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Abstract. BOKS is a knowledge based system which implements the
"Bouwstoffenbesluit" (Bsb), the Dutch regulations on the use of building materials. 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 allow people to check
whether they are using building materials according to the law. BOKS was implemented as a first generation rule-based system using decision tables. This paper 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
$W WKH HQG RI WKH WZHQWLHWK FHQWXU\ DQG WKH VWDUW RI WKH WZHQW\ILUVW FRQFHUQ IRU WKH
HQYLURQPHQWLQLQGXVWULDOFRXQWULHVEHFRPHVPRUHDQGPRUHLPSRUWDQWDQGSHRSOHDUH
VHHNLQJZD\VWRGHDOZLWKWKHSUREOHPVRILQGXVWULDOZDVWH,QWKLVUHVSHFWWKH'XWFK
JRYHUQPHQW DFWLYHO\ SURPRWHV UHXVH RI EXLOGLQJ PDWHULDOV DV ORQJ DV WKLV IRUPV QR
WKUHDWWRWKHKHDOWKRIWKHHQYLURQPHQW:LWKWKHSXEOLFDWLRQRIWKH%RXZVWRI
IHQEHVOXLW DJRYHUQPHQWDOGHFLVLRQRQEXLOGLQJPDWHULDOVLWVQDPHLVDEEUHYLDWHGWR
%VE WKHJRYHUQPHQWVWULYHVWRSURWHFWVRLODQGZDWHUZKLOHDWWKHVDPHWLPHVWLPX
ODWLQJ WKH UHXVHRIVHFRQGDU\EXLOGLQJPDWHULDOV6LQFH-DQXDU\WKH%VEKDV
EHFRPHDVHWRIRIILFLDOUHJXODWLRQVDQGHYHU\EXLOGLQJFRQWUDFWRULVOHJDOO\ERXQGWR
FRQIRUPWRWKHP>@
7KH %VE UHJXODWLRQV DUH DSSOLFDEOH LQ VLWXDWLRQV ZKHUH SULPDU\ DQG VHFRQGDU\
EXLOGLQJ PDWHULDOV DUH WUDQVSRUWHG WR D EXLOGLQJ VLWH WR EH XVHG WKHUH ,I WKHUH LV QR
RIILFLDOTXDOLW\DVVXUDQFHRIWKHPDWHULDOWREHXVHGDVSHFLILHGQXPEHURIVDPSOHVRI
WKHPDWHULDOPXVWEHWDNHQWREHH[DPLQHGLQDODERUDWRU\WRGHWHUPLQHWKHTXDQWLWLHV
DQGHPLVVLRQVRIWKHGLIIHUHQWFRPSRQHQWVLQWKHPDWHULDO%DVHGRQWKHVHODERUDWRU\
ILQGLQJVLQFRPELQDWLRQZLWKWKHH[DFWSXUSRVHWKHFRQWUDFWRUKDVIRUWKHPDWHULDOWKH
%VEGHFLGHVZKHWKHUWKHPDWHULDOFDQEHXVHGDQGLIVRXQGHUZKLFKFRQGLWLRQV
7KHPDLQSDUWRIWKH%VELVFRQFHUQHGZLWKWKHGHWHUPLQDWLRQRIWKHFDWHJRU\RIWKH
EXLOGLQJPDWHULDO7KHGLIIHUHQWFDWHJRULHVDUH

− &OHDQVRLO ,IWKHPDWHULDOIDOOVLQWKLVFDWHJRU\LWFDQEHXVHGZLWKRXWUHVWULFWLRQV
− &DWHJRU\ &DWHJRU\PDWHULDOVFDQEHXVHGZLWKRXWUHVWULFWLRQVLQWKHVLWXDWLRQ
WKHEXLOGLQJFRQWUDFWRUKDVVSHFLILHG2QHRIWKHFRQVHTXHQFHVLVIRULQVWDQFHWKDW
LIWKHFRQWUDFWRUKDVVSHFLILHGWKDWKHZLOOXVHWKHPDWHULDOLQDOD\HUZLWKDVSHFLILF
