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" . and human activities on land to meet various demands, land uses are being
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. sm environmental impacts. Genetic algorithm is an evolutionary approach for
space layout and optimization problems. One of the most difficult problems in
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iizectural design is space layout problem. Planning process is the main parameter for
ing ingfjiciencies and unnecessary cost and maximizing the assert value and
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Spoze Ioyout problem commonly occurs in warehouse, hotel, building floors, contciners,
¢sies ete. In the present paper, we propose genetic algorithm using matrix

~resenintion for finding good quality solutions for land use allocation problem.
Eerwords: Genetic algorithm, Land use planning, Matrix representation.

LINTRODUCTION

Land use planning is the process of allocating different activities or uses (such as

Fesidential, manufacturing industries, recreational activities agriculture, industres,
A . = ne
“rest ete) to meet the given objective. This is a complex process, as 1n land use planning

“=ekions must be made not only on what to do (selection of activities) but also on where
- ‘ of decision variables to the problem. In the past
amming approaches.
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Information Systems make it necessary that other approaches shoulq b trieq [
problems have been tackled by Fuzzy logic method, Simulation mfrdql; ;:4
combination of multi-criteria evaluation techniques and mathematical pmﬁ"ﬂmm; *
goal programming model[5]. Heuristic approach, such as simulated annealing mz‘“
also found applicable to this problem. Matthews et al. [3], [4] explored the p%m;m:
applying GA to spatially integrated land-use management problem and also deve!ow'
GA-based spatial decision support system (DSS) that allows land managers ty n;g,_;_;
their land use options and potential impacts of land use changes.

Genetic Algorithm is a powerful and broadly applicable stochastic search jn4
optimization technique. It works with a population of “individuals”, each representing 5
possible solution to a given problem. Each individual is assigned a "fitness scors
according to how good the solution is to the problem. The highly-fit individuals are giver
opportunities to "reproduce", by "cross breeding" with other individuals in the
population. This produces new individuals as "offspring", which share some featurss
taken from each "parent". The least fit members of the population are less likely to get
selected for reproduction, and so "die out". A whole new population of possible solutions
is thus produced by selecting the best individuals from the current "generation”, and
mating them to produce a new set of individuals. This new generation contains a higher
proportion of the characteristics possessed by the good members of the previous
generation. In this way, over many generations, good characteristics are spread

throughout the population.
In the present paper, we propose novel genetic algorithm using matrix

representation for finding good quality solutions for land use allocation problem.

2. MATHEMATICAL MODEL FOR LAND ALLOCATION
Stewart [7] formulates the land use allocation problem as follows: To express the

land use map in terms of RxCXK binary variables X,,., such that x_, =!I
if u_=k.and x,, =0 otherwise. Let u,. in rows be the land use allocated to the cell in

row r and column c of the grid. Let us suppose that possible land uses are labeled from 1
to K. A land use map is an allocation of a land to every grid cell in the region, and the
aim is to identify the land use map which best achieves the decision maker’s objectives.
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this formulation, it is recognized that the selection of a land use map is an intege
. : ; r
ning problem involving RXCXK binary variables, If the problem is solved

pf(‘c

: f the x,., then by definiti .
jeitly 10 terms 0 k ¥ 1on we would require )'x,_, =1 for each

k=1

exp
(1,0 Typically, additional land use restrictions of the form: A SN, Sy,

gid
- R c . ‘
ZZ x,,, (.e)the number of cells allocated to land use k, may apply for

r=| f=l

“—here N[ =

e OF all land uses.

21.We Model the land use problem as follows

Suppose landscape can be represented by a two-dimensional grid of cells
grranged into I TOws and J columns. Let u;j = k where (k = 1,2,....K) be the use allocated
to the cell G, J): Let Pi;x be the cost factor for allocating k* use in the plot (i, j), and V; jk
be the decision variable. Out of I*J*K variables, we have to select IxJ variables which

I J K
minimize the objective function Z = > > R Vij

i=1 j=1k=1

Subject to the constraints
I ]
szljk = NK fOI‘ k - 1, 2, ......... K sae (EI)
i=1 J=1
K
Zvljk =1 fori=1,2,......... I
k=1
forj=1,2,......... J , o (E2)

V. i _{1’ if the grid cell (i,j)is allocated to use k
ik =

0, otherwise

3.
GENETIC ALGORITHM FOR LAND USE PLANNING

The oyt};
Outline of the proposed algorithm is as follows:
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repeated R times.

