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LAYOUT OF FUNCTIONAL MODULES
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OF AUTOMATIC TELLER MACHINES
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Abstract:

In this study we address the preliminary design for the
module layout and bill conveyance routes of automatic
teller machines (ATMs). We determine a two-dimensional
layout for the modules as below that are approximately rec-
tangular if the ATM is viewed from the side. ATMs require the
compact placement of modules within the chassis and con-
veyance routes that smoothly circulate bills. However, the
intersection and overlapping of routes by which the bills are
conveyed in opposite directions are not allowed. Applying
the bottom-left method and route-design-oriented packing
method to the layout of the modules and the direction-ori-
ented maze routing expediting branching and interflow of
routes to the bill conveyance route, the application orders
are optimized simultaneously using genetic algorithms
(GAs). Results show that suitable designs for the ATM in-
cluding the case when modules are selected as well as placed
are achievable using the above simultaneous optimization.
The design intention is expressible by changing the weights
associated with chassis dimensions, route lengths and the
number of route bends, which compose the objective func-
tion. The proposed method is useful for efficiently advanc-
ing the preliminary design of ATMs. Finally, if island models
pursuing individual targets are used along with a GA, the
design becomes even more efficient.

Keywords: module layout, routing, simultaneous opti-
mization, genetic algorithms, design intention, Island
Model

1. Introduction

A high demand exists for optimal design through parts-
location decision making. This is particularly true for the
layout of parts with particular shapes and functions and se-
quential routing in machinery for chemical plants and duct-
work, manufacturing machine location, and conveyer rout-
ing. Numerous promising solutions exist for such design
problems despite the fact that the problems themselves
are numerically limited. For this reason, it is impossible to
evaluate each solution. Subsequently, it is necessary to ob-
tain an optimal solution. Regarding simultaneous decision-
making processes for the location and routing of parts, Ses-
somboon and coworkers [1]-[3] examined the problem of
machine layout and conveyance routes for automated guid-
ed vehicles involved in manufacturing processes. That study
concluded that the entire process, namely, the workplace
layout designed by the bottom-left (BL) method and the
route obtained using graphical method and genetic algo-
rithms (GAs), should be optimized by simulated annealing
(SA). Shirai and Matsumoto [4] dealt with workplace block
and aisle location issues using the Packing Method for lo-
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cation and the Maze Routing Method for determining the
aisles’ orientation; they carried out optimization by SA as
did Sessomboon and coworkers.

The authors [5] studied the above-mentioned optimi-
zation issue targeting the preliminary design of automatic
teller machines (ATMs). ATMs require the compact place-
ment of modules while avoiding their overlap and a route
for bills to circulate smoothly. Moreover, neither the inter-
section of routes nor the overlapping of routes that con-
vey the bills in opposite directions is allowed, because the
direction of bill conveyancein ATMs is fixed. Therefore, the
authors [6] decided to use a Maze Routing Method that has
high flexibility regarding the shape of the route and can be
sed to determine the shortest primary path. We improved
this method so that the branching and merging can be ef-
ficiently performed for ATM functions. We called our meth-
od direction-oriented maze routing (DOMR). Meanwhile,
in the case of setting multiple routes using the maze-rou-
ting method, the route order is generally determined on
the basis of the route priorities, which are obtained from
information on nesting methods and the amount of traf-
fic, because the solution depends on the search order. In
contrast, the authors optimize the route-setting order us-
ing GAs and thereby suggest an optimal design method for
module layout using the BL method while determining the
optimal route using DOMR. The proposed method is gener-
ally effective, but some improvements remain regarding
the compact placement of modules when there are no re-
strictions on module shapes.