KHLJKWKHFDQ WDGGWRWKDWKHLJKWZLWKRXWUXQQLQJWKHULVNRIWKHPDWHULDOIDOOLQJLQ
DQRWKHUFDWHJRU\
− &DWHJRU\  &DWHJRU\  PDWHULDOV FDQ RQO\ EH XVHG LI WKH\ DUH LVRODWHG IURP WKH
HQYLURQPHQWDQGHYHQWKHQRQO\LQWKHSDUWLFXODUVLWXDWLRQWKHFRQWUDFWRUVSHFLILHG
− Unusable: Most building materials cannot be used at all 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 .QRZOHGJHRIWKH%VE
7KHJRYHUQPHQWSXEOLFDWLRQRIWKH%VEFRQVLVWVRISDJHVRIWH[W>@7KLVWH[WLV
GLIILFXOWWRXVHQRWRQO\EHFDXVHRIDOOWKHOHJDOHVHEXWDOVREHFDXVHWKHUHDUHQXPHU
RXVWDEOHVIRUPXODVUHIHUHQFHVVFKHPDVIRRWQRWHVDQGH[FHSWLRQVZKLFKDOOKDYHWR
EH WDNHQ LQWR DFFRXQW DQG ZKLFK DUH IRXQG GLVWULEXWHG WKURXJKRXW WKH GRFXPHQWV
RIWHQZLWKRXWUHIHUHQFHVDWWKHUHOHYDQWSRLQWV3UDFWLFHKDVVKRZQWKDWHYHQ%VEH[
SHUWVILQGWKDWLWLVGLIILFXOWWRXVHWKH%VEFRUUHFWO\EHFDXVHLWHDV\WRIRUJHWWRWDNH
DQ H[FHSWLRQ RU D IRRWQRWH LQWR DFFRXQW 2Q WKH RWKHU KDQG RQFH WKH %VE KDV EHHQ
DSSOLHGWRDSDUWLFXODUVLWXDWLRQWKHUHVXOWVRIWKHDQDO\VLVDUHHDV\WRXQGHUVWDQG
7R GHWHUPLQH WKH FDWHJRU\ RI D PDWHULDO WKH %VE H[SHUW MXVWQHHGVWKHODERUDWRU\
ILQGLQJV DQG D GHVFULSWLRQ RI WKH DSSOLFDWLRQ VLWXDWLRQ 7KH DQVZHU QHHGHG IURP WKH
H[SHUWLVZKLFKRIWKHVL[SRVVLEOHFDWHJRULHVWKHPDWHULDOEHORQJVWR7KHLQSXWWKDW
LVWKHODERUDWRU\VXSSOLHGOLVWDQGWKHVLWXDWLRQGHVFULSWLRQFDQHDVLO\EHXQGHUVWRRG
DQG VXSSOLHG E\DOD\PDQ7KHRXWSXWWKHFDWHJRU\RIWKHPDWHULDOFDQEHXQGHU
VWRRG DQG XVHG E\ D OD\PDQ 7KH SURFHGXUH WR JHW IURP LQSXW WRRXWSXWLVFRP
SOH[ KRZHYHU HYHQ IRU H[SHUWV DQG HYHQ WKRXJK WKH SURFHGXUH LV XQLTXHO\ GHWHU
PLQHGLQWKHUHJXODWLRQV
6RZKLOHWKHNQRZOHGJHODLGGRZQLQWKH%VELVZHOOGHILQHGLWLVGLIILFXOWWRDSSO\
LWLQSUDFWLFH6WLOOHYHU\EXLOGLQJFRQWUDFWRULVUHTXLUHGWRDGKHUHWRWKH%VE$VHDUO\
DV LQ  WKH 0LQLVWHULDO 'HSDUWPHQW UHVSRQVLEOH IRU WKH GHYHORSPHQW RI WKH %VE
UHFRJQLVHG WKH GLIILFXOWLHV LQ PDNLQJ SHRSOH XVH WKHVH UHJXODWLRQV XQOHVV WKH\ ZHUH
PDGHPRUHDFFHVVLEOH7KH.QRZOHGJH%DVHG6\VWHPVGHSDUWPHQWRI712%XLOGLQJ
&RQVWUXFWLRQ5HVHDUFKZDVDVNHGWRGHWHUPLQHLIWKH%VEFRXOGEHLPSOHPHQWHGLQD
NQRZOHGJHEDVHGV\VWHP712EXLOWDSURWRW\SHZKLFKUHVXOWHGLQLQDSURMHFW
WR LPSOHPHQW D FRPSOHWH V\VWHP 7KH ILUVWYHUVLRQZDVUHOHDVHGHDUO\LQXQGHU
