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ABSTRACT 

The pape r p r e s e n t s a f o r m a l t o o l o f m o d e l l i n g 
o f c o n s t r u c t i o n a l d e s i g n , where t h e c a r d i n a l i s s u e 
i s knowledge r e p r e s e n t a t i o n . I t i s shown t h a t t h e 
s t r u c t u r e s o f c l a s s i c a l m a t h e m a t i c a l l o g i c , such a s 
t - t y p e m a n y - s o r t e d m o d e l s , can b e a p p l i e d a l m o s t 
d i r e c t l y t o r e p r e s e n t t h e w o r l d o f a c e r t a i n d e s i g n 
i n g t a s k . U s i n g t h e PROLOG programming s y s t e m , t h e 
l o g i c a l r e p r e s e n t a t i o n o f t h e t a s k y i e l d s , a t t h e 
same t i m e , i t s au toma ted s o l u t i o n . The most i m p o r 
t a n t moment o f m o d e l l i n g a t a s k o f t h i s k i n d i s 
f i x i n g t h e a p p r o p r i a t e t y p e o f t h e s t r u c t u r e s . A 
PROLOG program f o r d e s i g n i n g m a n y - s t o r i e d b u i l d i n g s 
i s t a k e n a s a n examp le . 

I INTRODUCTION 

The a im o f t h i s paper i s t o show a l o g i c - b a s e d 
method f o r m o d e l l i n g c e r t a i n t a s k s o f c o n s t r u c t i o n a l 
d e s i g n w h i c h h e l p s t o d e v e l o p r e a d y - t o - r u n Computer 
A i d e d Des ign (CAD) s y s t e m s . The main i d e a o f t h i s 
method i s t h e a p p l i c a t i o n o f t - t y p e m a n y - s o r t e d mo
d e l s o f c l a s s i c a l m a t h e m a t i c a l l o g i c t o r e p r e s e n t 
d e s i g n i n g p r o b l e m s . The f i n a l f o r m o f t h e l o g i c a l 
r e p r e s e n t a t i o n i s w r i t t e n i n a v e r y h i g h l e v e l 
language c a l l e d PROLOG, w h i c h can be d i r e c t l y r u n 
on a compute r . 

The p r o b l e m - s o l v i n g method d e s c r i b e d be low i s 
t h e g e n e r a l i z a t i o n o f t h e e x p e r i e n c e g a i n e d b y s o l v 
i n g a few t e c h n i c a l d e s i g n i n g t a s k s i n PROLOG [ 5 , 6 , 
7 , 8 j . W e s h a l l i l l u s t r a t e t h e a p p l i c a t i o n o f t h i s 
method on a c o n c r e t e a r c h i t e c t u r e d CAD t a s k , namely 
d e s i g n i n g m a n y - s t o r i e d a p a r t m e n t houses . 
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I l l MODELLING OF CONSTRUCTIONAL 

DESIGNING TASKS 

Let us consider a techn ica l designing task 
whose aim is to create a complex cons t ruc t ion using 
basic u n i t s , according to a given set of r u l e s : e .g . 
to compose many-stor ied houses of apartments or ma
chines of spare p a r t s . The basic un i t s are repre
sented by constants, wh i le the p a r t i a l const ruc t ions 
and the f i n a l cons t ruc t ion by compound expressions. 
Thus we can regula te the h ierarchy t h a t w i l l c o n s t i 
t u te the f i n a l cons t ruc t ion by de f i n i ng the type-
func t ion t of the t - t y p e model. 

