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This AT I ROSES Q1 1.[;}1’?{ s gt U,I' conrstraints as a sencral £ At the vonti-
aity problem in site search maodeling, Site search models adidress the challenging
pecddem of ide raf_,lrl;urg_, thee st corerer in Afm."lr; regon for a parttenlar land wse, given
that there are no candidate sites, Criteria that commonly arise in a search inglude o
sife s arya, -:Jr.irr.!fr.'f:'?y, it .n'.l'fup-". el prrcciaity to surronneling ;-.:m,:_{n.l;r-":ic'__ﬁ.’nfrn-.r-.y_
An pnselred }J."rhf?lri we in s ol ij”u dresner s Hhe dele u.l'r'lh'f it f.lll".'.l ig vl st ull'_
martheratical Jrregrammin g covstrings thar can snarantes o rrlunﬂruum solution
{wite) for any O-1 integer-progranning site seareh formlation. The constraints -
prose fll herein adelress ﬁl!% il .:JMJ*H.: ane we ecaluate their rJI_rﬁe I el {ﬁf:t Ly ire the

cimtfext -:Jfﬂ reaular and i r'p,uﬁu.l’m fesmellation |'.I||I f.f.r.l.t_n:phu_' spuce, An espee z.er_.,l Lﬂ!-
clent constraint form is derived from @ more general form and simifarly evaliated.

The results demonstrate that the propass el comstraints represent il vighle, senera! g
i it the o etigrity pr.u'.‘-f.r*ru

Site seurch problems represent a challenming class of location problem. The broud
"ml in this contest is to search a «lm;]-. LRI AT for the best area to lovate o EIVETE Lund
nge. Criteria that commonly arise in 4 search include a site’s area, suitability, cost,
‘nhuj'u anel |:|ru'~ilr|il‘\' Lis *:ln'rr:-nrllli]w gengraphic features, Site séarch prohlems can
b eonsidered in the L’LT”E']' cointext t:{ sitee seleetion prablems (Malezewski 1992: Ar-
entze, Borgers, and Timmermans 1996] with the de fining charncteristic that there ure
ni eandidate sites frism which toseleet the best site. They wrise in o namber of appli-
cation areas including locating a biological reserve (W illiams and KeVelle 1996), land-
Bl | Misor anel ];1{.«0!:5 19494, residential subdivision [Bacowald 19810 ar !n.u.an]nu-,
wiste stte (Van Fee and Lee 19549,

When addressing site search pmhlmrm 1 m)mlJut.lt'jumll domeadn, the lamidscape 15
generally represenle il s o spatial tessellation (W right, ReVelle, and Cohon 1953
L- thent, ”.U]I'HE 5, el li:}xentfmﬂ 15945; Diamond and W ||1_,]|| 1981, Minor and J.,u il
1994 Williams and BeValle T996), For this e ason, the :mnpu.t.,ﬂ][)u.ﬂ site search
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prabler is to assemble nonoverlapping Lind anits into w anified site aecording to el
ol competing objectives. A fundamental requirement in many problem contexts is
that the site be contiguous. A site is contignons it it is possible teswalk from wny point
in the site to any nl]]urpmul in thie site without leay iny it I scanmie up;ﬂ!unllml LT
texts, site ¢ :mhp‘mh ey met be a factor (Cocks and Baird 19891, or it T he o desic-
ahle quality but nota necessity (Williams and ReVelle 1996),

This paper proposes ad evaluntes wset of ¢ aplicit contiguity constraints as a gen-
erul .lpprcurh for addressing the contipuity problem in site search modleling, The
term "general"in this comtest refers to the goal of identifyving o constraint foerm that
can b included inoany O-1, single-region, siter search model. The overall strate oy is to
decompaose a global site search 1‘IE‘|'I-:|"§!I i intoea set af smaller, local problems. Spatial
-:1::':_1|:||[:|m1hm|. extublishes wcontést wherein the Tormuolution of trsetuble cantigiily
constraints hecomes an ::ptl:'.un A L{em—*ml f_{mhmuh constraint set will L-_-;redth sir-
phl\ the task of guarantecing a contiguonus Ht‘;illh[:!l tova modeland allov an analvst to
fiscus on mwore ‘!n'llhbt-.lﬂt'l'\-t’ :Jhitf_lh es und constraints associated with a i 1I1lLL|]-1|
search. In this way, the constraints in this paper can be considered a foundation from
which to formulate a variety of site search models,

The paper begins by de ,nnh:ng site search problems in general and reviewing the
mud:—:]m" :'IPPI'L.‘IJL].'.I.t'H ﬂmt hive been utilized to address L:‘.unhﬂu:t\ as a lactor, The
\uh\:-que-nt section presents & means for decomposing o 1.,,!11[:.;] site search problen
into-a set of smaller, loval problems. Bao mathematical constraint forms for guacan-
teeing a contignans qn]nhm: i asite search mnidel are presented. The canstraints are
Il!hil".'?t,{] in the contest of representative duta sets LIS l!_r.]umjul.'? I enumeration
anel” integer progrumming, ‘1 fw paper concludes with u (th‘Ll‘-ublU:Il of the resuls and
thivections for further research.