The arrangement of modules using the BL method is re-
stricted by the module shapes. In this paper, therefore, we
first suggest a layout method that combines the secondary
allocation issue and the packing method; subsequently, we
clarify its effectiveness by applying the method to the pre-
liminary design of ATMs. Next, we evaluate the validity of
the design method issues pertaining to its flexibility when
modules are to be selected as well as placed. In addition,
we demonstrate that designing the arrangement according
to specificintentions is possible by changing the weights of
the objective function. Lastly, we consider a method of ef-
ficient processing by introducing decentralized processing
in the GAs using an island model.

2. Module layout and route-design issues in
preliminary atm design

2.1. Modules and Routes to Realize ATM Functions

The overlapping of modules in terms of depth is not ap-
parentifan ATMis viewed from the side. For this reason, ATM
design can be conceptualized as a two-dimensional layout
problem. Figure 1 shows the placement of the modules in
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a grid space (x, y). We refer to the individual grid areas as
cells. All modules are rectangular; the location of module i
is expressed in centroid coordinates as P _(x, y,). To simplify
the design task, the routeis set as being parallel to the axis.
Our method does not deal with shapes with diagonals. In
addition, the route has a direction for bill conveyance; only
one route existsin each cell. Table 1 shows the names of the
modules and their dimensions in cell units. Figure 2 illus-
trates the bill conveyance routes that connect the modules
containing the bill-out and bill-in apertures.
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Figure 1. Module and route modeling.

Table 1. Modules of ATMs.

Code Module Size
A Bill entrance unit 5*3
B Bill verifying unit 3*5
CA Temporary stacker A 3*3
(B Temporary stacker B 3*3
D Loading cassette 5*9
K1 Cashbox 1 3*9
K2 Cashbox 2 3*9
K3 Cashbox 3 3*9
R1 Reject box 1 5*3
R2 Reject box 2 5*3
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Figure 2. Module layout and routing.

Every ATM requires the flows of bills to realize the four
functions shown in Figure 3. For example, in the case of
a deposit, after validating the billin the bill-verifying unit
B, which has come from the bill entrance unit A, different
processes might ensue: i) a bill might be returned to the
bill entrance unit; ii) a defective bill might be stored in re-
ject box R1 or R2; oriii) a bill might be stored in cashbox
K1-K3 for subsequent reuse. The bills are conveyed along
different routes according to the situation. A total of 15
routes are necessary to implement all the necessary func-
tions; these routes are illustrated in Figure 2. The module
codes and route numbers indicated in Figure 3 are those
shown in Table 1 and Figure 2.
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Figure 3. Modules and routes necessary for ATM functions
((1) deposit, (2) withdrawal, (3) load, (4) check).

2.2 Formulation of the Design Problem

This design method aims to place m rectangular mod-
ules that differ in dimensions and to set n routes. The fo-
llowing information is required.
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1. Dimensions, i.e., verticaland horizontal lengths, of
modules,

2. Locations of bill-in and bill-out apertures for each
module,

3. Modules at the starting point and ending point of
each route.

On the basis of this information, the design problem is

formulated as follows.

min. f, = w,L+w,B+w C+w S (1)

In this equation, L, B, Cand S are penalties, as below:

L: Total route length by cell unit;

B: Number of route bends;

C: Number of crossings with other routes;

S: Size of the smallest rectangle that contains the

modules.

As mentioned above, those penalties are expressed by
the number of cells. Weights w. correspond to the respec-
tive performances; the values assigned to them reflect
the designer’s intention. For instance, if the weight of §
increases, the design places more emphasis on compact-
ness. If the weights of L and B are increased, the route
length and number of bends are expected to decrease;
such a design accelerates ATM processing. The bill conve-
yance routes do not intersect. Therefore, C must be zero.
However, it is difficult to express this condition as posi-
tive in the objective function. Therefore, the objective
function is expressed as a linear combination including C;
and intersections are avoided by assigning a large weight
to C. In this design, the number of modules mis 10 and the
number of routes n is 15.

