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Abstract. In this paper we consider architectural layout problem that seeks to determine the layout of Units based on
lighting, heating, available sizes and other objectives and constraints. For a conceptual design of architectural layout we
present an approach based on evolutionary search method known as the genetic algorithms (GAs). However, the rate of
convergence of GAs is often not good enough at their current stage. For this reason, the improved genetic algorithm is
proposed. We have analysed and compared the performance of standard and improved genetic algorithm for architec-
tural layout problem solutions and presented the results of performance.
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1. Introduction

Architectural conceptual design [1, 2] has been de-
fined as the initial phase of design process during which
the designer takes a specification for an object to be de-
signed and generates many broad solutions on it where
each solution should be sufficiently detailed. In order to
generate new solutions the designer either uses novel
components or combines known components in a novel
way.

Conceptual design is one of the most critical be-
cause at this phase the bulk of the decisions, which de-
termine outcome performance and cost are taken. At the
end of conceptual design phase, 80 % of the costs of a
designed object have been determined and yet most at-
tempts to reduce costs occur. Furthermore, most errors
in design are due to the use of a flawed conceptual de-
sign and the effects of poor conceptual design can never
be rectified by good detailed design [3—6].

Architectural layout has been recognised as an im-
portant activity in architectural conceptual layout-plan-
ning by field practitioners and researchers. Architectural
layout is concerned with finding feasible locations and
dimensions for a set of interrelated components that meet
all design requirements and maximise design quality [7].

First, the conceptual architectural layout problem is
defined as the problem of 1) identifying the shape and
size of the components (rooms or walls) to be laid out,
2) identifying constraints between components, and 3)
determining the relative positions of these components
that satisfy the constraints between them. Next, design
objectives to optimise for are specified. This combinato-

rial problem is known to be NP-hard [8] and comes
mainly through the freedom to place components on the
plane. An attempt to perform topological optimization
has been reported in [9].

There are different classes of layout problems that
have been studied in literature: variations in the shape
and size of components and the constraints between them.
Layout components may have defined shape (square,
rectangular etc) or a loose shape that is undesirable in
layout stage. Furthermore, most existing algorithms
handle rectangular components. Rectangular components
may have: variable area with fixed aspect ratio, fixed
area with (upper and lower bounded) continuously vari-
able aspect ratio, fixed area with discrete allowed aspect
ratio and variable area with (upper and lower bounded)
continuously variable aspect ratio.

In the layout problem addressed here, the rooms
have rectangular shape with variable size area, continu-
ously variable aspect ratio and are placed by designer in
order to avoid the NP-hard problem.

A number of methods have been developed for sup-
porting aspects of conceptual design based on constraints.
In some methods conceptual designs are represented
as systems of algebraic constraints (equations) [10], oth-
ers use interactive constraint processing with human
designer [11].

Several approaches to implement conceptual design
have been developed: case-based reasoning, knowledge-
based approaches and adaptive methods.

Case-based reasoning (CBR) is a relatively new ap-
proach to decision automation [12] based on the premise
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that new problems can be solved by modifying solutions
to previously solved problems.

The knowledge-based approaches are based on a set
of rules [15] or explanation-based reasoning [14] that
provides the inference mechanism with the information
needed to support the designer during the design pro-
cess.

Adaptive search describes search and optimization
techniques, such as genetic algorithms [15-17] and simu-
lated annealing [18] that are heuristic in nature. In gen-
eral, adaptive search techniques have been used as a basis
for automated design applications. The goal of these ap-
plications has been improving the features of existing
designs through the optimization of variables defined
within the system. In order to enhance the search power,
such techniques is often used in combination with oth-
ers.

Several hybrid algorithms [7] using a combination
of simulated annealing (SA) and gradient-based ap-
proaches, such as sequential quadratic programming
(SQP) have been developed to find solutions for con-
ceptual architectural layout problem. In this method, SA
is used to search for a good starting point, and SQP is
applied to find the local minimum near each starting
point. In this way SA can search the space more glo-
bally with large moves, while SQP worries about the
details. SQP can find several different local optima de-
pending on where the start is chosen. Each point that
SA selects is evaluated by locally optimizing it. Because
of the local method nature, solutions are likely to be
inferior local optima.

