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Abstract. BOKS is a knowledge based system which implements the
"Bouwstoffenbeduit” (Bsb), the Dutch regulations on the use of building mate-
rials. Since the Bsb is a complex set of rules, which many people need to adhere
to, a knowledge based system was seen as an ideal way to alow people to check
whether they are using building materials according to the law. BOKS was im-
plemented as afirst generation rule-based system using decision tables. This pa-
per discusses BOKS, the reasons for its success as a knowledge based system,
its implementation and how that implementation could be improved upon, and
makes a comparison between BOKS and related systems.

1 Building Materials Regulations

At the end of the twentieth century and the start of the twenty-first, concern for the
environment in industrial countries becomes more and more important and people are
seeking ways to deal with the problems of industrial waste. In this respect, the Dutch
government actively promotes reuse of building materials, as long as this forms no
threat to the health of the environment. With the 1995 publication of the "Bouwstof-
fenbesluit" (a governmental decision on building materials; its name is abbreviated to
"Bsb"), the government strives to protect soil and water, while at the same time stimu-
lating the reuse of secondary building materials. Since January 1, 1999, the Bsb has
become a set of official regulations, and every building contractor is legally bound to
conform to them [1].

The Bsb regulations are applicable in situations where primary and secondary
building materials are transported to a building site to be used there. If there is no
official quality assurance of the material to be used, a specified number of samples of
the material must be taken to be examined in a laboratory, to determine the quantities
and emissions of the different components in the material. Based on these laboratory
findings, in combination with the exact purpose the contractor has for the material, the
Bsb decides whether the material can be used, and if so, under which conditions.

The main part of the Bsb is concerned with the determination of the category of the
building material. The different categories are:



— Clean soil: If the material falls in this category, it can be used without restrictions.

— Category I: Category 1 materials can be used without restrictions in the situation
the building contractor has specified. One of the consequences is, for instance, that
if the contractor has specified that he will use the material in a layer with a specific
height, he can't add to that height without running the risk of the material falling in
another category.

— Category 2: Category 2 materials can only be used if they are isolated from the
environment, and even then only in the particular situation the contractor specified.

— Unusable: Most building materials cannot be used at al if they don't belong to one
of the preceding categories.

Besides these, there are two exemptions created for special building materials which
the contractor is still allowed to use, even if they fall in the category "unusable" based
on the laboratory findings.

2 Knowledge of the Bsb

The government publication of the Bsb consists of 300 pages of text [2]. This text is
difficult to use, not only because of all the legalese, but also because there are numer-
ous tables, formulas, references, schemas, footnotes and exceptions, which all have to
be taken into account, and which are found distributed throughout the documents,
often without references at the relevant points. Practice has shown that even Bsb ex-
perts find that it is difficult to use the Bsb correctly, because it easy to forget to take
an exception or a footnote into account. On the other hand, once the Bsb has been
applied to a particular situation, the results of the analysis are easy to understand.

To determine the category of a material, the Bsb expert just needs the laboratory
findings and a description of the application situation. The answer needed from the
expert is which of the six possible categories the material belongs to. The "input", that
is, the laboratory supplied list and the situation description, can easily be understood
and supplied by a layman. The "output", the category of the material, can be under-
stood and used by a layman. The procedure to get from "input" to "output" is com-
plex, however, even for experts, and even though the procedure is uniquely deter-
mined in the regulations.

So, while the knowledge laid down in the Bsb is well-defined, it is difficult to apply
it in practice. Still, every building contractor is required to adhere to the Bsb. As early
as in 1995, the Ministerial Department responsible for the development of the Bsb
recognised the difficulties in making people use these regulations, unless they were
made more accessible. The Knowledge Based Systems department of TNO Building
& Construction Research was asked to determine if the Bsb could be implemented in a
knowledge based system. TNO built a prototype, which resulted in 1998 in a project
to implement a complete system. The first version was released early in 1999 under
the name "BOKS" ("Bouwstoffenbesluit Ondersteunend Kennisgebaseerd Systeem"),
at the same time the Bsb became a set of official regulations. The third version, im-
plementing the latest changes to the regulations, was released in August 2000. Cur-
rently BOKS is successfully being used by about 3000 people, which amounts to the



majority of the potential user base. Even the few human experts on the Bsb use
BOKS, since they agree it gives more accurate evaluations than they do themselves.
Reviews of BOKS in magazines and newspapers have been generally favourable.