1 SEARCHING FUOR AN OFTIMAL CONTICUOUS SITE

The general site search problem is to seek ont new land resources to meet a given
i':»lfmru'm~ nesd. As noted, there are-a viriety of eriterin taat LIIHII.TIIH[I]\' artse in the
search for a best site. Generally, there are a set of competing nhp:*n;_n'-:t-': and associ-
ated constraints that guide the search. The constraints define a space wherein o theo-
retivally bist site exists, Fl“un 1 !1*.‘11[“'1- an example site represente i continuons
j_JL{WT'l]:Ih]L spce, i regulir tewbeila‘nml {raster), u.ms an irregular tessellation. To iden-
tifv the hest site for o given purpose, imagine i contignoms site that i free to move
across the landseape and change its area, ‘.]mp:* arientation, and proximity relation
ships with other geograplie features to capture the optimal site and situation. The

continuous raster irregular polygons
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underlying surface may be u cuitability surface, cost surface, or any combination of
surfaces,

Table 1 depiets sample objectives and constraints that might arise in typical prol-
lem: The eriteria can be divided into two classes, attributes and !-'putiul churnctoristios,
where each eriterion Iy b L‘a‘.pl‘{:ﬂsud A% @n :Jb]'l;'ul.h e or constraint. GIS-basad
methods for addressing site search problems such us suitability mapping (Hopkins
1977) and land sereening { Dobson 1979 focus on site attributes and do not generilly
Support nhjr.—::llvm of constraints associated with Spad ial site churacterstios such as
shape, This is becase spatiad site characteristics refer to uggregations of land units
audl GIS-based methods emphasize attributes of mdividual Lind units. The focus of
this paper s on single-region, site search models that allow ;-.\plj:-it .‘il}tl.liﬂ.] siter cluar-
acteristics o be ineluded inoa search,

e 'S;.Htliall site characteristie that has a nglliﬂu;srll elfect on the search for a best
site is contignity. IFa contignons solution is required, then a site most be represented
as - comnected aggregation ol land ooits. Commected land uniks oo tesseiilutiun ure
generally defined as those that share an edee or point, Contiguity las a profound of-
lect on the inherent diffieulty in sobding a site search model, In essence, it places a
eritical constraint on the spatial arrangement of the land units that constitute a site. 1f
contigity is not required. then the spatial arrangement of the land units inoa site 15
Trize Lo vary, i the search for the hest site can aften be reduced to o search for the n
best landd vnits, This might be accomplished h} mu!«;ing them according to cevtain cri-
terii and taking the top oounits, However the r best by any eriteria often results in g
noncontigons site, The fr:]l:m-‘iug sechions review bwn }i]‘rp]'ﬁu{'] 1es that havé been de
Vﬁinp:—u] by inclode contiguity as u factor in site scarch E’:l'c:lliuum.

LT Model Steuetures That Encourage Contiguity

One approach for including contignity as a factor is to formulate a mode] that on-
COLEes illli& property. Two specific strategics have been developed ta this end, The
lirst is to tormulate a model that allows an analvst to constrain the perimeter of the
site (Wright; ReVelle, and Cohon 1953 Minor and Jacobs 19941, A site with ashorter
perimeter is ]ikt'l}' tes result in a contigious solution, if the site must be of 2 minimem
area. However, us Wright, ReVelle, and Cohon and Minor and Jacobs note; noneon-
Henows solutions are frequently encountered using this method, A contiguous solu-
tiom can only be guaranteed when a sités perimeter Is constrained to its minimum
length for & given site area, The second approach is to require a buffer of land units
around u site that surrounds an internal core of laul resonrees (Williams and ReVelle
19967, Williars and BeVelle demonstrate that if the objective i$ to minimize the cost
of purchasing a site. the solition will often be contignons, as these sites luve fewer
vells and, thus, a lower totul cost. This is similar to encouraging vornpactness by con-

TABLE |
ik Abtribittes aned fii’l::fi:l] Chuenole vigtes us Ul:ju_'tj\-u-s andd Chnnstraints
nltribules spatial churseteristicy
el Giming cornbiguity (s
pPresimity {amas i | compictness Lmax;
objectives stnitubility {m/mavimin Lulfer width (mifmmss)
cuviranmental mpact (min) trugmentation (min)

aren | o !

cosp ={] contimnty Loarantee |
constraints presimity <= 0= 2 compaolness <2
sutalility = 8 hufter width = B

AR e = A ]:::’g;m:t ||:|!1'|'| -:I!-h-'r}l_'l =T




'”.lrn.lta.ﬁ'_,f Covg and Richard L. Chureli /0 308

trolling a site’s perimeter, but perimeter is expressed as a buffer mther than as edae
]:*ngﬁi. Thiese medlels represenl unirge appe wclves Lo i 'r:ri‘mmriuf_{ ﬂ[:a:l.ti:ﬂ aned rion-
spatial chameteristios intu w single site scarch formulution, hat they are not a general
strutegy tor guarinteeing contiguity in a mode].