3. Method of module layout and routing

3.1. Layout Design of Modules

Various methods such as (a) the quadratic assign-
ment program (QAP) [7], (b) computerized relation-
ship layout planning (CORELAP) [8], and (c) flexible bay
structure (FBS) [9] have been proposed for the layout
design of modules. Method (a) deals with the problem
of distributing N modules among N candidate sites. The
modules, however, are defined as points; they are not
considered as shapes. In method (b), the modules are
considered as shapes, but because other modules are
sequentially adjacent to one module, the concavity and
convexity of the outer shapes become critical. In method
(c), candidate sites at which modules are placed first
determined in rows. Then the modules are loaded every
row. Accordingly, this method results in a comparatively
orderly module layout.

If an ATM is viewed from the side, it be regarded as
a two-dimensional layout. Methods (b) and (c) thereby
become applicable. Size and shape differences among the
modules are considerable, and the number of modules to
be arranged is comparatively small. Consequently, the fo-
llowing two layout methods were chosen for this study.

(1) BL Method [10]

In the original method, modules are inserted from
the upper right of the layout area; they are first moved
to the bottom and then to the left until the modules can
no longer be moved. Figure 4 shows an example of layout
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design using this method. Here, module 3 is inserted at
first, next, module 2, 4 and 1 are inserted in order. In
this study, the upper and left boundaries are set. Mod-
ule A, the bill entrance unit, is fixed in the upper left
of the area; thus, the BL method is applied under the
upper-left condition. One empty cell is reserved around
individual modules to secure a route-setting area. The
BL method determines the layout according to the order
of module placement. Therefore, the order of placing the
modules in the layout area is the variable in this design
problem.

Sequence
l (3,24.1,...)
4 ---- I ...........
1 2
3

Figure 4. Algorithm of the BL method.

(2) RDOP Method

The modules” shapes sometimes restrict layout
design using the BL method. Therefore, we suggest
a layout design method that combines the secondary
allocation issue and the packing method. We call this
route-design-oriented packing (RDOP) method. The flow
of this method is depicted in Figure 5. It is similar to the
BL method in that the upper and left boundaries of the
layout area are fixed. The modules are placed in the fo-
llowing order.

Step 1:

To secure the route-setting area, one empty cell is
placed to the right and below the modules containing
the bill-in and bill-out apertures, as shown by the sha-
ded areas in the Figure 5. Equal-sized rectangular areas,
which can accommodate all the modules including the
extra spaces mentioned above, are allocated in the grid.
The number of rectangular areas is identical in both the
vertical and horizontal directions and is the minimum
number required to accommodate all the modules. The
number of modules is 10 in this design problem. There-
fore, the number of rectangular areas is 4*4=16, as
shown in Figure 5(a).

Step 2:

Figure 5(b) shows that modules are moved to the up-
per left of the rectangular areas based on the module lay-
outinformation.

Step 3:

The border lines of the design area are moved simulta-
neously up and to the left, until they abut other modules.
This process is portrayed in Figure 5(c).

Using this method, it is possible to produce a compact
layout without being restricted by the modules’ shapes.
The design variables for this method are the module ar-
rangement information that is initially given for the rec-
tangular areas.
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Figure 5. Algorithm of the route-design-oriented packing method.

3.2. Route Design by Direction-Oriented Maze Rout-

ing Method

The maze-routing method has been used in such cases
as wiring design in VLSI [11]; this method provides the
shortest route from the starting point to the end pointin
the design area while avoiding obstacles. For instance,
to avoid obstacles in Lee’s algorithm [12], weights are
applied to the labels. Existing routes are considered as
obstacles. Therefore, this weighting is effective for the
avoidance of route crossings. However, route crossings are
actually unavoidable in this problem because the routing
for bill conveyance in ATMs is complicated.