Some researchers have used just simulated anneal-
ing to search for an optimal solution [19]. The imple-
mentation of simulated annealing scheme relies on a lay-
out representation where a new solution is generated and
examined by perturbing the initial design state applying
move operator. If a new design leads to an improvement
in the objective function, this design is accepted and
becomes the current state. If the new design leads to an
inferior state, it may still be accepted with some prob-
ability (temperature). This method works with one solu-
tion at a time, to search for an optimal solution.

However, the preferable solution produced for the
problem of this type has been found the genetic algo-
rithm (GA) [20] as a robust global optimization approach.
Rebaudengo and Sonza Reorda have obtained hybrid
genetic algorithm [21] for layout problem, Gero and
Kazakov have used the extension of genetic algorithms
[22], which is based on the concepts of genetic engi-
neering.

The main advantage of using a GA is that while
other methods always process single solution in the search
space, genetic algorithms maintain a population of po-
tential solutions.

Although GAs can solve complicated engineering
optimization problems much more effectively than tradi-
tional optimization methods, their rate of convergence in

solving the problems is still not so good for many real-
istic problems. In this paper, the evolutionary direction
operator has been proposed to improve the existing stan-
dard genetic algorithm. The improved GA is analysed,
studied empirically and compared, in feasibility and per-
formance evaluation, with standard GA for architectural
conceptual layout problem. The simulation results dem-
onstrate the improvements of the new algorithm to stan-
dard GA for studied architectural layout problem.

2. Architectural layout problem
2.1. Problem formulation

In the paper we deal with traditional architectural
layout problem that seeks to find the non-overlapping
geometry and size of a group of interrelated components
(Units). The genetic algorithms have to position the Units
in a meaningful, feasible way that meets all design speci-
fications and optimizes the layout.

A Unit is defined as a rectangular, orthogonal space
allocated for a specific architectural function. Using this
representation, rooms, hallways, doorways, and building
boundary are all represented as combinations of orthogo-
nal rectangular Units. Fig 1 shows a Unit represented as
a centre point of rectangle (x, y), and the perpendicular
distance from that point to each of the four walls (E, W,

N, S).
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Fig 1. Representation of Unit

According to this representation design variables can
be expressed as:

Xg =X+E, (1)
Xy =x-W, )
YN=Y+N, 3)
Ys=Y-S, “4)
l=E+W, (5)
w=N+S. (6)

Such representation allows easily detect an overlap-
ping area of the Units. Two Units, presented in Fig 2,
are non-overlapping if one of the following inequalities
is satisfied:
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(X 2 Xg ) OR (Xnf = Xgi ) OR (Y5 2 Ynj) OR
(Yg 2 YNi). @)

A building boundary is a Unit that has other Units
inside it. This Unit is not considered as living space.
The building boundary is shown in Fig 3 by a thick line.
Rooms are Units that serve for living activity. A hallway
is a Unit with no physical walls that is not a living space.
Hallways function as pathways. A doorway is a hallway
that is constrained to geometrically intersect two Units.

YNi
Ni
Xwj >5,Y1) |
Xwi (Xi,Yi) XEi
Ysi
Ysi

Fig 2. Two non-overlapping Units

Doorways are generally restricted to be small, and
they are forced to intersect two other Units. They func-
tion to keep the two Units adjacent and connected, and
to ensure that there is room for a door or opening be-
tween the rooms. The differentiation between living and
non-living space is important only in optimization ob-
jectives that maximise the amount of space used for liv-
ing relative to all other space.

Bathroom

|3

[S] | ~Boundary

Bedroom

Fig 3. An example layout showing building boundary, four
different types of Units and doorways

In Fig 3, the external rectangle represents the build-
ing boundary, the living room, bedroom, and bathroom
are rooms, the hall is a hallway, and the three Units la-
belled “D” are doorways that define space between Units.

2.2. A theory of conceptual design

The model of conceptual design process can be re-
garded as a set of requirements that the designed object
must satisfy. Fig 4 illustrates the model of conceptual
design process.