1.2 Sedution Metheds That Enforce Contianity

Asecond approach for including contignity as a factor is to develop a solution pro-
coedure thit guaraniees a Lunilﬂuulta solution, Tn this -:L]]EJthLlI Lur]lldva (LR TTAT
e Llhf‘ﬂ‘l"ltu‘ﬂ”\ formulated as part of the model, Hather it is stoted as o necessary
property of any valid solution. The key is to develop an alzorithm that gnarantees this
pru[narh T ﬂj_'unth:mr_ ﬂ[‘.ll]l’(}"ﬁ.lh“i have been devels wped to this ¢ :1(] Tl Rrst is Lo
desin an implicit emmeration algorithm that searches for the optimal. contiguous
sobution to a model (Gilbert, Holimes, amd Rosenthal 1955; Diamond and Wright
1991). An Lm]_'rhut enmneration wgorithm relies on an underlving hinaesy brec o ol
Feotvely enmerate all feasible site patterns inaspatial te ssellafion | Nembauser and
Woolsey 18851, Another tiIr[:r:m]l is Lo e ST in Lienrristic, ree ginmi-growing algorithn
that l‘.u.‘ﬂ'lrlﬁ b o seed land wnit and adds units that are LU]IT.H"H{II.P: to the current site
(Brookes 1997). Both of these approaches are effective, but @ unigoe algorithm mst
be tatlored for each new site search problem encauntered, This can take a significant
amount ol time and effort and requires a commitment by an uml]_\?;t by @ p;u'ticulur
mode] formulation,

2 CONTIGUITY CONSTRAINTS ANDSPATIAL DECOMPMNOSITION

The goal in this paper is to pursue aset of explicit, tractable contignity constraints
that can guarantee a contiguaus solution for any single-region site search model re-
i dless of the tessellation, This constitutes a 1_|t=m*r:.|l .Lppm.n_h fy the L{mtllrmh
[Jmlrlun A mmber of authors have calléd for research into the explicit represe nta-
tion of this factor (Wright, ReVelle, and Cohon 1983 Diamond and Wright 1959
Williams 19943, A henefit of contignity consteaints is that they Tacilitate solving
model using a mived integer-programming (MIP) solver like € CPLEX™, LINDO™
or XMP™, ldentibing o tractable contipuity constraimt form has proven to be prob-
lematic. As MacMillan and Pierce (19947 note regarding the related contiguity
problem in political districting (see also Horn 19950, “The nastiness of this ]}mh]urn
springs partly from its size, both in terms of its dimensionality and number of
constraints, but mainly from the Bt that the space defined by the constraints is non-
conves” (p. 225),

2.0 Contiguity Constraints in One Dimensian

A missing element that may have p:m‘]mhd the formulation of a tractable set of
configuily constrainty i root land unit, If w L_I'\-t ool i eonstrained to iwut;i_‘ m i
site, then L"f.rutlt‘-fulh cun be defined in rel.mun to this root. This subsk !t‘lll:!"".. reclinees
the pmh[t-m of h]l‘trlll].ll‘lﬂ!_’ tractuble constraints that marantee a contignous site, In
short, a roat can be utilized to define a precedence by which land units must be iti-
eluded inany solution o ensuree contiguily. Diamond und Wright {1981 and Brookes

11897) both relied on the notion of a root (or seed) unit to develop a spectalized site
*nmth 1I5__,unthm Here we utilize the same concept to formulate general cantigaity
eomstrunts in o mathematical programming contest. Figure: 2 shows a '““"I:'i‘- t,tm_h
arca g ot e thad st bein the best m]uh::n 1f the ‘\Hlllhl}ii st e ur[lhtrllmh
then unit T cannot be included aonless anit 6 i5in the solution. ."alrm];tr]}._ if unit 3 is in
the solution, then unit 4 must be included.

GCiiven an upper hened on the area of 4 Site, o rooted ._l['lE:ll.‘l:]uL']l wlleves j.'[r.r:.'.:r'f.l.f."
r:ﬁéngifmr'-"-:-:‘-lﬂrf tes b delined within which the best conbiguous site must exist, An ex-
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r 4— y —> xmustbe included for
¥ to be included

Free 20 O P amensionul l.r:-rlhp_'lut}' Precodence foe o Bootesd or ) Site Search Problem g Diserete
Suitabitite Mup six

rlIII]_TfL e I}.‘hlllilrl'llil'il! i4 ‘*]I“‘r'r-li in 1_’1.“ in F'l""ll'lt— Z 1[‘]1 rh1 Tt ._h';l;l.'lnll]lr H;.ll it site
LY Lmnpnw i meciminnm of three ]>l1u] IIIIE|'1 A constramt sel L]mL e ]1nuw1—l|;1l. this i
proceh to contignity can T Tormulated as falliwes:

Constraint: A fand unit cannot be selected unless its adjacent neighbor eloser to the
root is selected,

= Vi je N owhérep, =3, — 1 (11

11 #F lane 1init 4 5 selected for the site .
where 1= y
L otherwise
Iy the pmh i+ n'iift]l Cin Jand units )t § to i
P e roat Luulnmt
'R 114 1s in the teasible !l::lu]lhm']muq] al vl

Tovicdentiby the uphlmﬂ sodution for the one-dimensional sbady re P ST Fquu: o
model that relies on these constraings wonld have to be solved nine Hmes, onee for
euich potenti al root unit. This s sinilar to passine o neighborhood operator (Tomlin
1980 Worbows 1993 ) ar comvalution filter ( Richards IJJJI OVET 1L 3tmL region, where
the feasible rlLufh}H whood, and wssociuted optimal solution, changes for each raot. An
example site search utﬁl_j borhood operator to salve for the maximally suitable site in
a silld_\ sredt £ cin e formulated as follows:

e [ z &% Z =ma,o =100y YreR {29

&N,

where 218 the abjective value achieved for oot v, s, 15 the suitabilite scare for Tad
unit ie is the area of the sitesand (1) s the constraint sel in et uation (11,
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2.2, Condiguity Constrainty in Two Dimensions

Ceneral Contiguity Constraints. Transferrring these constraints into two dimen-
stons is not straightforward, Inoone dimension. there is a single precedence by which
the land units surronnding a root must be included to guarantee contiguity. In two di-
mensions, a single precedence does nat exist, Fizure 3 depicts three potential sites
that inelude the root r In each case, unit g was a[:imm{:hmi from aditferent adjacent
e unit, Theretars, there is more than one path from which o land unit can be
reached from a given root, The number of petths hetwern o root nnitand ancther land
nnit depends on the definition of adjncency, the [rattern of Luned units, and the mus-
i allowable pitth lengeth.