WKHQDPH%2.6 %RXZVWRIIHQEHVOXLW2QGHUVWHXQHQG.HQQLVJHEDVHHUG6\VWHHP 
DWWKHVDPHWLPHWKH%VEEHFDPHDVHWRIRIILFLDOUHJXODWLRQV7KHWKLUGYHUVLRQLP
SOHPHQWLQJ WKH ODWHVW FKDQJHV WR WKH UHJXODWLRQV ZDV UHOHDVHG LQ $XJXVW  &XU
UHQWO\%2.6LVVXFFHVVIXOO\EHLQJXVHGE\DERXWSHRSOHZKLFKDPRXQWVWRWKH

PDMRULW\ RI WKH SRWHQWLDO XVHU EDVH (YHQ WKH IHZ KXPDQ H[SHUWV RQ WKH %VE XVH
%2.6 VLQFH WKH\DJUHHLWJLYHVPRUHDFFXUDWHHYDOXDWLRQVWKDQWKH\GRWKHPVHOYHV
5HYLHZVRI%2.6LQPDJD]LQHVDQGQHZVSDSHUVKDYHEHHQJHQHUDOO\IDYRXUDEOH

3 BOKS
$ NQRZOHGJHEDVHGV\VWHPLVDFRPSXWHUSURJUDPZKLFKFRQWDLQVH[SHUWNQRZOHGJH
LQ D FHUWDLQ DUHD DQG ZKLFK PDNHV WKLV NQRZOHGJH DYDLODEOH WRWKHXVHU%2.6LVD
NQRZOHGJHEDVHGV\VWHPZKLFKFRQWDLQVNQRZOHGJHRQWKH%VERUUDWKHUNQRZOHGJH
RIKRZDQH[SHUWXVHVWKH%VE%2.6FDQMXVWOLNHDQH[SHUWDVNWKHXVHUTXHVWLRQV
DERXW KLV SDUWLFXODU VLWXDWLRQ OLNH ZKDW LV WKH QDPH RI WKH PDWHULDO" ZKHUH LV LW
XVHG"DQGZKDWDUHWKHHPLVVLRQYDOXHVWKHODERUDWRU\UHSRUWV" DQGDIWHUWKHFRQ
VXOWDWLRQSURYLGHWKHXVHUZLWKWKHVDPHFRQFOXVLRQVDQH[SHUWZRXOGUHDFK



Fig. 1. %2.6VKRZVWKHUHVXOWVRIWKHODERUDWRU\UHVHDUFKLQDVSUHDGVKHHWOLNHOLVW7KHULJKW
PRVWFROXPQVKRZVIRUHDFKFRPSRQHQWZKDWWKHFDWHJRU\RIWKHEXLOGLQJPDWHULDOZRXOGEHLI
WKDW SDUWLFXODU FRPSRQHQW ZRXOG EH WKH RQO\ RQH ZKLFK ZDV XVHG WR GHWHUPLQH WKH FDWHJRU\
7KH UHVXOWLQJ RYHUDOO FDWHJRU\ FDQ EH GHGXFHG IURP WKHVH LQWHUPHGLDWH FDWHJRULHV 7KLV ILQDO
UHVXOWLVDOVRYLVLEOHXQGHUWKHFDWHJRU\JRDOEXWWRQDWWKHXSSHUOHIWVLGHRIWKHVFUHHQLQWKLV
FDVHWKHHQFLUFOHGQXPEHU

7KH QDWXUH RI WKH TXHVWLRQV %2.6 DVNV LV VXFK WKDW D OD\PDQ FDQ DQVZHU WKHP
6RPHWLPHV D VLWXDWLRQ DULVHV LQ ZKLFK D PRUH GLIILFXOW TXHVWLRQ LV DVNHG RQH ZKLFK
PRVWXVHUVPD\EHDEOHWRDQVZHUEXWVRPHRIWKHPPLJKWQRW,QWKDWFDVHWKHXVHULV
DOORZHG WR DQVZHU , GRQ W NQRZ DQG %2.6 ZLOO WU\ WR ILQG RXW WKH DQVZHU WR WKH
TXHVWLRQE\DVNLQJDIHZGLIIHUHQWHDVLHUWRDQVZHUTXHVWLRQV%2.6GHWHUPLQHVLQDQ
LQWHOOLJHQWZD\ZKLFKTXHVWLRQVLWZLOODVN,WFRQWDLQVDERXWGLIIHUHQWTXHVWLRQV
EXWXVXDOO\RQO\DERXWRIWKRVHDUHDFWXDOO\SRVHGWRWKHXVHUGXULQJDFRQVXOWDWLRQ
7KH%2.6LQIHUHQFHGHWHUPLQHVDWHDFKPRPHQWZKLFKTXHVWLRQQHHGVWREHDQVZHUHG
QH[W