It can be seen that conceptual design is an iterative
process during which the designer generates a set of al-
ternative solutions for an object based on a design speci-
fication. The design specification will contain a set of
requirements that the object to be designed must satisfy.
Based on these requirements, the designer begins, an it-
erative process of solution generation. During this pro-
cess he will develop a solution that is intended to satisfy
the design specification. This solution is then evaluated
and compared against any solutions that have already
been developed. Based on this comparison, the designer
will choose to accept, improve or reject a particular so-
lution. The process of solution generation will be repeated
many times in order to ensure that a sufficiently large
number of solutions have been considered.

| Design specifications |

/ Solution generation \

Develop a solution

—

Evaluate and

Acceptireject/
improve
solution

compare
solutions

- /

Best solution

Fig 4. The model of the conceptual design process

Two categories of design requirements can be iden-
tified: functional requirements and physical requirements.
The functional requirement is that the designed object
can provide and physical requirements are that the de-
signed object can satisfy.

The example of design specification for an archi-
tectural layout is presented in Fig 5.

Design specification

Functional Requirements:
Minimise cost

Physical requirements:
. the Units must be inside the main building boundary
. two Units cannot occupy the same space
. the doorways must be ensured
the windows must be ensured
. the area of Units must be minimal
. the ratio of Unit must be minimal
the window width cannot be larger than the wall width
the specific rooms must have minimal natural lighting

0L RN —

Fig 5. Design specification for architectural layout
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In this paper, functional requirement to minimise
cost can be considered as a set of objectives: heating
cost objective, lighting cost objective, wasted space ob-
jective, doorways objective and hallway objective.

3. Mathematical model of architectural layout opti-
mization problem

Based on the conceptual framework, five-objective
and eight constraints non-linear programming was used.

The minimise heating cost objective estimates heat-
ing loss during cold months. The annual energy cost to
heat the building is calculated as a function of the build-
ing boundary Unit shape, volume, surface area, and ma-
terial as well as environment conditions. It is assumed
that windows on all Units are constrained against exter-
nal walls. The heating cost objective function is then:

f1=Theat = (KgasXQheaI )/nheater , 3

where Theqy is the total heating cost, Kgas is the cost
of gas per cubic metre, Qnegt 1S the annual heat lost and
Nheater 18 the efficiency of the heater in Watts per cubic
metre of gas. The entire procedure of heating loads can
be found in [23].

The minimised lighting cost objective minimises the
cost spent on lighting the building by encouraging natu-
ral lighting. The amount of natural lighting in room i,
and the calculations of total required cost if all of this
light is provided by electric lighting can be found in [23].
The total cost is:

f2 =Tiight =Fe|ec_(z,®i ]BA]-O_S, 9)
|

where ©; is the amount of natural lighting, i is the set
of Units, Tjjgy is the total lighting cost, I'gec is the
maximum possible electricity cost and B, is the num-
ber of hours of available light per months. The entire
procedure of lighting cost can be found in [23].

The minimise wasted space objective minimises
building space that is not living space. This could be
space used for hallways or unallocated space inside the
building boundary. The objective is formulated as:

f3=[|1W1— Z'ka), (10)

ke Rooms
where 1 indicates Unit 1 and l{,w is the length, width
of Unit 1, which is assumed to be the building boundary
Unit, Il,,,W is the length, width of room and £ is the
number of rooms.

The minimised doorways objective brings connected
Units together. Doorways may be constrained to be small
to keep Units together. This objective can be used to
bring Units together if possible, but allow them to be
separated if necessary, providing that there is a doorway
between them. The objective is formulated as:

f4={ 2w ) (11
|le Doorways

where |;,W are the length, width of doorway and / is
the number of doorways connecting Units together.

The minimised hallway objective is used to provide
extra living space where possible. The objective is for-
mulated as:

f5=[ Zlmwm]» (12)
me Hallways

where |y, Wy, are the length, width of hallway and m is
the number of hallways.