For ATM design, the bill-conveyance direction is set for
every route. Although the intersection and overlapping
of conveyance routes with route in the opposite direction
are not permitted, branching and merging are allowed in
route design, under the condition that the routes proceed
in the same direction. Branching and merging should be
promoted because merging has the advantage of short-
ening the total length of routes. Consequently, a new
maze-routing method is suggested using labeling that en-
courages merging while prohibiting intersection and over-
lapping with routes in the opposite direction. This method
is called direction-oriented maze routing (DOMR) [6].

Figure 6 shows the process of labeling and route
searching using the DOMR method. In Figure 6(a), the
white rectangular blocks represent modules. Solid lines
and arrowheads respectively indicate existing routes and
their directions; the broken line is the route that is chosen
from starting point S to terminal point T.

The obstacles described above are denoted as X in
Figure 6(b). The cell that is under consideration is S, and
the newly labeled cells are S”; the initial state is S'=S, and
label L, is 1. Label numbers are given to S”, which are lo-
cated abovw, below, left and right of S" by the following
procedure. Here, four more cellsin the same directions are
also considered at each stage [4].

Rule 1:
The stage is terminated without labeling if cell S is X.
Rule 2:
If the label value of S already exists and it is smaller
than the label value to be given, then the stage is termi-
nated without updating the label.
Rule 3:
If the label value does not exist for S or if it does ex-
ist but is larger than the label value to be given, then the
label value is updated.
Rule 4:
If S” is not on an existing route, S is moved to the
cell next to where it was initially located asin L, = L +20.
(Here, the added value to the label, +20, is to be adjusted
according to the area size and the route). In the example
shown in Figure 6(b), S"is the cell (3, 4) and the labeling
of S”is performed in the regions (1, 4)-(2, 4) and (4, 4)-
(7, 4).
Rule 5:
The following sub rules are applied if S is on an exist-
ing route that is in the same direction as the cell to be
labeled or S”is on the point of inflection.
1) If the new label value to be given to S is less than
that of the cell next to S” and on the S’ side, then
the stage is terminated without updating S”.

2) Inother cases, L, = L"+1is applied. S is moved by
one more cellif itis on the forward-direction route.
An example of this case when S"isat (3, 5) and S” is
at (3, 6)-(3, 9) in Figure 6(c).

3) The stage is terminated if S” is on the point of in-
flection. For example, when S”is at (3, 4) and S is
at (3, 5) in Figure 6(b).

Rule 6:

If S” is on an existing route and is neither in the for-
ward direction nor at a point of inflection, the turn is ter-
minated by labeling L,”" = L"+120. (This additional value of
+120 s also to be adjusted according to the area size and
the route.) This case is represented by the situation when
S’isat(3,5) and S"is at (4, 5) in Figure 6(c).
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Rules 4-6 enable branching and merging. Using these
rules, the minimum label is given to the cell that is on an
existing route in the same direction. Therefore, the newly
determined route merges with on existing route as soon
as possible and proceeds along this existing route for as
long as possible.

Following these rules, the operation is repeated with
the newly labeled S”" as S’ until all cells have been com-
pletely updated; the result is shown in Figure 6(c). After
having finished labeling, as in Lee’s algorithm, the algo-
rithm searches up/down and left/right from the starting
pointT. A new starting point T is created if a smaller label
number exists than the current value. The label with the
smaller number of cell movements is adopted if the same
label numbers exist. The process continues until T’ reach-
es S. This process is portrayed in Figure 6(d). The symbol
denotes T'. The route from T to S passing through T’, if the
point T" reaches S.

4. Simultaneous optimization of design based
onga

4.1. Simultaneous Optimization of Module Layout

and Route Design

The design of the module layout and route is affected
by the order of module placement, as mentioned above.
Therefore, it is necessary to optimize this order. For the
optimization method, we use a GA [13].