$V LV XVXDOO\ WKH FDVH ZLWK H[SHUW V\VWHPV %2.6 FDQ W GLVFXVV TXHVWLRQV ZKLFK
DUHQ WH[SOLFLWO\EXLOWLQWRWKHV\VWHP7KHFXUUHQWUHOHDVHRI%2.6FDQRQO\GHWHUPLQH
WKHDQVZHUWRVL[JRDOTXHVWLRQV
−
−
−
−
−
−

,VWKH%VEDSSOLFDEOHWRWKHXVHU VVLWXDWLRQ"
:KLFKLVWKHFDWHJRU\WKHEXLOGLQJPDWHULDOEHORQJVWR"
:KDWSURFHGXUHVPXVWWKHXVHUIROORZZKHQKHXVHVWKHPDWHULDO"
:KDWUHTXLUHPHQWVDUHSRVHGRQWKHDSSOLFDWLRQRIWKHPDWHULDO"
+RZVKRXOGDVDPSOHRIWKHPDWHULDOEHWDNHQDQGH[DPLQHG"
+RZKLJKLVWKHXVHUDOORZHGWRVWDFNWKHPDWHULDO"

7KHVHVL[JRDOTXHVWLRQV RUUDWKHUWKHILUVWILYHJRDOTXHVWLRQV DUHVXIILFLHQWWRDOORZ
OD\PHQWRPDNHVXUHWKH\DGKHUHWRWKH%VE

4 Advantages of the Use of BOKS
The last goal question mentioned above (the determination of the maximum height the
user is allowed 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 a little 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 maximum 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 this is 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 opposed 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 account, 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
the time.
− 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 always
provide the same answer.
− BOKS has built-in reporting facilities. For a human expert, the writing of reports is
a tedious and time-consuming activity. BOKS 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 discussed 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 is relatively easy to get users to adhere to new versions of the regulations. If the
Bsb changes, which happens regularly, the BOKS knowledge base must be updated
once and then be redistributed to the users. This is 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, incidentally, 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, this is 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 all 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 ,PSOHPHQWDWLRQRI%2.6
,W LV FRPPRQ SUDFWLFH ZLWK NQRZOHGJH EDVHG V\VWHPV WR SODFH WKH DFWXDO NQRZOHGJH
RXWVLGHWKHSURJUDPLWVHOILQDNQRZOHGJHEDVH7KHPDLQUHDVRQIRUWKHH[LVWHQFHRI