These objectives can be combined into a single
objective function using a weighted sum of the individual
objective functions. The programming model can be ex-
pressed as follows:

5
minimise > Wy fa(X) (13)
n=1
subject to
YNi SYNj YS SYSXE SXE X S X, (14)
min (Xgj — X, Xgi — X YN — Y YN —Yg) <0, (15)
min{ max(d;,d;) — Xgj + X
max(d;,d;) = Xg; + Xy

max(d;,dj) - ynj + Vs, (16
max(d;,d;) - yni +Yg} <0,
min{ (xg —xg)% 0wt = Xag)?,

Ei ) g) (X ;M an
(Ys —¥g)(Yni —¥Yn) 3 =0,

Apini —liw <0, (18)

Rminili =W <0 and  Ryipiwi —I; <0, (19)

O‘)NiSIi’O‘)S Sli,OJEiSVVl,(D\M SVVl, (20)
o
Pmini — - <0. (21)
Aiereqi
where i, j = 1, ..., n, two interrelated Units;

Xnis Xgi s YNi» Yg € R, is the Unit west, east, north and
south wall location respectively; ®y;,®gj,®ni,Og € R, ,
is the width of west, east, north and south window loca-
tion respectively; d;,d j is the minimum size for a door
or opening in Unit i, Unit j; Ayni is the minimum area
of Unit i; A 1is the area of Unit i; Ry is the mini-
mum ratio of Unit i; Byeg; is the required natural light-
ing per square metre; Qminj 1S the minimum percentage
of required lighting that is provided by natural light.

In expression (13), f (x) is the nth objective function,
wn is the weight (relative importance) of the nth objective
function, and n is the total number of objective func-
tions. Objective functions are measured in different units
and after obtaining results, weights can be adjusted to
compensate and guide the design to desired results.
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The constraint group (14) forces Units inside the
main building boundary. The constraint functions (15)
are used to prevent intersection of two Units from occu-
pying the same space. The constraint group (16) is used
when Units are forced to intersect in order to ensure
access (doorways). The constraints (17) are used to force
a Unit to the edge of a building boundary because of a
window or external door. The bound size constraint (18)
includes constraint to bound the area of a Unit. Unit area
is only reduced to improve objective functions, such as
cost objective. The minimum ratio constraint group (19)
can be used to maintain a desired aesthetic scheme or
prevent long, narrow rooms that may not be usable. The
feasible window constraints (20) ensure that the window
width cannot be larger than the wall it is on. In addition,
these constraints ensure feasible window size. The bound
lighting constraint (21) is used to ensure minimum natu-
ral lighting for specific rooms. An estimation of the
amount of daylight entering a Unit with windows is cal-
culated using environmental and material information.

This non-linear, non-smooth mathematical formula-
tion of design problem is undesirable for gradient-based
calculations. So, for the solution of such a problem we
apply genetic algorithm.

4. Architectural layout representation by GA

When designing a genetic algorithm for a given
problem, choosing the representation (ie constructing the
chromosome) is the first step. A common representation
used in the genetic algorithms is the fixed length bit
string. In case of more complex problems a more so-
phisticated representation leads to better results.

For example, the architectural layout consists of four
rectangular components (Fig 6) with variable parameters.
Each Unit requires six parameters to fully define their
geometry. Layout is defined by a number of non-over-
lapping components.

A genotype for layout, represented in Fig 6, con-
sists of a single chromosome of four blocks and each
block consisting of eight genes:

I
N2
1 . 1
ynt Xw2 (x2,¥2) Xe2g
N4
5| Xwi (X,y1) XE _
_ yn3 ys2
Xw4 (X4,y4) Xe4
g
o X3 I XE3
3] (X3,Y3)
L Ys4 /s L
T ys3
I, 16 |,

Fig 6. An example of architectural layout

Z = (%0, Y1, XE1 X1 YN Ysts 11, W), (X2, Y2, XE2, X2,
YN2s Ys2:12,Wo), (X3, V3, XE3, Xv3s YN3s Ysas 13, Wa), (22)
(Xa» Ya: X4, Xwas YN4» Ysa,l 4, Wa))-

This arrangement corresponds to the layout parti-
tioning representation used to define the phenotype, with
each block of genes being a coded Units shape and each
gene being a coded parameter. In further calculations all
variables are expressed as X variables.