Inthe BLmethod, to express 10 modules and 15 routes,
the integers 0-24 are used as strings. Figure 7 shows the
string composition. The genetic loci 0-9 represent the
module numbers shown in Table 1. As shown in the fig-
ure, the order of information extracted from the genetic
locus determines the insertion order for the modules. Loci
10-24 are the route numbers shown in Figure 2 or Figure
3 with 10 added to them. Therefore, deducting 10 from
these values in the genetic locus gives the information is
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(a) Prescribed layout of routes with their
own direction-oriented maze routing

(b) Labeling of cells (1,4)-(2,4), (4,4)-(7,4)
and (3,5) following rules 1-4
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Figure 6. Creation of a route from S to T by proposed direction — oriented maze routing.
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useful for the route-setting order. In the RDOP method,
the module numbers are determined by using the numbers
10 to 15, which refer to “empty” modules, as well as actual
module numbers 0-9. These numbers correspond to the 16
rectangular areas that accommodate the modules. While
extracting information from strings 0-15 in the genetic
locus, the corresponding modules are placed in accord-
ance with the numbers given to the rectangular areas in
advance. The following string represents the module ar-
rangement shown in Figure 5(a).

0-3-10-8-2-11-12-9-5-13-1-4-14-6-7-15

The route-setting procedure is identical to that of the
BL method.

String
[5]3f1]21ais]1]i8[4 7]

s\

[5[3[2]1]4]---]3]6[7]10[9] -
Module Number Route Number

. I -

Layout Information Routing Information

Figure 7. String used for simultaneous optimization and de-
coding of present design variables.

The flowchart of the design optimization method is
shown in Figure 8. The steady-state GA [14] based on a con-
tinuous generational modelis used in this study. In the case
that an individual created by a crossover or mutation is su-
perior to the worst individual in the population, the worst
individualis replaced by the created one. A high probability
of creating individuals with a fatal gene that includes the
same modules and routes exists if a simple crossover is
used. Therefore, the ordered crossover is used here.

GA
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Number of bends,
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. Space size
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Yes Intersection of route, Routing
Space size
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Figure 8. Flowchart of design optimization method.

4.2. Solution Obtained by Simultaneous Optimiza-
tion

Design of ATM is calculated by setting the weights to

w,=3, w,=20, w,=100, and w =4, and the population size to

100; the mutation rate is 0.3, and the number of genera-

tions is 30,000. Figure 9(a) shows the optimized solution
based on the BL method; the module layout and routes are
obtained without overlapping between modules to mod-
ules, or between modules and routes. In addition, there
are no intersections or overlapping routes in opposite di-
rections. The relative locations of modules B, CA, CB, D,
K1, K2, K3, and R2 are similar to the module arrangement
for an actual machine. The obtained layout of modules is
compact, and the route length L is 78. The objective func-
tion calculated using Equation (1) is 2454.

The solution in the case of using the RDOP method is
shownin Figure 9(b). As presented in the previous section,
a concern exists regarding the possibility of a declining
rate of superior-individual creation because of the use of
longer strings than those used for the BL method. There-
fore, we set the population size to 200, the mutation evo-
lution rate to 0.2, the number of generation to 100,000,
which increases the calculation load. In this case, the
weights in Equation (1) were set to w =3, w,=20, w,=100,
and w,=1 because the RDOP method provides efficiently
minimizes the layout space. All the terms of the objective
function are improved compared with those shown in Fig-
ure 9(a). The improvement of the area and route length
appears to be attributable to the effect of the empty cells
placed around the modules when setting the routes. Fur-
thermore, the number of bends is greatly decreased.
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M
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L=78, B=27, C=0, S=420, fo=2454
(a) by BL method
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] .' 5
ANuUNUNUNES E:' —
K3 K2 K1
M R2

L=68, B=18, C=0, S=378, fo=942
(b) by RDOP method

Figure 9. Module layout and routes optimized by the (a) BL
method and (b) RDOP method.
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5. Layout design including module selection

In actual design, itis often the case that great flex-
ibility exists in selecting the modules to be used. It is
easy to select from among distinctively different op-
tions. For instance, whether to select high-cost and
high-reliability modules or low-cost and low-reliability
modules depends solely on the design goal as to wheth-
er low cost or high reliability is sought as a design pri-
ority. Alternatively, it is often possible to select mod-
ules based on product specifications. Here, we apply
the design method presented in the previous section to
a problem that does not appear to be affected by mod-
ule selection.