We can a t tach cond i t ions to every step of mak
ing the cons t ruc t i on , i . e . the compound expression 
represent ing i t . The co ec t ion between the par ts 
o f the cons t ruc t ion is represented by r e l a t i o n s . I f 
in every stage of the designing process a l l requ i re -
ments of the cons t ruc t ion are given by the co r re 
sponding r e l a t i o n s , then, in f a c t , the necessary 
"knowledge" is g i ven , i . e . " the world o f the design" 
is de f ined . The choice of these r e l a t i o n s is but 
the d e f i n i t i o n of the type func t ion t . As a r e s u l t , 

c i f i c form which can be used by an automatic mecha
nism. Since t h i s s p e c i f i c form is noth ing else than 
formulas of l o g i c , the mechanism mentioned should 
be a c e r t a i n k ind of ca lcu lus . PROLOG is a computer 
system based on f i r s t - o r d e r l o g i c where the running 
of a program is c o n t r o l l e d by a complete ca lcu lus 
present in the i n t e r p r e t e r . 

A PROLOG i n t e r p r e t e r accepts Horn-clauses, i . e . 
imp l i ca t ions whose cond i t ions are connected by the 
l o g i c a l connect ive "and" , and have only one conc lu 
s ion . In t h i s paper we do not wish to give a de
t a i l e d desc r i p t i on of PROLOG. See [ l 0 , 11]. 

Note t ha t PROLOG is based on a one-sorted 
language. However, it does not make any d i f f e r e n c e , 
because the pa t te rn matching mechanism b u i l t in the 
deduction system of PROLOG automat ica l l y f u l f i l s 
the requirements t ha t only the terms of the c o r r e 
sponding so r ts should be subs t i t u ted f o r each o the r . 

I V . 1 . The task 

The task is to work out a model of the des ign
ing process of many-stor ied apartment houses in 
PROLOG which w i l l r e s u l t in a ready- to- run CAD 
system. Our purpose is to design one or more houses, 
so the d i f f e r e n t customer can choose from d i f f e r e n t 
ground-plans, and at the same time these b u i l d i n g s 

w i l l meet ce r t a i n techn ica l and func t i ona l r e q u i r e 
ments. 

One program w i l l provide a set of d i f f e r e n t 
ground-plans f o r every customer who can set a p r i o r 
i t y order excluding the less good ones. Another 
program w i l l design the whole b u i l d i n g , p lac ing the 
apartments beside and above one another. We can get 
several va r ian ts of bu i l d ings by changing the input 
data of the b u i l d i n g given by the a r c h i t e c t and/or 
by reorder ing or extending the computerized repre
sen ta t ion of the apartment va r i an ts stored in a 
d isc f i l e . The d e t a i l e d desc r ip t i on of the program 
system can be found in [6] 

The programs are run on an IBM 3031 computer of 
the Hungarian Academy of Sciences; the PROLOG sys
tem was i n s t a l l e d by Peter Kdves. The r e s u l t s of 
our PROLOG program was g raph ica l l y represented on 
a GD80 graphic d i sp lay [4] by IAsz l6 Andor and on 
a CALCOMP p l o t t e r by J u d i t Takacs. 

A t h r e e - s t o r i e d apartment house designed by the 
program is shown in F igs . 2 and 3. 

In order to be able to present the l o g i c a l mo
d e l l i n g of the task , we have to get acquainted 
w i t h the determining our 
model. 

The basic elements of an apartment are the c e l l s 
w i t h d i f f e r e n t s izes and f unc t i ons . According to 
t h e i r s ize the c e l l s can be c l a s s i f i e d i n t o two 
groups: narrow and wide c e l l s . The middle of the 
apartment is constructed by j o i n i n g three wide 
c e l l s , whereas the per imeter is made up by 2-4 
narrow c e l l s . An apartment cons is ts of the middle 
and the outs ide pa r t s together (F ig . 1 ) . 

A narrow or a wide c e l l is def ined by i t s func
t i o n and i t s v a r i a t i o n number. The func t ion of a 
c e l l can be the f o l l o w i n g : l i v i n g room, bedroom, 
k i t c h e n , d in ing- room, entrance, water-block (bath-
room + t o i l e t ) . The v a r i a t i o n numbers of the nar-
row and wide c e l l s de f ine the number and loca t ions 
o f the doors in the c e l l s . 