In our case the problem consists of function optimi-
zation over real valued parameters. In such situations,
real valued chromosome representation, in comparison
with binary strings, can lead faster to the desired solu-
tion because we do not use transformation from real
values to the genetic code.

5. Improved genetic algorithm

5.1. Evolutionary direction operator based genetic
algorithm

Many researchers investigate how to increase the
efficiency of genetic algorithm. Several tools have been
implemented for searching the optimal layout [7], includ-
ing a hybrid genetic algorithm GALLO [24], which ex-
ploits heuristic techniques, integrates them into the ge-
netic approach and thus improves the performance of GA.
GALLO procedure based on graph theory. A second
hybrid search strategy was built on integration of global
optimization methods such as genetic algorithms or simu-
lated annealing with gradient-based algorithms [7]. How-
ever, this strategy is usually time consuming since it needs
to evaluate gradients and can find locally optimal designs.

We think that the integration of different approaches
is not the most perspective strategy and propose to im-
prove the existing GA. In order to find the global op-
tima efficiently, the implementation of evolutionary di-
rection operator is the preferable strategy for solving the
architectural layout problem under consideration. This
operator does not require evaluation of gradients and thus
is much less time-consuming than the gradient-based
optimiser.

5.2. Evolutionary direction operator

The proposed evolutionary direction operator can
be constructed as follows. Evolution from a present in-
dividual to an individual in the next generation is deter-
mined by two parental individuals of the present indi-
vidual as well as their fitness. An individual is assumed
to be represented by n values:

2=(2,25,..,2y) , (23)
where each component value z represents a design pa-
rameter. The value of z is assumed ranging from Z yin
t0 Zjmax » 1€

Zmin<Z <Zmx, i=1,2,.., n (24)
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With the use of the evolutionary direction operator
the individuals of the next generation, ie children, are
determined from the individuals at the present and the
fitness of the present individual and parents. The child
(Zc1:2c001Zcn) 1s expressed as follows:

Zgi =max[MiN(Z', Z max), Zmin] » 1= 1. 2, ..o ny (29)

7 =7 +S-Sgn(F —Fpy)(z —zpy) +T -sign
(F = Fp2)(Z —2py),

S,T € [0,1].

Here (Zp11,2p12;--Zp1n) is @ parent 1 with fitness
value Fpy, (Zp21,2Zp2o,--iZpon) 1s a parent 2 with fit-
ness value Fps and (7,2,...,2,) is a present individual
with fitness value F.

From the above definitions, it can be seen that two
directions of the evolution have been obtained: one from
parent 1 to the present and the other from parent 2 to
the present. The evolution to the next generation is de-
termined from these two directions by using equation
(25). The contribution of the direction from parent 1 is
expressed by the second term of the right-hand side of
equation (26), whereas that of the direction from parent
2 is by the third term. The random parameters S and T
give the magnitude of the contributions of the two direc-
tions to the evolution. The signs of the directions are
selected depending on whether or not the present fitness
is improved through the evolution from the parents.

For architectural layout problem, presented in sec-
tion 4, two parent chromosomes were chosen for repro-
duction:

(26)

Parent 1:

Zp1 = ((Xp11, YP11, XP1EL XPaw1, YPIND: YPist:| P11, Wp11),
(Xp12, YP12: XP1E2, XPaw 2, YPIN2» YP1S2:| P12, WpR12),

(Xp13: YP13: XP1E3: XPIW3: YPIN3, YP1s3:! P13, Wp13),

(Xp14, YP14+ Xp1E4s XP1w 4, YPIN4s YP1s4:| p14: Wp14)) — Fpr.
(27)

Parent 2:

Zpp = ((Xp21, YP21, Xp2EL: XP2W1: YP2N1L: YP2st: | P21 Wp21),
(Xp22: Yp22: Xp2E2: XP2W 2, YP2N 2: YP252: P22, WP22),
(Xp23: YP23: Xp2E3: XP2w3: YP2N3: YP2s3: P23, Wp23),
(Xp24. Yp24: Xp2E4: XP2W 4, YP2N 4 YP254: P24, Wp24)) = Fp2.
(28)
The child produced by evolutionary direction op-
erator would be:

Child:

Zc = ((Xc1 Ye1, XceL Xewt Yont Yests e Wer),
(X2, Y2, XcE2: Xew2: Yen 2, Yes2s ez, We2),

(Xc3: Ye3: XcEss Xews: Yo s Yesa:lca: Wea),

(Xc4: Yca XcE4: Xewa: Yon4: Yesaslca Wea)) — Fe.

