The use of this agenda leads to consid-
erably reduced backtracking in many cases.

Dependency-Directed Backtracking
The process of finding a suitable configuration
can be regarded as a search process in the
space of all possible combinations of available
components. In this domain, the parameters
are highly interdependent, and there are
many dependency cycles; so, the use of guess-
ing and backtracking in the search process
cannot be avoided. The search process is guid-
ed by the domain-independent strategy of
dependency-directed backtracking that is sim-
ilar to EL (Stallman and Sussmann 1977). For
management of the dependencies, a mecha-
nism such as the justification-based truth
maintenance system (JTMS) (Doyle 1979) is
implemented with special features to handle
dependency cycles and to act with parameters
that are represented in an object-oriented
manner. For more details on the treatment of
dependency cycles, please refer to Brinkop
and Laudwein (1992).

Knowledge-Guided Backtracking
Generally, in COMIX, the satisfaction of a con-
straint implies the intended functions, but in
one critical situation—when the number of
machine revolutions is too close to the natu-
ral oscillation of the machine—the proper
function is no longer guaranteed. Although
the number of revolutions has to be fixed in
an early state, the natural oscillation of the
machine can only be determined when all
parts of the machine are known in detail.
Nearly all parameters depend, either recur-
sively or directly, on the number of revolu-
tions. In this case, even dependency-directed
backtracking is too inefficient. To solve this
crucial problem, the backtracking is guided
by domain-specific knowledge combined
with lookahead. When the number of revo-
lutions is too close to the natural oscillation,
the system has two possibilities—change the
former or change the latter. Past experience
demonstrated how to change some proper-
ties that were already selected to achieve an
increase or a decrease in the natural oscilla-
tion without major influence on the overall
behavior. Some of these techniques are tried
by the system and tested to see if they would
succeed. The succeeding activities are then
suggested to the user, who can decide to act
on the suggestions or choose another strate-
gy to solve the problem.
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The architecture of COMIX is similar to
PLAKON (Cunis, Guenter, and Strecker 1991;
Cunis et al. 1989), a tool for planning and
configuration tasks. In COMIX, only propaga-
tion of directed constraints, in combination
with JTMS techniques, is used, whereas PLAKON

can handle nondirected constraints and
offers different levels of control, from back-
track free to assumption-based truth mainte-
nance system (ATMS) techniques (de Kleer
1986).

One of the best-known systems using the
domain-independent strategy of dependency-
directed backtracking is EL (Stallman and
Sussmann 1977). However, COMIX is not able
to handle EL’s symbolic expressions.

Knowledge-guided backtracking and differ-
ent levels of preference can also be found in
VT and SALT, respectively (Marcus and McDer-
mott 1989; Marcus, Stout, and McDermott
1988). The difference between VT and COMIX is
related to the kind of constraints and the way
they are used. Predicative constraints, in com-
bination with procedures, are used in VT, but
constructive constraints are used in COMIX. In
VT, the strategy of knowledge-guided
backtracking is used exclusively, whereas in
COMIX, this strategy only takes place in special
situations. Also, preferences are defined in VT

for each parameter, whereas in COMIX, they
are only defined for some special key compo-
nents.

VEXED (Steinberg 1987), a design aid for
NMOS digital circuits, is also based on top-
down refinement plus constraint propaga-
tion. However, in VEXED, all control decisions
are left to the user, including the order of
design decisions and the choice of the way to
proceed. In COMIX, only the main design deci-
sions are left to the user.

Refinement techniques, in combination
with constraint handling, can also be found
in ALL-RISE (Sriram 1987), an extension of HI-
RISE, which is a system for the design of high-
rise buildings. In ALL-RISE, all possible solu-
tions are explored, whereas COMIX stops at the
first solution found. 

Integration
COMIX is integrated into EKATO’s information
system. It can produce different printed docu-
ments and exchange data with the CIM sys-
tem.

COMIX is implemented in GOLDWORKS III

(GoldenCommonLisp, WINDOWS 3.1, DOS) and
is running in a network of PCs using Novell
NETWARE 386 for the local area network (LAN).
The LAN is connected by gateway to the CIM

Main Decisions by the User
The process of finding a configuration can
also be regarded as a model-based search
problem. It starts with a coarse model of the
machine, the one implied by the specifica-
tion. During the configuration process, the
model is refined stepwise until all the param-
eters have been determined. In this process,
all main design decisions are left to the user.
COMIX determines the consequences of design
decisions, evaluates constraints, and makes
suggestions for possible choices. “This divi-
sion of labor seems to build on the strengths
of each party, making the computer responsi-
ble for completeness and consistency and the
human responsible for strategy” (Steinberg
1987, p. 830).

Preferences
Another control strategy used in COMIX is the
use of different levels of preference for key
components so that manufacturing costs can
be reduced. Premanufactured parts, which
can be held in stock, are preferred as long as
possible. Because these parts can be manufac-
tured in large numbers, the manufacturing
costs for the mixing machine are lowered.
The use of premanufactured parts also helps
to reduce the manufacturing time for a com-
plete agitator.