WKLVVHSDUDWHNQRZOHGJHEDVHLVWKDWLWVKRXOGEHHDV\WRPDLQWDLQWKHNQRZOHGJH1RW
RQO\FDQVXFKDNQRZOHGJHEDVHEHFKDQJHGZLWKRXWFKDQJLQJWKHDFWXDOSURJUDPLW
FDQDOVREHPDLQWDLQHGXVLQJDVSHFLDOWRROZKLFKDOORZVWKHXVHUWRYLHZDQGHGLWWKH
NQRZOHGJHLQDXVHUIULHQGO\ZD\VRHYHQVRPHQRQSURJUDPPHUVFDQGRLW
$ FRPPRQPHWKRGWRVWRUHNQRZOHGJHLQDNQRZOHGJHEDVHLVLQWKHIRUPRIUXOHV
8VXDOO\UXOHVDUH,)7+(1VWDWHPHQWVOLNH,)WKHEXLOGLQJPDWHULDOLVXVHGRQ
WKHLQVLGHRIDEXLOGLQJ7+(1WKH%VELVQRWDSSOLFDEOH7KHUHDUHDOWHUQDWLYHZD\V
WR LPSOHPHQW NQRZOHGJH OLNH LQ WKH IRUP RI FDVHV RU LQ D QHXUDO QHWZRUN  EXW D
NQRZOHGJHGRPDLQFRQVLVWLQJRIUHJXODWLRQVLVSDUWLFXODUO\VXLWHGWREHLPSOHPHQWHG

LQDUXOHEDVHGV\VWHPDQG%2.6GRHVMXVWWKDW7KH%2.6NQRZOHGJHEDVHLVEXLOW
DQGPDLQWDLQHGXVLQJWKH.QRZOHGJH%DVH(GLWRU .%( 7KLVLVDWRROGHYHORSHG
E\712ZKLFKPDLQWDLQVNQRZOHGJHEDVHVFRQVLVWLQJRIGHFLVLRQWDEOHV>@$GHFL
VLRQWDEOHLVDYLVXDOUHSUHVHQWDWLRQRIDSLHFHRIUXOHEDVHGUHDVRQLQJ )LJ %2.6
FRQWDLQVDERXWRIWKHVHWDEOHV
7KH%2.6NQRZOHGJHEDVHZDVEXLOWE\DNQRZOHGJHHQJLQHHU .( ZKRZRUNHG
LQ FORVH FROODERUDWLRQ ZLWK %VE H[SHUWV 7KH.(XVHGLQWHUYLHZVWRTXHVWLRQWKHH[
SHUWVRQWKHXVHRIWKH%VEDQGLPSOHPHQWHGWKHUHVXOWVRIWKRVHLQWHUYLHZVLQGHFLVLRQ
WDEOHV7KLVRIWHQOHGWRQHZTXHVWLRQVZKLFKZHUHDJDLQSRVHGWRWKHH[SHUWV7KLVLV
D UHJXODU SURSRVH DQG UHYLVH DSSURDFK WR NQRZOHGJH DFTXLVLWLRQ %HFDXVH RI WKH
FRPSOH[LW\RIWKH%VEWKH.(FRXOGQ WGLUHFWO\XVHWKHUHJXODWLRQVWKHPVHOYHVWREXLOG

Fig. 2. This is a decision table which determines the category a non-soil building material belongs 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 alternatives, 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 left side of the
alternatives (columns R1-R5) is used to continue the evaluation process, and otherwise the right
side (columns R6-R9) is used. The next condition is "Material 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 belonging to the value of the conditions, the evaluation process ends up in one of the cells on the bottom row. These cells contain the "action alternatives", 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"
(A1). 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. 