(29)

Fig 7 shows how a child Zs is determined given
the properties of two parent chromosomes Zp; and Zpy;

‘ Evolutionary Direction Operator (25) ‘

Child

Fig 7. The child determined by evolutionary direction
operator

The genotypes (27, 28, 29) corresponding pheno-
types (layout designs) are represented in Fig 8.

Parent 1 Parent 2

Evolutionary Direction Operator (25)

Child

Fig 8. The phenotype (child) evolved by evolutionary
direction operator

Fig 8 provides geometrical interpretation of the child
generated by evolutionary direction operator using the
properties of two parents.

6. Case study

In this section we study and compare the perfor-
mance of standard genetic algorithm and evolutionary
direction operator genetic algorithm [25, 26]. The initial
concept of particular layout is sketched out (Fig 9).

The problem under consideration consists of three
bedrooms, a bathroom, dining room and a living area
with a hallway structure consisting of two parts. Con-
nections are defined as shown in Fig 9 by adding door-
ways (a rectangular Unit marked ‘D’) between Units.
Each Unit is initialised with its own constraints for a
minimum area, minimum and maximum length and width.
Unit constraints are represented in Table 1.

Default constraints such as constraints to force all
Units inside the building bounds (14), to prohibit inter-
section (15) between all Units combinations, doorways
constraints (16) that force intersection between the door-
way and each of the connected Units such that the inter-
section overlap is large enough for a door, feasible win-
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Table 1. Room constraints

Room Min area (sq m) Min length (m) Max length (m) Min width (m)  Max width (m)
Living Room 25,00 4,50 6,50 4,00 6,00
Dining Room 12,00 3,50 5,50 1,80 5,40
Bedroom 1 22,00 3,40 5,49 4,50 6,00
Bedroom 2 20,00 4,00 6,10 3,40 6,10
Bedroom 3 10,00 3,50 5,50 2,50 5,20
Hall 1 10,00 5,40 6,50 1,20 3,00
Hall 2 10,00 2,50 5,00 2,50 5,00
Bathroom 10,00 2,50 5,00 2,50 5,00
16,03
13,92
B 1 1
Bathroom Bathroom
Living Room Bedroom1 Living Room Bedroom1
mom L~
m——
: T e 1 5
o allway ] [«>) 1 Hall 2
2 Unallway 1 E [DJ Hallway 1 e
[ o] - (
 —|
Bedroom 2 o Bedroom 2
Dining Roo | Bedroom 3 Dining Room Bedroom 3

Fig 9. Initial layout

dow constraints (20) and constraints allowing to force a
Unit to a particular wall (17), minimum area (18) and
minimum ratio constraints (19) and others constraints are
automatically added. Windows height can be fixed for
each Unit, and all windows are allocated along external
walls.

Next, design objectives are optimised. In this study,
we have minimised annual heating cost, lighting cost,
wasted space, doorways and hallways.

The experiments have been performed with 94 vari-
ables, 156 constraints, a population size of 940, genera-

14,95
Bathroom
Living Room Bedroom1
—
[D]
o ,—‘ - D
[aV)
c - 2 0 Hallway 277
Hallway 1 { D} [ E|
1 [ | il
e D
-
Bedroom 2
Dining Room Bedroom 3
a)

Fig 10. Optimal architectural layout design found by im-
proved GA

tion number of 800, crossover probability Pc = 0,6,
mutation probability Pm = 0,125 and evolutionary direc-
tion operator probability Ped = 0,6.