Table 2 shows the modules that can be chosen for the
design. The sizes of the modules shown in the table are
almost identical to those of the modules used in the lay-
out design in the previous section. On the other hand,
the shapes and locations of the bill-in and bill-out aper-
tures differ. The information on the module selection is
expressed in two bits in the form of a string that is newly
created for the 10 modules that are placed. This coding
method differs from that used for the string described
earlier. Therefore, we apply a one-point crossover to the
module selection string.

Table 2. Selectable modules for ATM design.

Parts Plan 1 Plan 2 Plan 3 Plan 4
<A>
Bill entrance ﬂ 4¥4 3 474 B
unit i O =) 0
<B>
Bill
verifying ;‘ 'm" 3*5 3*5
unit In Out
<CA><CB> = =
Temporary | E3*3 B £3*3 3 3%3 3%3
stacker [ []
<D> 0 1 0
Loading sl Hig
cassette 5*Q 5%g g%5 9%5

=
o
[ [ [ [

<K1>
i@ | bl | bl | po| T
Cash box
<R1> A
e a B8 a%a 4%4
Reject box

The optimal layout is calculated using the weights
w,=3, w,=20, w,=100, and w,=4, population size of 500,
a mutation evolution rate of 0.3, and the 200,000 genera-
tions. Figure 10(a) shows the optimal design in the case
of using the BL method. The numbers shown in the figure
represent the module numbers. By selecting appropriate
modules, a better solution is obtained than that shown in
Figure 9(a). The decrease in the number of bends is par-
ticularly noteworthy.

Figure 10(b)illustrates the optimal solutionin the case
of using the RDOP method. Although different modules
are selected from those shown in Figure 9(b), no marked
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improvement is found in the value of the objective func-
tion. The reason for this lack of improvement has not been
clarified, but a contributing cause might be the fact that
the RDOP method is less affected by the modules’ shapes
than the BL method. The superiority to the BL method is
the same as that of the design that does not include mod-
ule selection.

2
A E)B"'“ R1¢1)
G__.__

EJ RZool . B (%A“

ka3 D k.1 ¥
(1) (2) (1) (2)
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(b) by RDOP method

Figure 10. Module layout and routes optimized by the (a) BL
method and (b) RDOP method with module selection.

The distribution of solutions for each method is shown
in Figure 11. Error bars in the figure indicate standard de-
viations. Despite the greater dispersion, the RDOP method
is superior to the BL method. Moreover, its superiority for
design with module selection is clear.
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Figure 11. Penalties incurred by each method.

Good results can be achieved by applying the design
methods along with the selection of modules with various
characteristics. In addition, the method described in this
section might be applicable to the research and devel-
opment of modules with the characteristics required for
product design with high performance.

6. Realization of the design intention

As described in section 2.2, design intentions can be
expressed by tuning the value of each weight w, in the ob-
jective function, Equation (1). This section examines this
matter. We discuss three design intentions; (a) minimiza-
tion of module layout space, (b) minimization of routing
length, and (c) minimization of number of route bends.
The values of weights for these design intentions are
shown in Table 3. Design intention (a) result in a solution
that realizes the miniaturization of the machine, and (b)

and (c) result in solutions that maximize the machine’s
speed.

Table 3. Weights of objective function for each design in-
tention.

Intention w w w w

Design s s : A

(@) | minimize space 1 10 100 4

(b) minimizeroute

length 10 10 100 1

() minimize number

of bends ! 40 150 !