7KH.%(DOORZVWKHFRQVXOWDWLRQRISDUWLDOO\ILQLVKHGNQRZOHGJHEDVHVHYHQRILQ
GLYLGXDOGHFLVLRQWDEOHVDQGWKH.(DQGWKHH[SHUWVXVHGWKLVWRWHVWWKHLPSOHPHQWHG
NQRZOHGJH 7KH .( RIWHQ FKRVH WR LPSOHPHQW D VPDOO SLHFH RI NQRZOHGJH IRU LQ
VWDQFHDFDOFXODWLRQRUDQH[FHSWLRQVSHFLILHGLQDIRRWQRWHLQRQHVHSDUDWHGHFLVLRQ
WDEOH7KLVSLHFHRINQRZOHGJHFRXOGWKHQEHWHVWHGVHSDUDWHO\IURPWKHZKROHNQRZO
HGJH EDVH 7KHGHFLVLRQWDEOHVWKHPVHOYHVZHUHDOVRGLVFXVVHGZLWKWKHH[SHUWV%H
FDXVH RI WKH ZD\ GHFLVLRQ WDEOHVPDNHDQLQIHUHQFHYLVLEOHWKHH[SHUWVZHUHDEOHWR
UHYLHZWKHNQRZOHGJHLPSOHPHQWHGLQWKHNQRZOHGJHEDVHDQGFRXOGHDVLO\GHWHUPLQH
ZKHWKHUWKHNQRZOHGJHZDVFRUUHFWDQGFRPSOHWH
%HVLGHV D NQRZOHGJH EDVH %2.6 FRQWDLQV D GDWDEDVH RI EXLOGLQJ PDWHULDOV IRU
ZKLFK PDQ\ RI WKH DQVZHUV WR TXHVWLRQV WKH NQRZOHGJH EDVH PLJKW DVN DUH DOUHDG\
NQRZQ WKRXJK%2.6LVQRWUHVWULFWHGWRWKHVHPDWHULDOV %VEH[SHUWVFDQHDVLO\DGG
WR WKLV GDWDEDVH 7KH %2.6 UHSRUWV DUH DOVR VWRUHG LQ D VHSDUDWH ILOH ZKLFK KDV DQ
;0/VWUXFWXUHDQGWKRVHUHSRUWVFDQWKHUHIRUHDOVREHPDLQWDLQHGE\WKH%VEH[SHUWV
/DVWEXWQRWOHDVW%2.6FRQWDLQVWKHFRPSOHWHWH[WRIWKH%VEDQGWKHUHSRUWVK\SHU
OLQNWRWKHUHOHYDQWSDUDJUDSKVLQWKLVWH[W7KH%2.6SURJUDPLWVHOILVLPSOHPHQWHG
XVLQJWKH%RUODQGGHYHORSPHQWHQYLURQPHQW'HOSKL
7KH WLPH QHHGHG IRU WKH LPSOHPHQWDWLRQ RI WKH ILUVW YHUVLRQ RI %2.6 ZDV DERXW
 PDQ KRXUV QRW FRXQWLQJ WKH ZRUN ZKLFK ZDV VSHQW RQ D SURWRW\SH ILQLVKHG LQ
$ERXWRIWKHWLPHZHQWWRWKHEXLOGLQJRIWKHNQRZOHGJHEDVHWRWKH
EXLOGLQJRIWKHDSSOLFDWLRQDQGWKHUHSRUWVDQGWKHUHPDLQGHUZHQWWRWHVWLQJDQGDG
PLQLVWUDWLYH WDVNV 7KLV H[FOXGHV WKH WLPH H[SHUWV VSHQW RQ WKH GHYHORSPHQW RI WKH
V\VWHPEXWSUDFWLFHLQGLFDWHVWKDWWKLVPXVWKDYHEHHQDERXWKDOIWKHPDQKRXUVVSHQW
E\WKHGHYHORSHUV
Because of BOKS’ user-friendliness and the fact that BOKS only asks simple questions, 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 obvious 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 improve 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" (IO) and will become available in 2001 [7]. If at that time a redesign of
BOKS is desired, it will probably be done with this tool.