3 BOKS

A knowledge based system is a computer program which contains expert knowledge
in a certain area, and which makes this knowledge available to the user. BOKS is a
knowledge based system, which contains knowledge on the Bsb, or rather, knowledge
of how an expert uses the Bsb. BOKS can, just like an expert, ask the user questions
about his particular situation (like "what is the name of the material?", "where is it
used?" and "what are the emission values the laboratory reports?"), and after the con-
sultation provide the user with the same conclusions an expert would reach.
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Fig. 1. BOKS shows the results of the laboratory research in a spreadsheet-like list. The right-
most column shows for each component what the category of the building material would be if
that particular component would be the only one which was used to determine the category.
The resulting overall category can be deduced from these intermediate categories. This final
result is also visible under the category goal button at the upper left side of the screen - in this
case, the encircled number "2".



The nature of the questions BOKS asks is such that a layman can answer them.
Sometimes a situation arises in which a more difficult question is asked, one which
most users may be able to answer, but some of them might not. In that case, the user is
allowed to answer "I don't know", and BOKS will try to find out the answer to the
question by asking a few different, easier to answer questions. BOKS determines in an
intelligent way which questions it will ask. It contains about 150 different questions,
but usually only about 30 of those are actually posed to the user during a consultation.
The BOKS inference determines at each moment which question needs to be answered
next.

As is usually the case with expert systems, BOKS can't discuss questions which
aren't explicitly built into the system. The current release of BOKS can only determine
the answer to six goal questions:

— Is the Bsb applicable to the user's situation?

— Which is the category the building material belongs to?

— What procedures must the user follow when he uses the material?
— What requirements are posed on the application of the material?
— How should a sample of the material be taken and examined?

— How high is the user allowed to stack the material?

These six goal questions (or rather, the first five goal questions) are sufficient to allow
laymen to make sure they adhere to the Bsb.

4 Advantages of the Use of BOK S

The last goal question mentioned above (the determination of the maximum height the
user is alowed to stack the material) is a nice example of a service BOKS provides,
which can't be offered as easily by a human expert. Often, the category of a building
material is limited by the height of the layer of the material which is used. Usually the
user can stack the material even higher without changing the category, or have the
material fall into a better category if he would just stack it alittle lower. However, the
formulas in the Bsb use the height of the material as input, and these formulas can't be
inverted mathematically. Therefore it is not possible to directly calculate the maxi-
mum height of a material for a certain category. BOKS solves this problem by simply
calculating the category for a few thousands of possible heights, thereby deducing at
what levels the category changes. For a human expert thisis far too much work, while
BOKS performs this duty in the blink of an eye.

This is just one of the benefits the knowledge based system BOKS offers as op-
posed to a human expert. Some others are:

— Except for possible implementing errors in the knowledge base, BOKS is infallible
and complete. A human expert may forget to take an exception to a rule into ac-
count, but BOKS won't.

— BOKS can be replicated. A human expert can only work in one place, while BOKS
can be used in many places at the same time.



— BOKS can be used at any time, while a human expert is only available for part of
thetime.

— BOKS results are consistent and can be reproduced. While two human experts may
have a different view of a particular situation, two copies of BOKS will aways
provide the same answer.

— BOKS has built-in reporting facilities. For a human expert, the writing of reportsis
atedious and time-consuming activity. BOK S generates its reports automatically.

— It is easy to keep the knowledge in BOKS up-to-date. Because the knowledge is
implemented in decision tables with the use of a special tool (which will be dis-
cussed in the next paragraph), when regulations change it isn't difficult to locate in
the knowledge base the rules which need to be changed.

— It isrelatively easy to get users to adhere to new versions of the regulations. If the
Bsh changes, which happens regularly, the BOKS knowledge base must be updated
once and then be redistributed to the users. Thisis far easier and cheaper to do than
retraining all the human experts.

The many benefits BOKS offers as opposed to a human expert (most of which, inci-
dentally, are offered by knowledge based systems in general [3]) seem to suggest that
a knowledge based system is to be preferred over a human expert. In the case of
BOKS, thisis probably true. The reason is that the knowledge domain BOKS covers,
a set of regulations, is because of its nature complete, consistent, and well-defined,
and is therefore particularly suited to be implemented in a rule-based system. Since a
large number of Bsb experts are needed in practice, BOKS is an ideal alternative for
the employment of human experts. Even if BOKS doesn't cover the Bsb completely,
the questions it does answer (which are al the questions needed for people to make
sure they adhere to the regulations), it answers with 100% accuracy. Most knowledge
bases only cover part of the knowledge domain they implement, and aren't able to
answer a question in all circumstances. As such, those knowledge bases can only be
used in support of a human expert (which is, of course, also valuable). BOKS is an
exception in this respect.