The basic u n i t s of a bu i l d i ng are the apar t 
ments. Two apartments and a s ta i rcase make one sec
t i o n . The ho r i zon ta l l i n k i n g of one or two sect ions 
make one l e v e l . The v e r t i c a l l i n k i n g of 2-4 leve ls 
makes one u n i t . Any number of un i t s l i nked hor izon
t a l l y make up one b u i l d i n g . 
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+EXISTSTAIR(*F1) 
-MEMBER ( * F 1 , *COD! *V) 
-CONSTANT (*COD) 
-EQUAL(*COD!*V, L ! L ) . 

The r e l a t i o n VERTICAL i s needed i n t h e s e l e c 
t i o n o f e v e r y a p a r t m e n t above t h e g round f l o o r . I t 
has two a r g u m e n t s , 

1 . t h e l o w e r a p a r t m e n t ( *M1;*F1) and 
2 . t h e upper a p a r t m e n t ( * M 2 ; * F 2 ) , 

and i t i s t r u e i f t h e f o l l o w i n g f o u r c o n d i t i o n s a r e 
f u l f i l l e d : 

-CENTRETYPE(*M1,*M2,*X) 
I t checks whe the r t h e m i d d l e w ide c e l l s o f t h e two 
a p a r t m e n t s a r e t h e same; i f t h e y a r e , i t g i v e s 
t h e i r v a l u e t o t h e v a r i a b l e *X . 

-WATERBLOCK(*X,*Fl ,*F2) 
The v a r i a n t * X a l r e a d y c o n t a i n s t h e v a l u e ( w i t h o r 
w i t h o u t ba th room) o f t h e m i d d l e c e l l . Depending o n 
t h i s v a l u e , t h e r e l a t i o n checks whe the r t h e k i t c h 
ens o r t h e k i t c h e n s p l u s ba th rooms a r e o n t o p o f 
one a n o t h e r i n t h e two a p a r t m e n t s . 

-ENTERING(*F l , *F2) 
I f t h e r e i s a n e n t r a n c e i n each a p a r t m e n t , i t 
checks w h e t h e r t h e y a r e on t o p o f one a n o t h e r . (The 
h a l l o f t h e m i d d l e c e l l can a l s o b e t h e e n t r a n c e ; 
i n t h i s case t h e r e i s n o e n t r a n c e i n t h e n a r r o w 
segments . ) 

-VERSTAIR( *F l , *F2 ) 
I f a s t a i r c a s e b e l o n g s t o each a p a r t m e n t , i t checks 
whe the r t h e y a r e o n t o p o f one a n o t h e r . 

No te t h a t t h e d e f i n i t i o n o f t h e a u x i l i a r y r e l a 
t i o n s TRESAME, MEMBER, ENTRANCE, UNDER is w i t h h e l d 
h e r e b u t t h e y a r e o f c o u r s e d e f i n e d i n t h e r e a d y -
t o - r u n p r o g r a m . 

VI CONCLUSION 

A new t e c h n i q u e f o r t h e s o l u t i o n o f CAD p r o b 
lems i s p r e s e n t e d and i l l u s t r a t e d o n a n a r c h i t e c 
t u r a l examp le . The d e s i g n i n g knowledge i s r e p r e s e n 
t e d i n t h e f o r m o f ax ioms d e s c r i b e d i n t h e l a n 
guage o f m a t h e m a t i c a l l o g i c . The c a l c u l i o f l o g i c 
w h i c h m a n i p u l a t e t h e s e ax ioms can be used to mo
d e l d e s i g n i n g p r o c e s s e s . 

I n t h i s paper w e w i s h t o p o i n t o u t t h a t t h e 
d e c i s i v e s t e p i n t h e above method i s t h e s e l e c 
t i o n o f t h e adequa te t y p e o f l a n g u a g e . I f H o r n -
f o r m u l a s a r e u s e d , t h e n t h e d e s c r i p t i o n o f t h e 
t e c h n i c a l p r o b l e m can be c o n s i d e r e d as a p rogram 
w r i t t e n i n PROLOG. 
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