Another approach to formulating contiguity constraints must be pursned. A useful
observation is that every fand undt ina comtiguons selution has a shortest patth (in Landd
vnits) to the poot that uses omly units in the site. Far crarnple, consider the three site
potterns in Figure 30 1o the ﬂ.‘-‘itl"l]}l.i.' o the left of the e, the path Trom coll o to
the root s five cells, but in the center; the shortest path from cell @ 1o the roat is three
cells, This leads o the ’rh”m-.-'ing: aeneral proposition:

Every lond unit # thet is contiguens to e roeot unit r st have at least one selected etelfii-

cerd laned unit that s I adt elover to the root tesini oondy selectod land wntts

This propasition can he used o develop a set of peneral contimity constraints that in-
clude every passible means of lL11I)IL:'ltL"]:Ii11_',_1_' a given land unlt in o regulur or irregnlar
tessellation.

Constridnts: A land wnil cannaol boe ll}url ol site unless it is contiguons to the oot h:.,-
a path of length f in selected land units,

= Z iy i [3)

A kand unit carmot be contizuous to the root by a path of length 7 (in selected land
units) unless it has at least one selected adjacent land unit that is contipuous to the
root by a path of length j — 1 {in selected land units),

Cx = X Goopw  Viandj =1 s.n 4
ked,

The root 13 contiguous to itsell by a path of length 0,

=l

Fio, 5 Contiguons Paths berween a Boot Unit (r) abd o Land Unir (a)
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i =1 (o

1 it it s selected |
where 1, =

0 otherwise

[ 1if unit § is j units from the root using ealy seleeted land units |
ey . £ G
4 li! otherwize |
, the shortest path length to the root from §in land units (lower bound)
i3y, the miaximm [')FI.”I le: 1|1_{ﬂ1 that i ean he fram the root in seleeted land
units ‘“[}[[“ r bisund) ;
A % | k15 adjocent to i .

These constraints allow a given land unit to be any path length, in selected land units,
from a roat unit, between a lowerand upper hound. The lower hound £, 35 the unit’s
shortest possihle iﬂth tar the root, and the npper honnd ar,_is the maximmm allowahle
prath length in selected Tand units to the oot These tnnimlmh acded a1 considermble
mmber of variables to o g’:\rl i site search model, as cach Tand unit requires o “stack”
ot L*untlgmh variabiles 71 in uddition to its binary selection varable ¢ th' £ virinhles
can be relased linear *.fmrlhl:-l\ with an upper bonmed of 1 to redoce ’rh!_* panber of hi-
ey varialiles ina mode] and improve solvability, Overall, the inclusion of additional
contiguity variables within u rool’s feasible m:itfhbr:-'rhmu] is ot @ very pawerful ap-
pl’l::-.lt]! tix Eunnul,mm_, :mitu_'rmh comstraints. ‘.‘Il hile @ rmwoele] that ine lml& o thiese comn-
straints can be solved with a standard MIP solver, the number of required variahles
leads to a condition where only the smallest of teasible neichhorhoods ean be ad-
dressed, The primary benefit of this constmint sel is that it Fepresenls o geners il -
.1n1!11trtml.|\ formulation of the rooted r_cmtu_rmt'. pr{]hlem m-i :.Imtm] tn—*swlhtmn

‘:.hrnh it Path (nrm;,_,mn; SPC Constraints. To reduce the number of contiguity
variables inoa model, we can constrain the allowalle lmlhx Biebwiren a given Lm[i it
and the root by lowering the value ol n, in constraints (3 and (4], For example, a rel-
atively comstrained] formulation is to [urllt each lund unit ko ]Jung its shortes| E"'lh
From the root and perhaps its next shortest path from the root. We define this case as
shortes] pul]'u comtignitv-2 [SPC-2); This can be generalized to SPC-& where & is the
number of contiguity variables associated with each land unit in the model. An in-
erease K meresses the leasible paths betaesn g root unit and suother laod unit and
adds another laver ot contiguity ‘..’rl.T.i.—lE‘.l]f'"H within the moots feasible netchborhood, We
define shortest [mih contiguity [SPC) as the special case where a land unit can only be
its shortest Imth [in bL'tLLll | ] wl omies) From thie roat. T this o ases, constraint (a3 ve-
duces to the following formy;

= (G

where Jis fand unit §'s shortest path {in land units) to the root, This |||1p||ﬂ:. that the
comtiguity 13 arinhle ¢ ¢ for each land it is redundant, a5 it is r"i]lhll to the selection
wirialhle T]wnhm we can eliminate -:.I”LIHHIUI-lIt'Ir varfables and {‘ﬂplﬁ‘n'!lllhﬂll!h tn
the root uamg []I]J} the |:|1n.u} sielection -..II'I..I]I (35