For example, impeller-hub combinations
are classified into three levels of preference:
Level 1 is a small set of fixed impeller-hub
combinations already manufactured. Level 2
is a larger set of impeller-hub combinations
with existing blueprints for manufacturing
that are manufactured as needed. For level 3,
depending on the type and the diameter of
the impeller, the diameter of the shaft, and
occurring forces, the needed hub is comput-
ed. The combination has to be drawn in the
Design Department and is manufactured as
needed.

COMIX tries as long as possible to use the
level-1 combinations. Only when it is no
longer possible to use a combination at this
level, the system asks the user if it should
switch to a level of lower preference or revise
a previous design decision.

Related Work
COMIX is designed to solve problems in the
special domain of agitators. It was not
designed to be a tool for configuration or
design. Many ideas from other systems were
taken and used when they were appropriate.
The combination of these ideas led to a sys-
tem that is now successfully used in the field.
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system running on a mainframe. An overview
of the network is given in figure 4.

Several printed documents are needed for
the information system. One of them, which
contains details of the configuration, includ-
ing price information, is needed for docu-
mentation in an internal file. Another docu-
ment, containing part-identification numbers
of the CIM system and hints for the assembly
of the parts, is used to guide the machine
during the entire manufacturing process.

Additionally, a document presenting the
final offer, including a drawing of the pro-
posed machine, is produced. The offer is cre-
ated by combining predefined text parts that
depend on the actual configuration of the
machine. With an integrated editor, the user
can change the vocabulary of the offer, add
special information, or change standardized
formulations to get a document ready to send
to the customer. The drawing of the machine
is stored in a POSTSCRIPT document, with sym-
bolic representations of the machine compo-
nents in scale. It shows the tank as well as the
agitator. Therefore, it is possible to get an
impression of the size of the machine and its
components.

Benefits 
Integrating knowledge from process technol-
ogy led to higher flexibility in the design of
agitators and enabled the development of
series of standardized parts. By building a
large number of mixing machines with a
small number of standardized parts, manufac-
turing costs are considerably reduced. Placing
the agitator design on a standard platform
allowed the comparison of different designs
and reduced cases of malfunction or even
nonfunction, resulting in a considerable
reduction in design time and reclamation
costs.

After more than one year of being in the
field, some benefits are quantifiable. The total
time needed for an offer lies between 4 and
12 hours, from first contact with the cus-
tomer to the completion of the offer for the
customer. The average time to prepare an
offer was reduced by 2 hours, resulting in a
savings of US$450,000 (DM 660 000) a year
out of a volume of US$1,500,000 (DM 2 300
000) a year of total costs for producing offers.
Comparing it with EKATO’s costs of
US$900,000 (DM 1 300 000) for the develop-
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determining how to process with or without
sealing.

The flexibility and extendibility also
helped to increase the ease of maintenance
and expand the system. It is easy to add new
components or change dependencies
between parameters. This kind of mainte-
nance occurred often during COMIX’s develop-
ment.

It was planned to base the propagation on
nondirected constraints. This decision failed
because of the way the configuration knowl-
edge was provided by the experts. It included
formulas for computing parameters, complex
algorithms for determining parameters, and
database searches depending on lower and
upper boundaries of parameters.

To derive a nondirected constraint from an
equation, the equation had to be solved for
each occurring parameter, which was not pos-
sible in some cases. Also, the ability to derive
nondirected constraints from complex algo-
rithms or database searches failed completely;
so, the decision was made to use only direct-
ed constraints. Luckily, the restriction on
directed constraints led to a simpler and,
therefore, more effective mechanism for the
evaluation of the constraints.

Development
The project started in the middle of 1989
with a preliminary project to investigate
whether the problem could be solved by a
knowledge-based system and to evaluate the
hardware and software requirements. Because
EKATO employees had experience with the
PC using DOS, it was chosen as the hardware
platform.

The selection of an appropriate tool was
based on the following criteria: (1) it was PC
based (DOS), (2) object-oriented representation
was possible, (3) an interface to a high-level
programming language was available to
implement complex algorithms, (4) an inter-
face to the database was available, and (5)
there was support for the efficient develop-
ment of a graphic user interface.

GOLDWORKS II was chosen, which was based
on GoldenCommonLisp under WINDOWS 286
on DOS. During development, the platform
was changed to GOLDWORKS III under WINDOWS

3.1.
The main project started in 1990. During

the entire project, two persons at IITB and
one person at EKATO were continually
involved.

The knowledge-acquisition process started
at IITB with an analysis of existing programs
and printed documents. The basics about

ment of COMIX, the system will be amortized
after COMIX is in the field for 2.5 years.

This reduction in design time was not
achieved simply by the high performance of
COMIX. With COMIX, it is possible to design a
machine in less than 10 minutes, but the old-
er system took 45 minutes. However, the
main reason for the reduction in average
design time is the flexibility of COMIX. It can
even assist in difficult design situations with
suggestions about how to solve a problem,
such as when the number of revolutions
approaches the critical speed. Currently,
approximately 80 percent of all inquiries can
be handled using COMIX.