Hence alto
Pulation) are 8¢

Step 2 and Step3 &r¢
 EPRESENTATION OF FEASIBLE SOLUTIONS

4. The feasible solution of the land use plan is represented by matrig with T 5,

7 columns, each entry k (k = 1,2,....,.K) in the grid cell denotes the use (fa

Step 4:

and a
which is allocated in the cell (4, J)-

For example

Suppose the land has 32 plots. To allocate these 32 plots to 5 different ¢
(Residential, shopping, Hospital, School and Industry) where Ny = 18, Na = 5, Ni:
Ni = 2, No = 4 we represent these plot as 4¥8 matrix. Here Ni denotes the numbe

allotment to the use (facility) k.
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9.7), (3,0) and (4,2) are allocated to the useb (Industry) and the remaining

), (

(v '
coll8 Jn]l ated to usel (Residential),

ce”"ﬂ " MATLAB Genetic algorithm tool, we must represent the initial solution as a
al, feasible solution of m Xn plot can be represented as a vector of

whcr  is the use allocated to (1,1)t cell,

(M. = X2 15 the use ﬂ"OCatfed to (]_ 2)th cell

. _x.istheuse allocated to (1,n)t cell

);j | =Xan 18 the use allocated to (2,1)t cell
104

x,” - yan is the use allocated to (2,n)* cell

.....

Xi1a+ 18 the use allocated to (i,j)t cell

-------

X100 i8 the use allocated to (m, n)* cell

41. CREATION OF INITIAL POPULATION

The initial population is randomly generated by the following procedure
Step 1. Take a feasible vector of length mn for the given uses.

Step 2. Generate a random number r between [1, mn].

Step 3. Generate a feasible vector using back track method.

42, FITNESS FUNCTION

The objective function to be minimized is 2 z Z P Vi - We also have to

i=1 j=1 k=1

e
rnf“lre that the constraint set of equation (E1) and (E2) are to be satisfied. The proposed
e

PTESentatlon satisfied all those constrain. Hence we choose the fitness function is
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o uMN INTERCHANGE MUTATION
CF given mxn matrix, select two columng cl, ¢

and €2 are interchanged. Suppose

2 such that | <

selze2sn. Then
second and fourth columna

acl
mn and c2, the resultant matrix is a leg

R are aslectad

ot rchang® e cl
( REFLECTION MUTATION
The given mX7n m atrix is reflected about a line. F

al solution,

or example: If we reflect with
1o o vertical line which is the right hand side border of the matrix we get row

:g:;\\'( .
fective MALTLE.
sent A= L 1 7 5 9 1 *r_‘_ 1
3 1 1 2 1 1 5 1
2 1 4 1 5 9 1
1 5 2 1 1 1 2 1
1 1 | 3 | 1 2 5 4 1 )
WldC = 1 5 1 1 2 1 1 3
1 1 3 5 1 4 1 2
1 2 1 1 1 2 5 1

Similarly, if we reflect with respect to a horizontal line below the matrix we get
"umn reflective matrix.

‘SWAP REPAIR CROSSOVER

This type of crossover is accomplished by selecting o at this
Moy Selects a position, Suppose it is in row r and column c. Let the nut

‘;‘tlon n Abe p, Let the number in the corresponding position in B be q .Then sWwap
A get feasibility, change q in p in the neighborhood cell

two parent solutions and
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‘\:‘\ aane e X \‘ll in the qecond row, foul'th COhlmn 1n A and B Se]
N pose the ¢ — 9 and 1.We get mfeaSIble offs Ef-‘ted_ N
1. In the parent A Prin ' Ta % |
=¥ e pair operator & and change 1 by 2 in the nelghborhood cel]. T % |
\ﬁl‘«\ "'\ use Iv E
ITHM |
SR ,LEMENTATION OF THE ALGOR
. wented and tested two algorithms: |
we *:h(‘ \1.Swaprepair crossover & cyclic mutation |
@ GAlsS
(i) GA2-No crossover & cyclic mutation
1. COMPUTATIONAL RESULTS _
We experimentally implemented the algorithms by varying the T
srobehility. In all cases the cyclic mutation was applied (i.e. row Interchange Oper-»,:
mustion was applied in one generation, column interchange mutation in the pep

o stion and reflexive in the next generation and so on in a cyclic manner),

We selected test problems whose cost matrix was randomly created using
stribution. On each test problem, each of the two genetic algorithms was
== 100 generations in 20 sec. We noted the best value in the block of ten