) x; where C; =|jlpy =pp — 1 and ¥, e [0, 1) i

feil,

where p is the shortest path length from lund unit § to f. This constraint stutes that o
lunel unit cin only be seleeted 1|'n.l Test one of its .1{1_].1[*[*nt Ll umiks closer to the root
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hies been selected, The similarite of this constraint to the one-dimensionad version in
eqpuation (1) is clear; as it imposes a precedence on the order inwhich land nnits may
b mu_.]s:(lwl in a site, However, unlike the one-dimension cuse, there is more than
e WAy ey resseeh o -:1'[1.1_ o land andt Feom g roat, The factors that alfect this E‘.lrf:‘l:_'i-‘t:lt:ntr_'
are the definition and pattern of adjacency. Figure 4 depicts an example of this prece-
dence for o regular and frregnlar tessellution. This greatly reduces the number of

varabiles and constraints neoe ssry b gmarantee r_m'lhrrnfh iy these constraints acdd
it warlables to 4 model mhd anly one vonstraiti per lasiel yimit. 14 adjucency is defined
to inelnde a shured point between Lo anits, the set € in equation (7T} inereases in
sive, bt no additional variables or constraints must be added toow medel o accom-
maddate this ¢ - anded definition of wdjacency and contiguity,

Animportant aspect ol shartest ]Mt]n conticuily constraints (SPCD 1x that nat ol
conbgos lamel unit patterns are feasible ina mr‘.nﬂl | that relies on these constraints.
[n o |3+ -+ waortls, some contiguous patterns are overlooked. Figure 5 depicts examples
:]l' f_-ml.lli;u:ms ]mth*rm t]:.‘l[ winld e im:hldrd anil l:'.l".'i“il']{]“]:{f."l'.! ina mudr:| 1[|U.1 i11-
cludes SPC constraints. Essentially, SPC constraints do oot allow a Pitttern that len-
bles hack towsard the root in any direction. Section 4 ¢ \]l|u|n s the contiguons pattermns
that are included and overdooked by 5P comstraints in more dupl]l

v
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S FEASIBLE NEIGHBORIOON PROBLEMS

Belore evithuating the [‘H'HIHJSEL] constraints, an importunt step is solving the feasi-
ble neighborhood problem. In two dimensions, this neighboriood is an arca aronnd o
root unit, The desired site area and compaclness ure impartant (actors in dq_-t[_-rminm}_:
this neighborhiood. A search for g iar_l;r_ur site dilates the leasible neizhbarbood, ad o
search for-a smaller one contracts it Similarly, thi search for a less cornpel site di-
kates the feasible neighborhood, and a search for & maore compact site contracts it
This s important becanse diserete. site search models generally include o binary de-
ciston variable for each potential land unit. anel the number of binary variubles s the
primany determinant of hew diffieult a 0 integer programming madel is toosohee
aptimally (Nemhaoser and Wiooksey 1955), Thus, the number of land units in any
given problem instance should e minimized to improve solvability. We deseribe two
strategics [ur sulving the frasible neighborhood problem: exact and heurstic

31 FExact Feasilile Netghlorkoods i o Raster

In a regular tessellation, it is worth pursing the exuct minfmuom feasible neighbor
hiood because neighborhood shape is the sune for every laned anil. Extra land anits
that cannot l.HJHh“}E_‘.' bz in o raal’s best site add HIECCUSSLry vanriebles uned eonstraints
to a problem instance. The primary factor that influences the size of the leasible
neighborhood is the maximum allowable number of land units in the site, For exam.
ple. if there is a construint of this tvpe in a madel, then the equation for the munber
ot eells in the feasible neighborhood fora root cell in a mster is

2

n=a¥+ - L2 5]

where o i the musinmmm number of cells o the site and 7 is the number of cells i the
root s feasible neighborhood. This functional n*lut:in:lﬁhi]'r was defved ﬂmugh Ghrars:
vation. and it can be wsed to determine the number nl'i'liu.-u'y decision variables {vells)
in the feasible neighbarhooml in o raster, siven no other spatiul constraints on the site,

A seconed factor that influences the size and slhape of a roots feasible neighborhood
15 the desired site compactness. A compactness constraint can e tiseedd to n;u'h_x:h:nn'ull_!.
reduce the feasible neighborhood, as mast practical problems are for very compacl
sites. There are o number of uantitative shape contpactness measures in the geo-
graphic literature (Austin 1984; MacEachren 1985 Hom. Hamiplon, and Vanden-
berg 1993) Consider the measure that relies on the ratio of a site’s area to ik
perinietir xr{uur:*t]. The perimeter i be multiplied by a constant & to place the
measure on a O-1 seale, 10 E 6 sel o 25, the measure will seore a souare siho in a
taster us the most compaet shape with avalue of 1, Flacing an adjustable fower bound
on this ratie allows an :LIL;ll}'HT tos comitro] the sites intmum compacliess, It alge Fapeil-
itutes calenlating a site’s maxinnm perimeter length as follows:

¥3!

