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CRAFT next considers all possible two-way (pairwise) or three-way depar-
ment exchanges and identifies the best exchange, that is, the one that yields the

largest reduction in the layout cOSL. (No department can be split as a result of a
two-way or three-way exchange.) Once the best exchange is identified, CRAFT
]

updates the layout according to the best exchange and computes the new depart-
ment centroids as well as the new layout cost to complete the first iteration. The
n.cxt .n‘crution starts with CRAFT once again identifying the best exchange by con-
:s‘ldermg all possible two-way or three-way exchanges in the (updated) layout
ﬁ ]hc ?r()ccss continues until no further reduction in layout cost can be obt;?ned:
! I;[L) an‘gL:?¥9U[)Obtalned in such a manner is also known as a two-opt (three-

yout since no two-way (three-way) exchanges can further reduce the lay-

out cost.
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U“d"rc“’"‘m‘m'fl' Al[h(’ugh' it does not fully address the above error, once the best
exchange based on the estimated layout cost is identifi :
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CRAF/; 1ns.1 (;l:n;?ﬁ;za::itr}fft’l?:f:em we need to make in the above description of

AR \ xchange procedure. Although at first it may seem
“too detailed, thl§ ref'mement is important from a conceptual point of view since it
demonstrate§ an intricate aspect of using computers for layout purposes. When
CRAFT considers exchanging two departments, instead of examining all possible
exchanges as We. stated above, it actually considers exchanging only those depart-
ments that are either adjacent (i.e., that share a border) or that are equal in area.
such a restriction is not arbitrary. Given that departments cannot be split, it would
be impossible to exchange two departments without “shifting” the location of the
other departments in the layout, unless the two departments are either adjacent or
equal in area. (Why?) Since CRAFT is not capable of “automatically” shifting depart-
ments in such a manner, it considers exchanging only those that are adjacent or
equal in area.

Obviously, two departments with equal areas, whether they are adjacent or
not, can always be exchanged without shifting the other departments in the layout.
However, if two departments ar€ not equal in area, then adjacency is a necessary
but not sufficient condition for being able to exchange them without shifting the
other departments. That is, in certain cases, even if two (unequal-area) departments
are adjacent, it may not be possible to exchange them without shifting the other de-
partments. We will later present an example for such a case.

We also need to stress that, while searching for a better solution, CRAFT
picks only the best (estimated) exchange at each iteration, which makes it a
“steepest descent” procedure. It also does not “look back” or “look forward” dur-
ing the above search. Therefore, CRAFT will terminate at the first two-opt or
three-opt solution that it encounters during the search. Such a solution is very
likely to be only locally optimal. Furthermore, with such a search procedure, Fhe
termination point (or the final layout) will be strongly 1nﬂuencsd by the startm%
point (or the initial layout). Consequently, CRAFT is 2 hlgle. Paﬂ}'depeﬂfi‘?i}f
heuristic and to use it effectively, we generally recommend trying different initial
solutions (if possible) or trying different exchange options (two-way vs. three-way)

at each iteration.
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P Tio DEVELOPING ALTERNATIVES: CONCEPTS AND TECHNIQUES

CRAFT is generally flexible with respect to department shapes, Ag I
£ lit, it can accommodate virtually any departmen, shg ag
centroid-to-centroid distance measure, the Optimyp, Pe,
ro) consists of concentric recy
N.

the department is not sp
Theoretically, due to the
out (which has an objective function value of ze
gles! Of course, the above problem stems from the fact Fhat lht'z centroids of Som
O-shaped, U-shaped, and L-shaped (Icp;lrtmcnts.mzly lie outside the depan cn(;
itself. Unless the initial layout contains concentric departments, CRAFT w; 5
construct such a layout. However, some department shapes may be i”egUIar, an(;
the objective function value may be underestimated due to the ccntroicl-to.Centroid
measure.

CRAFT is normally restricted to rectangular buildings. However, thrg, ;
“dummy” departments, it can be used with nonrectangular buildings as well
Dummy departments have no flows or interaction with other departments by, o
quire a certain area specified by the layout planner. In general, dummy departmen
may be used to

1. Fill building irregularities.
2. Represent obstacles or unusable areas in the facility (such as stairways, eley,.
tors, plant services, and so on).

3. Represent extra space in the facility.
4.  Aid in evaluating aisle locations in the final layout.

Note that, when a dummy department is used to represent an obstacle, its location
must be fixed. Fortunately, CRAFT allows the user to fix the location of any depar-
ment (dummy or otherwise). Such a feature is especially helpful in modeling obsta-
cles, as well as in modeling departments such as receiving and shipping in an
existing facility.

One of CRAFT’s strengths is that it can capture the initial layout with rea-
sonable accuracy. This strength stems primarily from CRAFT’s ability to accom-
modate nonrectangular departments or obstacles located anywhere in a possibly
nonrectangular building. However, in addition to being highly path dependent,
one of CRAFT’s weaknesses is that it will rarely generate department shapes that
result in straight, uninterrupted aisles as is desired in the final layout. Fixing some
departments to specific locations, and in some cases placing dummy departments
in the layout to represent main aisles, may lead to more reasonable department
shapes. Nevertheless, as is the case with virtually all computerized layout algo-
rithms, the final layout generated by the computer should not be presented 10 the
decision maker before the layout planner “molds” or “massages” it into a practical
layout.

- ;’;SS ‘;Vef]:actliil:lzr:;iir;(t; :(11 'the following example, molding or massaging a lag(/)g;
department areas in the fin:lllllsltmems peing rhade to the department shapes al-
i oy la}:Eut. The fact .that such adjustrpents are almQSf[ed
use. To the contrary, by conIs)ise . Coinputerlzed layout algorl.t hms' acolhd hmll]orl
time, a cornputerizec,l layout al it e number of altemativesin 2HSy 7

gorithm narrows down the solution space for the 13Y

out
¢ Plijlr?nef, who. can .then concentrate on further evaluating and massaging 2 i
promising” solutions identified by the computer.
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