5 Implementation of BOKS

It is common practice with knowledge based systems to place the actual knowledge
outside the program itself, in a knowledge base. The main reason for the existence of
this separate knowledge base is that it should be easy to maintain the knowledge. Not
only can such a knowledge base be changed without changing the actual program, it
can also be maintained using a special tool, which allows the user to view and edit the
knowledge in a user-friendly way, so even some non-programmers can do it.

A common method to store knowledge in a knowledge base is in the form of rules.
Usually rules are "IF...THEN..." statements, like "IF the building material is used on
the inside of a building THEN the Bsb is not applicable". There are alternative ways
to implement knowledge (like in the form of "cases" or in a neural network), but a
knowledge domain consisting of regulations is particularly suited to be implemented



in a rule-based system, and BOKS does just that. The BOKS knowledge base is built
and maintained using the "Knowledge Base Editor" (KBE). This is a tool developed
by TNO which maintains knowledge bases consisting of "decision tables" [4]. A deci-
sion table is a visual representation of a piece of rule-based reasoning (Fig. 2). BOKS
contains about 180 of these tables.

The BOKS knowledge base was built by a knowledge engineer (KE) who worked
in close collaboration with Bsb experts. The KE used interviews to question the ex-
perts on the use of the Bsb and implemented the results of those interviews in decision
tables. This often led to new questions, which were again posed to the experts. This is
a regular "propose and revise" approach to knowledge acquisition. Because of the
complexity of the Bsb, the KE couldn't directly use the regulations themselves to build
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Fig. 2. This is a decision table which determines the category a non-soil building material be-
longs to according to one particular component. The left column (except for the bottom row)
contains "conditions'. To the right of the conditions are the "condition alternatives'. Conditions
have a value, which is determined either by asking the user for it, or by reading the value from a
database, or by executing another decision table. That value is then checked against the alterna-
tives, which determines the path that will be taken to get to the answer. The first condition is
"Amount too large" (C1). If the Bsb sets an upper limit to the quantity of the component in the
material and that limit is exceeded, this condition contains "yes'. In that case, the |eft side of the
aternatives (columns R1-R5) is used to continue the evaluation process, and otherwise the right
side (columns R6-R9) is used. The next condition is "Materia is TAG" (C2). If the quantity
limit wasn't exceeded, this condition is skipped, as the dash in row C2, columns R6-R9 shows.
The same holds for the condition after that (C3). By following the condition alternatives belong-
ing to the value of the conditions, the evaluation process ends up in one of the cells on the bot-
tom row. These cells contain the "action aternatives', and the value of the cell the evaluation
ends in is given to the "action”, which is contained in the lower left cell, "Category non-soil"
(Al). For example, if the quantity limit is not exceeded, and the immision for category 1 isn't
exceeded, the component category is "category 1".



the knowledge base, though he could use parts of it, after the experts had indicated
which sections were of importance for the implementation.

The KBE allows the consultation of partially finished knowledge bases, even of in-
dividual decision tables, and the KE and the experts used this to test the implemented
knowledge. The KE often chose to implement a small piece of knowledge, for in-
stance a calculation or an exception specified in a footnote, in one separate decision
table. This piece of knowledge could then be tested separately from the whole knowl-
edge base. The decision tables themselves were also discussed with the experts. Be-
cause of the way decision tables make an inference visible, the experts were able to
review the knowledge implemented in the knowledge base, and could easily determine
whether the knowledge was correct and complete.

Besides a knowledge base, BOKS contains a database of building materials, for
which many of the answers to questions the knowledge base might ask are already
known (though BOKS is not restricted to these materials). Bsb experts can easily add
to this database. The BOKS reports are also stored in a separate file, which has an
XML structure, and those reports can therefore also be maintained by the Bsb experts.
Last but not least, BOKS contains the complete text of the Bsb, and the reports hyper-
link to the relevant paragraphs in this text. The BOKS program itself is implemented
using the Borland development environment "Delphi".

The time needed for the implementation of the first version of BOKS was about
1000 man hours, not counting the work which was spent on a prototype finished in
1996. About 25% of the time went to the building of the knowledge base, 60% to the
building of the application and the reports, and the remainder went to testing and ad-
ministrative tasks. This excludes the time experts spent on the development of the
system, but practice indicates that this must have been about half the man hours spent
by the developers.

Because of BOKS' user-friendliness and the fact that BOK'S only asks simple ques-
tions, people often suppose BOKS is no more than a friendly kind of spreadsheet.
While the programmers are quite pleased with that, since it shows the design of BOKS
is successful, that impression is not correct. Because of the complexity of the Bsb,
BOKS could only be implemented in a spreadsheet if it was augmented with a lot of
program code, and even then, practice has shown (because this has actually been
tried), it would only be able to give partial answers to questions. On top of that, in a
spreadsheet "solution” most of the knowledge would reside in program code instead of
in a knowledge base, making it virtually impossible for Bsb experts to check the
knowledge, let alone maintain it.