o = —1 9y

2
(kP kLA

where P s the perimeter of u site in cell edoes, A is the sites ared in cells, & is o con-
stant. and & is a lower bound on the sites compactness, An upper bound onoosites
perimeter 15 usceful becanse it can be wsed to farther reduee the size of the (easible
neighborhood, By sabvang for the minimum perimeter necessary to reach each cell
trom o root cell, we can L'Hln'i_‘ti‘-'i_‘l}' mile ont cells that canpot be reached within the de-
fined perimeter limit, 1f the search is for a very compact site, then the perimeterwill
e highly construined, and the feasible neighborhond will be Q::J['[US]”]{IH{EHHI_T sl
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Given the abive compactness measure, the minimom feasible neighborhood can
be identified by solving for the minimium perimeter necessary Lo reach amven cull
from u roat cell. This can be formulated a5 a 0-1 |1Ltf*nvr-pmg_,mmmmg problem. The
tollowdng formulation ean be used to identify the exact shape of the feasible neigh-
borhood. given the site ace and perdmeter limil

Objective: Find the minimum perimeter necessary to reach a cell from o root land

1mnit.
min ¥ ¥ {10
N, oA

Subject to: The site must be g cells in size,

Y x == (11}

T
The site st be contiguons by shortest path contiguity,

= %, Wie N, (12}

et

I fandd nmit | s selected bt 15 not, then their shared edee is part of the permeter
X X =y Wie N andje A, (13

I land unit j is selected but i is not, then their shared Edg'* is part af the perimeter.

"il- .

=1y Vie N, andje A, 114)

The root wind the cellin llll:.‘!i!irl!t st boths Be in the solution,

£, =1 ie [roki 11&
L il anit 1 s selected for the site |
where O ,
0 atherwise
1 it adjacent land unit f or f is selected. but not both
b, = .
Y O otherwise
il the area of the site (in eells)
|' the index of the root cell -
I e fnelex of the eell in L'Iur'.l:[iun +
i llic shortest imth fin land wnits’ between { and |
e | iips = { =1 _
A Jl jis adjacent tod, j =& and j& N,];
N an area larger than the exact teasibile neichhorhood of +

The u|.1j:-_-L'li'-'e of this model s to idt‘ntif}' the minimum perimeter necessary to reach
i el Frosn s coot, Note that the contignity constraints |'.IT‘.‘-'HH!IIT{‘1[ in the prior section
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are used to hn]p solve this p:'ui:ln:lrl, Due to the inherent svinmety of i raster mﬂigh-
borhood arownd aroot, this problem only needs to be solved for a very small number
of cells. An indtial approximation of the feasible neighborhood for o root must be de-
termined. The model above can be used 1 reduee the Jmiuhhnrlltmtl to itsexnct min-
LT, '

Figure 6 shows the neighborhood for a mne-cell problem with the minimum
serimneter values necessary to reach each eell in L!ll};k's- The durkest urea s the femsi-
E:I]E neighhorhood for asite with a masimuam perimeter !ength of twelve edges: In
other words, 11 a site is constrained Lo |1u'-':iug s s permeter of 12, then eells
ontside the ared marked “127 cannot possibly be in the root’s feasible neighborbod
{ur this prnlrlvm instanee, As the permeter is allowed Lo l-xpuud_ anel the constraint
on comnpactness is relaxed, the feasible neighborhood essentially dilates {progres-
sively lighter shades of gray).

T]"Il'l”iuj{!l phgervation, itwas noted that two parameters are necessury to define o
neighborhood that has been reduced by a masimum perimeter constraint in a regular
f.{ri:l. The first parameter i the maximum Manhattan distance that o cell can be from
the root, and the second is the muximum Eoclidean distance that a eell ean be
traom the root. A cell must meet bath of these canstraints to be in the root’s neighbor
hood. For exarnple, assume that the search is for a nine-cell site und the minimim
compactness of the site is 50 (1 is maximally compact), Equation (9) would look as
foallewurs:

Iz
1 g _
!”ﬂ—(—) = 16,97, (16)

25 ) .ol

Therefore. the longest the sites perimeter can be is sisteen cell edges. In Figure 6, the
only cells that ¢an be reached with a perimeter length of 16 are the cells with a masi-
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e Manbattun distanee of siy cells from the root and 2 masimum Euclidean dis-
tance between coll conters of five cells, Tt suffices to store the vidues of 6 und 3 for
these two parameters in u table that has placeholders for the neighborhood size for a
nire-cedl pi'ﬂhh:‘n‘l when the perimeter must be less than sisteen celges, Table 2 sl
avariehy of site arcas and perimiter lr_'ll.gl‘hs el the 1.‘nrrn:;pr:m]ing ki Man

hattan ang Evelidean distances to define the minimom feasiblo neighborhoad. The
values in this table were derived nsing the model formulated in equations{ 101 — (15),
Mote that this table is constant for a raster and need only he derived once prior to
soilving future site seurch pmhlr:m_r._

3.2 Approximating the Feasille Neishborhoed

A dess intensive approach to the feasible neighborhood problem is to approximate
it with a heuriste ru![u for either a regular or irregular tessellation, In the cantest of un
irregnlar tessellation, this is the only sensible option, as every Tand unit has @ uniquely
shaped exact feasible neighborhood. Consider the fallowing approvimation method
lor the perimeter-bused measure of shapie compactness previonsly deseribed. Tn this
problem contest. a land unit with a centroid greater tlh:m cme-hall the maximm
perimeter from the root’s centroid, in Euclidean distanee, cannot possililv be in the
teasible neighharhood of the root unit. 1t s simply nat possible w identify a site that
cantaing both land nnits and meets the compactness imusimum perimeter] con-
straint, A perimeter-hased exclusion distanee can be computed foran irregular tes-
sellation given a perimeter hased compictness measire as follows:

A LA P
L e Pl &S andd of =T — G
|Hl]ﬂ _\n:] _I: ;‘._ } LIl i ‘/2 i

il

where o is the Evclidean distanes feom the eoot to the centraid of any land unit in
the feusible neighborhood, and w is the minimum width of the site, Setting k to 252

TARLE 2
Freasibilie Ni‘igi]i'lrarhwhr Definition Pavamiters for Constrined Permeter Problems tna Baster
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citlla [ | sl Muntuttan Enehideis
25 LX) M b I
(153 o u h
1164 24 A )
.54 26 L 4
36 L 1K) 24 1§ 3
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places the measure on a 0=1 scale and svores a circle as the most compact shape with
w value af 1 {MacEachren 19583), This approach is similar to Diameond and Wright's
(19911 exclusion distance embedded within their implicit enumeration algorithn.
While: this will not resull in the minimuam neighborhood for a given oot anit, it is
simple to calenlate and can greatly reduce the number of land units in the neiglibor-
b dl;:]:n_:ndjug o the vihies of Loand . M:‘nrif}.fing neswe rethods for approNimat-
ing the feasible neichborhood for various problem instances {5 an area lor futher
rizsearch.

4 CONSTRAINT ANALYSIS AND EVALUATION

The purpose of this section is to evaluate the propased contignity constraints. The
questions that puide this analvsis are;

o How docs the nomber nlluulltigumls patterns thal STC constraints overlook iy
with Lhe area uned comipactness al a sile®

o What s the 1'#1:1ti{m.~;hi;‘| Between the desired wren and comnpagingss ol a site and
the Efﬁc-a{.}' andd L:mt:il.'uu:.' ol a site sewrch neighborhomd aperator?

* What strategies can be lll_“.‘&ll]pfﬂ[l to improve s uLiljt:-.- of the construints ani
their {.‘llfi-.'icuu_'v":"

4.1 Constraind Efficacy

The purpose of this part of the analvsis is to evaluate the utility of the proposed
constraints, Figure 5 demonsteates that it is relatively casy to identify contiguons site
petterns that SPC eonstraints overlook (thatis, do not congider feasibles, However u
more systematic methad of evaluation s required to answer the questions above, One
approach is to utilize an emumeration algorithm to search all contignous land unit pat-
terns (Goodehild and Hosage 1983), An enumeration alsorithm can be used to evalu-
dte every pattern as to whether it would be feasible or overloaked |:uj;£~il"‘{_.' constraints.
This allows absolute site pattern counts to be established that can be classified b
thesir .*:puliu] properties like perimeter and area,

An enmetation algorithng wis liv'ﬂ.'h:pq ol based on Dinmond and Wrights (1991
notion of restricted branching. The wlgorthm relies on a branch-and-hound tree,
where restricted llrzlll.chirlg Erl-:l[‘.']'li.'!ﬂ that nn]}' contiguous patterns are enumerated,
Omee dilference between onr algorithir and Dinmond and Wright’s 15 that we have a
roal unit in a spatial tessellation 1o establish the root node ol the branch-and-bound
tree, The only bound on the Llupt]l of our tree is the masimom number of lond units
in asite. This algosithm can be used to explore questions puSL'LE for FL’:]Ill'j‘v'E!}" srrall
p:'r:!‘.n]:r:rls, where 1]r-:1hiem sive isa hmetion of the maximum number of tand units in
asite. For larger site search problems, the computational burden of enumerating and
eviluating all patterns that are contignons to a root becomes prohibitive, The initial
computational experiments were performed using the mster data set in Figure 12 he-
Cal s h'p:lli:l.] Tl?thill'i]iti' leads to more 'nul:vrim-lahia_- biesnehmirk statistios,

Area Anelysis. The goul in this phase is to isolate the number of contiguous pat-
terns that SPC constraints overlook us o finetion of the desired area of a site, The
ennmeration algorithm was used to count the number of contignous patterns for a
roaled site search [JrUhlE]EI, aswell as the number that 5PC constraints overlook
across & runge of site areas. Table Sshows the results of this analysis: Teis elear that
the number of potential patterns grows exponentiadly as a function of the desired
site area. as does the number of contignous patterns that SPC constraints overlook.
The perecnlage of site pittterns averlooked b SPC constraints increases aApproN-
iately 1Er|uur|}' as the mumber of Tand units in the site is increased. For a site as
sinall as twelve cells, the pereenlage :rllt'untif_;unus patterns that SPC constraints
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iverlook excecds the percentage of contiguons patterns that the constraints con-
sidler feasible.