In this study, the GA-based optimization programme
was run 5 times. The initial population of solutions is
generated randomly with no feasible initial starting point.
Selection evaluates candidate solutions, while crossover
and mutation synthesise new solutions. Intermediate re-
sults of performance of improved genetic algorithm after
300 and 650 iterations are shown in Fig 11.

The optimal architectural layout design was found
by improved GA and it is shown in Fig 10.

14,39
1 1
Bathroom
Living Room Bedroom1
—
D [
g o] 9
<
=] i — 1 Hallway 275
Hallway 1 |:|::| [ ﬂ
- !_|n | ] l? | |
I [
Bedroom 2
Dining Room Bedroom 3
b)

Fig 11. Two intermediate architectural layouts generated by improved genetic algorithm a) after 300 iterations;

b) after 650 iterations
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The results of the performance of standard genetic
algorithm and improved genetic algorithm are given in
Table 2.

Table 2. Results of performance of standard GA and improved GA

Genetic algorithm | Worst | Average | Best | Time, s
Standard GA 742 660 609 188
Improved GA 708 600 550 156

In Table 2 the best solution is the optimal solution
found by standard GA and improved GA after a compu-
tational time of 188 s and 156 s respectively. The aver-
age result can be evaluated as division of sum of objec-
tive function values by population size.

It is not difficult to observe that the improved ge-
netic algorithm have better rate of convergence and can
find better solution than standard GA in solving archi-
tectural layout optimization problem.

7. Conclusions

Though GA is superior to the traditional methods in
solving the complex architectural conceptual layout de-
sign problem, the rate of convergence is still far from
satisfactory. In this paper an improved GA is proposed,
analysed in comparison with standard GA in the conver-
gence performances. Applied genetic algorithm for present
layout problem adopts a new evolutionary direction op-
erator that allows some offspring to be generated refer-
encing their parents evolving tendencies.

The experiment results demonstrate that the im-
proved GA has better performance not only in the rate
of convergence but also for the solution quality to solve
the conceptual architectural layout problem.
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ARCHITEKTURINIO PATALPU ISDESTYMO UZDAVINIO OPTIMIZAVIMAS TAIKANT PAGERINTA
GENETIN] ALGORITMA

R. Bausys, 1. PankraSovaité
Santrauka

Architektiirinio patalpy iSdéstymo tikslas — rasti kiekvienos patalpos parametrus, forma bei patalpy konfigiiracija, kurie
minimizuoty bendra plota ir tenkinty visus apribojimus. [vertinti ir kiti architektriniai kriterijai, tokie kaip ap$vietimo
ir Sildymo sanaudy mazinimas.

Toks uzdavinys priklauso kombinatoriniy uzdaviniy klasei, kuriems sprgsti dazniausiai taikomi genetiniai algoritmai.
Genetiniai algoritmai, skirtingai negu kiti optimizavimo metodai, pasizymi globaliu ieskojimo btdu ir gebéjimu operuoti
visa sprendiniy populiacija. Tafiau genetiniy algoritmy efektyvumas ir konvergavimo greitis néra pakankami. Sickiant
pagerinti genetinj algoritma, sitiloma taikyti evoliucinj krypties operatoriy, kuris nesiremia informacija apie gradienty
skai¢iavimus. Taip sumazinamos laiko sanaudos, reikalingos optimaliam patalpy iSdéstymo uzdavinio sprendiniui rasti,
ir pageréja optimalaus sprendinio kokybé.

Raktazodziai: architektiirinis patalpy iSdéstymas, kambariy iSdéstymas, konceptualus projektavimas, optimizavimas,
genetiniai algoritmai.

Romualdas BAUSYS. Prof Dr Habil. Head of Dept of Graphical Systems, Vilnius Gediminas Technical University,
Lithuania. Professor, 2001: Doctor Habil (technological sciences), 2000; Assoc Prof, 1996; Doctor (technical sciences),
1989. Research interests: computational mechanics, spatial decision support technologies, image processing technolo-
gies, analysis and design of engineering information systems.

Ina PANKRASOVAITE. MSc, PhD student in the Dept of Graphical Systems, Vilnius Gediminas Technical University,
Lithuania. Research interests: application of genetic algorithms in computer-aided design.

21