In each case, applying the BL method and the RDOP
method, designs including the selection of parts were
generated three times. The optimum solutions that were
obtained in each case are shown in Figure 12. All com-
ponents of the objective function, for which the weight
factors were increased, are reduced, thereby realizing
the design intentions. In design (c), which used the BL
method, the design contained a route intersection. The
cause is inferred to be that the search for a solution did
not converge, but another possible cause is the coexist-
ence of the difficult objectives of minimizing route bends
and avoiding route intersections. To illustrate a similar re-
sult, recall the previous section, in which a good solution
was obtained when the RDOP method was used.

7. Introduction to distributed process of GA
and its effect

An island GA is sometimes used as a method of in-
creasing GA efficiency. Here, relatively small populations
evolve independently by repeating the genetic operations
in each island, then they are mixed through mutual immi-
gration. This idea was adapted to the present design task
using two different island models. One is a conventional
island model and the other is, as shown in Figure 13, an
island model based on the idea of realizing the design in-
tention by changing the weights, which was considered in
the previous section. These island models are called island
model 1 and island model 2. Island model 2 is introduced
based on the idea that an independent design with high-
performance can be implemented a comprehensive high-
performance design. Using this method, it is expected
that the search for a solution has greater efficiency than
that of a conventional island model (island model 1). In
addition, because increasing the performance of individu-
als can provide more optional solutions, it is expected to
diversify the populations. For the proposed island models,
the weight distribution (w =1, w,=10, w,=100, and w=1)
is used for a multipurpose design intention, as shown in
Table 3.

Island models 1 and 2 have 500 individuals each.
The top 100 individuals are received as immigrants from
another island; the other individuals are rejected. Af-
ter 30,000 generations, the initial immigration is car-
ried out; subsequent immigrations are performed every
10,000 generations. The simulation was ended after the
100,000th generation.

The objective functions for both island methods start-
ing from the same initial group of individuals are shown in
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Figure 12. Module layout and routes reflecting different design intentions.
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Figure 14. Both models converge to excellent solutions. The L

designs obtained forisland model 2 and a non island model
are shown in Figure 15. For each design intention, objective
functions obtained by applying the island models are sum-
marized in Figure 16. Values given are averages over three
trials for each condition, and are expressed as a ratios to
the results achieved without using island models.
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Figure 16. Objective functions obtained using two island
models.

For the selection of modules, it is inferred that the
application of island models is more effective because the
range of the solution search is greater. For both the se-
lection and non selection of modules, superior solutions
were obtained using island model 1 for design intentions
(a) and (c). For this reason, minimizing the area and mini-
mizing the number of route bends are antithetical items.
It seems to be ineffective to receive immigrants that have
achieved performance gains for the realization of these
intentions. On the other hand, for design intentions (b)
and (d), good solutions were obtained using island model
2; results were particularly outstanding for (d). It is con-
sidered that receivingimmigrants that achieved individual
performance gains was effective for obtaining multipur-
pose optimum solutions.

8. CONCLUSIONS

ATMs require the compact placement of modules
while avoiding their overlap and routes for bills to circu-
late smoothly. Moreover, the intersection of routes is not
allowed; the overlapping of routes that convey the bills in
opposite directions is also not allowed because the bill-
conveyance direction in the ATM is fixed.

On the basis of these conditions, we present and dis-
cuss methods of optimizing the layout of modules with
various functions and the routes connecting them to
obtain appropriate solutions simultaneously during the
preliminary design. The main results of this study are the
following.

1) A method was suggested for solving this design
problem by combining the BL method or the RDOP
method for module layout design with DOMR for
route design and by simultaneously optimizing the
process using a GA.

2) The RDOP method demonstrates better perform-
ance than the BL method.

3) The suggested method was applied to design prob-
lems with different intentions including the case
when modules are selected. Good design solutions
were obtained using the method.

4) While independently advancing the design to
enhance the performance of individuals, their
achievement was used as a basis for multipurpose
design. On the basis of the concepts presented
above, unique island models were proposed and
their effectiveness was confirmed.
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