The redesign ability of COMIX allows the
user to try alternative designs to solve the
mixing task and meet the customer’s needs.
Therefore, an increase in quality can be
achieved, which was shown by the number of
successful offers. Under COMIX, the percentage
of offers that led to contracts increased from
27 percent to 32 percent. Thus, EKATO saw a
20-percent increase in the number of offers
that led to contracts.

During the development of COMIX (three
years), many maintenance activities were
necessary. These activities were analyzed and
incorporated into COMIX’s design, resulting in
a high degree of maintainability.

Development Phases
In this section, we look at basic concepts, the
development process, and deployment of the
system.

Basic Concepts
Most of the knowledge given by the experts,
such as how to configure an agitator and
when to choose a specific component, is
specified using just a few parameters. The
consequences of decisions made during the
configuration of an agitator are not easy to
judge; so, we have to cope with the problem
of aggregating local information to find a
global solution. For this reason, the configu-
ration of agitators was based on constraint
propagation.

Constraint propagation is also flexible.
Depending on which kind and what subset of
parts are used, the configuration process has
to proceed differently. When using a sealing,
the drop of power caused by friction at the
sealing has to be taken into account when
computing the minimal power of the drive.
These alternatives can be expressed easily
when using a constraint mechanism: Two
alternative constraints have to be established,
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mixing technology were learned to facilitate
speaking with EKATO experts.

Close contact between the developer and
the experts was a characteristic of the main
project. The knowledge-acquisition process
ran in a permanent loop: acquisition, imple-
mentation, validation, and revision, with a
two- to three-week frequency. For validation,
single agitators were configured with the
newest version of the system and were hand
checked by the experts.

The development strategy was to construct
a system as early as possible that could be giv-
en to EKATO for testing. Different stages of
development and installation can be identi-
fied as follows: First, a stand-alone system was
developed and tested in the Research and
Development Department. Second, this sys-
tem was extended to run on a LAN. This ver-
sion was installed for testing in the Research
and Development Department as well as in
the Data-Processing Department. Third,
COMIX was installed on several workstations in
the Sales Department in mid-1991.

During development, it became obvious
that our choice of DBASE as the format for the
databases was a fortunate one. The databases
had to be filled, for example, with data about
thousands of motors and hundreds of gears.
The data had to be checked and permanently
investigated for errors. A lot of tools can han-
dle files in DBASE format; so, everyone was
able to choose the tool he/she was the most
comfortable with for editing the databases.
Therefore, the design and data-entry tasks
could be done independently.

Deployment
The deployment started with the installation
of COMIX in 1991. Only a small amount of user
training was needed: Thanks to the graphic
user interface, only 30 minutes of individual
introduction were needed to train members of
the Sales Department on the system.

The first version had nearly all the func-
tions, but only a reduced set of components
was available. The reduced set of available
components provoked the majority of the
criticism and led to low user acceptance:
Only a few members of the Sales Department
would work with the system.

However, the work of these few was worth
a lot because they used COMIX for their daily
work with great enthusiasm and patience. By
carefully investigating each configuration
done by COMIX, many of the remaining bugs
were detected and could be fixed. Also, a lot
of advice was given on how to increase user
support and, therefore, the usefulness of the

system for daily work.
Performance measurements showed that

the system spent most of its time investigat-
ing constraints and controlling dependencies.
To increase the performance, a new kernel
was developed with efficient control of con-
straints and their dependencies. The new ker-
nel led to a threefold performance increase.

Work also concentrated on extending the
set of available components. For example, in
the first version, only direct motors and heli-
cal geared motors were available. Later, the
use of flat-spur gears, v-belt drives, or combi-
nations of both were allowed. Figure 5 shows
the possible combinations of gears and
motors now available in the system.

Fast bug fixing, extended component sets,
increased performance, and user support led
to an increase in acceptance. Since mid-1992,
the system has been in wide use in the Sales
Department as the primary tool for agitator
configuration and offer preparation.

In early 1994, the system was installed on
5 workstations in the Sales Department and is
now used by 15 engineers. For maintenance
and testing, the system is also installed on
two workstations in the Data-Processing
Department and on one workstation in the
Research and Development Department at
EKATO. One system is also installed in EKA-
TO’s American subsidiary. Currently, about
300 machines are designed monthly with
COMIX at EKATO’s facility in Schopfheim, Ger-
many.

Maintenance
It was planned to turn over system mainte-
nance to EKATO after the initial system was
developed at IITB. To facilitate this
changeover, courses started early in the pro-
ject that covered Lisp, object-oriented pro-
gramming, and the implementation of COMIX.
The courses were held by the original devel-
opers of IITB for two members of the EKATO
Data-Processing Department. This training
was extended; modules of the system were
jointly designed; and since mid-1992, mod-
ules have been implemented independently
at EKATO. The main project between IITB
and EKATO ended in 1993. Since this time,
the system has been maintained and extend-
ed by EKATO.

During development, it was determined
that maintenance activities could be divided
into four different levels: (1) changes in price
and technical component parameter (such
changes happen frequently, and maintenance
can be done by updating database fields), (2)
changes in the manufacture of components
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