-
o
-

normal
run ten times
runs. Comparise

periormance of GA1 and GA2 with various crossover probabilities is given below.

Comparison of performance of GA1 with various crossover probabilities

(Best solution out of 10 runs were noted)

P?f’lﬁm | ProNblem GAl- Swap Repmr Crossover& Cychc MutatL
=1Ze
———— 1 p=02 [ p-04 | p.c08 pe=08
38«7 | 01 |1350.9033| 12803938 | 13324084 131998
02 | 4483.3496 555,339
T | *%99.9496 | 4456.6541 4475.1455 | T
Cdx6xs |03 [ 6253096 | 61 622,153
S ——_ | 925.3096 | 611.8072 660.1353 _,,,-W/
04 120429384 | on ' 9073.18
T 9384 | 2042.9384 2083.1602 e |
5xl0xs |05 | ggg T 1005__—
| ? 9 973 867 ~=03.9369_~
U '
“\07 7634.695 7192.8273 7631.7307 ‘675 261
4,5 I .
\’*: Bro 646.532 | 589.7905 589.5987 et |
18124615 | 51667549 | pmoszond | Pe
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plem GAl- Swap Repair Crossoverg, Cyclic Mututlon S
| N, pe=02 [ w04 [T pgg
! D)o =
f“l}{ 3657.9264 | B657.9261 37638912 e
o e P T PO Y Ty
W | ——T 00 2621.71 : Ll
| 2860.466 7173 | 2696.6040 —
B 2884773
CaS I 32206628 | 8037.1891 | 3301932 g
Ml ——Too0a5 ‘ i
@MGE/’ 2004.5770 | 2812.9222226 | 2892.79565555 | 2902.2700

Comparison of performance of GA2 with various crossover probabilities
(Best solution out of 10 runs were noted)

m;;;; GA2- No Crossover & Cyclic Mutation
Size No. pe=0.2 Pe=0.4 P.=0.8 pe=0.8
— | o 13945257 | 1462.2025 | 1442.3672 | 1423.9974
3 02 6216.5195 6576.3282 6103.2444 | 6622.3037
—;;5_ 03 774.9046 869.0568 819500 | 926.8693
04 2958.1135 2467.7648 3338.3824 3092.0559
S 0 | 1291 1256 1238 1303
| o5 13808.8581 | 13453.3318 | 14742.3517 | 14487.6058
fxdx 5 07 836.9662 814.3808 821.6852 867.9774
o~ | 08 6385.4949 6314.1675 6982.1569 6604.5178
fisxg | 09 4291.8838 4136.0322 4697.0212 3956.6218
~| 10 2207.3324 2202.9281 | 2212.5632 2228.2513
I Txloxg 11 3452.725 3738.2553 3539.8785 | 40622.1462
| ~ 12 | 3s62.6580 | 3952.7749 3960.4194 | 4137.6427
% 3965.0819 | 3936.9352 4158.1316 7189.4158
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ronziity p~0.4, GAl produces better result.

 CONCLUSION

(enetic Algorithm for Land use model with matrix representatee =~
wigued, implemented and tested. We have shown how careful selecﬁt:n {:
iy and tuning of search parameters can yield superior quw .ror':;-::_’_‘ .
g, The approach is tested on a set of problems with dﬁfeiim
“Aationsl results show that the algorithm produced good. 1 obj;’t‘ﬂ‘e =
Fatss s, In the present work we attempted to so‘lve jt;ﬂlt
wwion prohem, In future we may try to develop genetic algjﬂ et ig
“ation protdem with multiple objectives and generaliZf the ® puildiné .
ws Wy thires dimensional allocation problem for Multi-StoreY
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