6 Improving BOKS

There are several improvements which would benefit BOKS. The first and most obvi-
ous is that the user should be able to access BOKS over the Internet. Changes to the
regulations, implemented in the knowledge base, would then be immediately available
to users, while currently they have to download and install a new stand-alone program.
The reason that BOKS isn't an Internet based system is mainly one of budget: recent



developments to the KBE allow the deployment of knowledge bases as easily over the
Internet as as a stand-alone application [5], but these techniques weren't available at
the time BOKS was developed, and the budget to enhance BOKS, like with this new
functionality, is very limited and goes mostly to updates to the knowledge base.

The second improvement would be to use an object oriented knowledge base for
BOKS instead of a regular rule-based knowledge base. While the current knowledge
base is certainly adequate for BOKS, an object oriented knowledge base would im-
prove maintainability. At the time BOKS was developed, however, there was no tool
available which would combine an object oriented knowledge model with the visual
representation of knowledge (in decision tables, for instance) and the easy integration
with a regular development tool. There has been demand for such a tool for some
years now [6], and at TNO one is currently in development. It is called "Intelligent
Objects’ (10) and will become available in 2001 [7]. If at that time a redesign of
BOKSisdesired, it will probably be done with thistool.

7 Comparison with Related Technologies

As a regular rule-based system BOKS has many of the features in common with clas-
sic systems such as MYCIN [8] and XCON [9], which basically belong to the cate-
gory of first generation knowledge systems. As the term implies, second generation
systems also exist and are considered to be more mature. These second generation
systems can be seen as a response to the knowledge acquisition bottleneck, where the
difficulty of transferring knowledge from the expert to a computer representation was
seen to fail. This failure was commonly attributed to communication problems and a
mismatch between human and computer representations [10]. A prime example of a
second generation approach is CommonKADS, a knowledge engineering methodol-
ogy that employs deep models to allow knowledge acquisition and maintenance to be
based on the design of an operational model of the domain. Modelling the knowledge
used explicitly is seen as an important aspect to construct comprehensible, controlla-
ble, maintainable systems [11].

A problem that both first and second generation systems seem to fall victim to is
the gap between prototype and industrial strength knowledge systems [12]. The effort
necessary to fit a knowledge system with a dedicated user interface and develop auxil-
iary facilities can constitute the majority of the development effort of a knowledge
system, caused in part by inadequacies in the tools used. This problem negatively
affects the acceptance of systems and can even lead to knowledge systems never
reaching their intended users.

The focus of the effort to develop BOKS employed a different route from the one
the model based approaches advise. An iterative and incremental development of the
knowledge was used, with participation of the expert in the modelling process, and
with a focus on developing an industrial strength system for a large group of users.
This is comparable to the evolutionary and business driven approach found in regular
software engineering techniques, like DSDM [13] and Rational Unified Process [14].
An important part of the development process was to design how the system would be



visualised and used, and the experts and users were also involved in decisions regard-
ing those aspects. The fact that components were available to integrate KBE knowl-
edge bases in a regular application, allowed great flexibility on the part of the devel-
opers to make an application to the user's liking.

Therefore, relating the development of BOKS to current directions of research,
BOKS has shown that a successful system, employed by many users, can be created
using a technology that has more in common with first generation than with second
generation systems. This does not entail that approaches such as CommonKADS are
wrong. It does, however, raise questions regarding the assumptions on why a specific
approach to knowledge system devel opment truly works well.

8 Conclusion

BOKS is an advanced, first generation knowledge based system which combines a
user-friendly interface with complex knowledge on the Dutch "Bouwstoffenbeduit"
(Bsh), laid down in a rule-based knowledge base using decision tables. BOKS allows
laymen in the area of the Bsb to adhere to the regulations it contains, without the need
of them obtaining deep understanding of the actual Bsb regulations. The system has
been developed using an iterative and incremental approach to the development of the
knowledge and the application as a whole, with participation of the experts in the
modelling process, and with a focus on developing an industrial strength system for a
large group of users. BOKS has shown in practice to be a successful and easily-used
implementation of the Bsh, with a mgjority of the intended user base actually employ-
ing the system.
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Software

BOKS is freely available from the Dutch Ministry of VROM. It can be downloaded from
www.minvenw.nl/rws/dww/boks. A preview version of the KBE, which is used to implement
the BOKS knowledge base, is available from www.bouw.tno.nl/bkr.