7 Comparison with Related Technologies
$VDUHJXODUUXOHEDVHGV\VWHP%2.6KDVPDQ\RIWKHIHDWXUHVLQFRPPRQZLWKFODV
VLF V\VWHPV VXFK DV 0<&,1 >@ DQG ;&21 >@ ZKLFKEDVLFDOO\EHORQJWRWKHFDWH
JRU\ RI ILUVW JHQHUDWLRQ NQRZOHGJH V\VWHPV $V WKH WHUP LPSOLHV VHFRQG JHQHUDWLRQ
V\VWHPV DOVR H[LVW DQG DUH FRQVLGHUHG WR EH PRUH PDWXUH 7KHVH VHFRQG JHQHUDWLRQ
V\VWHPVFDQEHVHHQDVDUHVSRQVHWRWKHNQRZOHGJHDFTXLVLWLRQERWWOHQHFNZKHUHWKH
GLIILFXOW\RIWUDQVIHUULQJNQRZOHGJHIURPWKHH[SHUWWRDFRPSXWHUUHSUHVHQWDWLRQZDV
VHHQWRIDLO7KLVIDLOXUHZDVFRPPRQO\DWWULEXWHGWRFRPPXQLFDWLRQSUREOHPVDQGD
PLVPDWFK EHWZHHQ KXPDQ DQG FRPSXWHU UHSUHVHQWDWLRQV >@ $ SULPH H[DPSOH RI D
VHFRQG JHQHUDWLRQ DSSURDFK LV &RPPRQ.$'6 D NQRZOHGJH HQJLQHHULQJ PHWKRGRO
RJ\WKDWHPSOR\VGHHSPRGHOVWRDOORZNQRZOHGJHDFTXLVLWLRQDQGPDLQWHQDQFHWREH
EDVHGRQWKHGHVLJQRIDQRSHUDWLRQDOPRGHORIWKHGRPDLQ0RGHOOLQJWKHNQRZOHGJH
XVHGH[SOLFLWO\LVVHHQDVDQLPSRUWDQWDVSHFWWRFRQVWUXFWFRPSUHKHQVLEOHFRQWUROOD
EOHPDLQWDLQDEOHV\VWHPV>@
$ SUREOHP WKDW ERWK ILUVW DQG VHFRQGJHQHUDWLRQV\VWHPVVHHPWRIDOOYLFWLPWRLV
WKHJDSEHWZHHQSURWRW\SHDQGLQGXVWULDOVWUHQJWKNQRZOHGJHV\VWHPV>@7KHHIIRUW
QHFHVVDU\WRILWDNQRZOHGJHV\VWHPZLWKDGHGLFDWHGXVHULQWHUIDFHDQGGHYHORSDX[LO
LDU\ IDFLOLWLHV FDQ FRQVWLWXWH WKH PDMRULW\ RI WKH GHYHORSPHQW HIIRUW RI D NQRZOHGJH
V\VWHP FDXVHG LQ SDUW E\ LQDGHTXDFLHV LQ WKH WRROV XVHG 7KLV SUREOHP QHJDWLYHO\
DIIHFWV WKH DFFHSWDQFH RI V\VWHPV DQG FDQ HYHQ OHDG WR NQRZOHGJH V\VWHPV QHYHU
UHDFKLQJWKHLULQWHQGHGXVHUV
7KHIRFXVRIWKHHIIRUWWRGHYHORS%2.6HPSOR\HGDGLIIHUHQWURXWHIURPWKHRQH
WKHPRGHOEDVHGDSSURDFKHVDGYLVH$QLWHUDWLYHDQGLQFUHPHQWDOGHYHORSPHQWRIWKH
NQRZOHGJH ZDV XVHG ZLWK SDUWLFLSDWLRQ RI WKH H[SHUW LQ WKH PRGHOOLQJ SURFHVV DQG
ZLWK D IRFXV RQ GHYHORSLQJ DQ LQGXVWULDO VWUHQJWK V\VWHP IRU D ODUJH JURXS RI XVHUV
7KLVLVFRPSDUDEOHWRWKHHYROXWLRQDU\DQGEXVLQHVVGULYHQDSSURDFKIRXQGLQUHJXODU
VRIWZDUHHQJLQHHULQJWHFKQLTXHVOLNH'6'0>@DQG5DWLRQDO8QLILHG3URFHVV>@
$QLPSRUWDQWSDUWRIWKHGHYHORSPHQWSURFHVVZDVWRGHVLJQKRZWKHV\VWHPZRXOGEH

YLVXDOLVHGDQGXVHGDQGWKHH[SHUWVDQGXVHUVZHUHDOVRLQYROYHGLQGHFLVLRQVUHJDUG
LQJ WKRVHDVSHFWV7KHIDFWWKDWFRPSRQHQWVZHUHDYDLODEOHWRLQWHJUDWH.%(NQRZO
HGJHEDVHVLQDUHJXODUDSSOLFDWLRQDOORZHGJUHDWIOH[LELOLW\RQWKHSDUWRIWKHGHYHO
RSHUVWRPDNHDQDSSOLFDWLRQWRWKHXVHU VOLNLQJ
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 development 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 "Bouwstoffenbesluit"
(Bsb), 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 Bsb, with a majority of the intended user base actually employing the system. 
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