Connpratettiess Analysis. To assess the effect of compactness on the utility of SPC con-
shraints, we used an arca-to-perimeter-based measwre of shape compa thess, A sites
perimeter is the sum of the lengths of the shared edges between adjacent land units
when un]x ome of these land units is selected lTor the site, The cnumeration algmithrrl
Wils ‘mgmﬁrlw:i b sl enlate the perimeter of every site pattern examined. Table 4 de-
plets the vesults: of this analysis. Site area ranges from tour to fifteen cells, and the
perimeter ranges from the moest compaet conbiguous site to the least compact con-
tiguons site for each area. As noted by W n;bht ReVelle, and Cohon (1953), muh EYE
mumiber perimeters need to be considered in i raster, s @ site pettern cannist heeves sy
ol perimeter ]Ltl;:_,th. lmlt.'-.'-'u:t!lj trend in Table 4 is that the prrcentage ol [ral-
terns that SPC canstraints overlook decriases as the perimeter of the site decreases,
Therefore, u site search model that ntilizes SPC constraints includes w much higher
percentage of the compact patterns than noncompact patterns. This i5 a desirable

TABLE &

Tl Nemiber of Rooted, Contiguous-Site Pattermns in o Rastor, ad the Noapber and Pereentoos of Pidiems
That SPC Cansteaints COverlaok
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e 13 21501 S el ] aL.an
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{{ua!it_'.r. as mast site search Emﬂl[ems ure for rf:[ntiwl}. eompact sites, bocause non-
compact sites are sinuous and often congain holes.

Tmprovement Strategies. A key concept that ean be used to miprove the utility of
Al constraints is that a contignons pattern that is not feasible from one root using
these constraints may be leasible by another root using the same contraints. Figure 7
shiws a pattern where one moot (n) would overloak the puttern with SPC constraints,
b another unit in the same pattern wonld not (h), As Iung as one land unit in a con-
tiguaus pattern sees the pattern using SPC constraints, the pattern is globally feasible
tor the entire study arca,

I order to understund the benefit of this ohservation, the enumeration alporithm
was augmented to test whether a pattern thal would not be feasible nsing SPC from
one roat cell wonld be feasible from aiy of its comstituent cells. 11 (he pattern was fiza-
sihle using SPC constraints for any constitient cell. then the pattern can be consid-
ered globally feasible for the studv area. Table 5 depicts thi percent of patterns that
would not be feasible h_v SPC constraints Tram any constituent land unit using SPC
constraints. The patterns in the table with compactness score greater than 46 for the
mesure given in (9] are outlined. Note that all patterns within this Cinnpactness con-
straint are globally [easible (that is, feasible by some constituent roat cell) for a site
bietween nine and fifteen cells. This means that & model that includes SPC constraints
could guarantee the optimal solution in this instance. if every locally rooted problem
were solved aud this cOnPCLiess candition were included,

The vesult of this porticn af the analysis is that SPC constraints are o viahle, general
solution tothe contigiity problem in some problen instances, The utility of the con-
straints increases as the desired site compactness is increased. A caveat regarding this
tuble is that it was derived for a site that ranges in area from nine to lifteen eells, and
there is no simple way of knowing whether this trend holds for larger sites: In other
wordls, the rpuestion as te whether SPC construints would inelude the sarme pereent-

Foo, 70 A Pattesrn That 1s Not SPC Feasihle |'|:. One Boof (a) Moy Be ||I1.' Ancther (b

TARKLES
The |-‘14"-:I'I-."I'.'1Im;l_.-:L' ol Batterns Thae SPC Constraints Ohesronk mea Baster When Every Laad Unit 15 Used o
a oot Tor o LocabSite Search Prabileom
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age tlthputtr_-'ms in a model for o laugur aren (Tor exmple, one hundred cells) under
sitnilar compaetness honnids remains an assamption,

2 Efftetency Analysis

The [raLr s ol this jprarl of the -'lrm]}-'xi.*i is Lo eviduale the v!'l'ii.'it:ut_":.' of the }ru[.:u:i::r.i
construints and associated Sljglﬁ.il deu:umpu‘;iﬁ:m method. To achieve this LmIi i series
af computational experiments was perfomed. T he most sienifleant Factor redarding
the efficiency of a site search neighborheood aperator is the number of land units in
the feasible neighborhond. Bach additional kind unit increases the number of -
ables and constraints ina E”'“l henn instinee. The prier section articubated the effect
that desired site area and compactness have on the size and 511.-1L}L: of the leasthle
netghhorhood for an example compactness measure. The following experiments test
the effect of virying sile drea sl comnpacluess on the efficie LY of models that in-
clude the pm}_}used d:f.mt;l_,uﬂv constrinnts. Afl i*xpemm*uh were concdicted ut.m;H
CPLEXMIP™ pnoa Sun ":]‘hl]]\. 1

The prive section also noted (hid SPC constraints overlook relatively noneompel
f_mttm.mm Site patterns, LHerwever, u construint torm wis presente ol in (3] to |3 to
pmtrrewwh include more patterns ina search by adding lavers of contignity vari-
ables. This constraint form prove sl borwonrk for very srmall ]J!uh]{_,nn bt was inefTicient
for moderately sized problems, even in the minimal case where each land unit is db-
‘s!LT]{:,d bty l‘{TIItIUIllh varahles in addition to s E:m‘u". selection varlable (SPC-
For this reason, we ]'.n.'p s demonstrating SPO-2 constraints.and focus on ul}p]»mg
SPC constraints (no contignity variables) in the context of both a regular and irregu-
L tessellation.

Area, Ceomnpactness, anel I"f}fﬁ'ency The Hrst experiment tests the effect of varving
site arest ane compactness om the efficiency of a site search operator for a vegular tes-
seflation, An {mm]ﬂn *-mé,]n‘ uh;: Clive Upuﬂlur is given bl tos I{lumh the most
suitable, conbiguous site, Site mutdb]hl} is defined us the sum of the individual land
unit suitahilities.

Objectives Maximize the suitahility of the site.

e =, = Z Ny P15

subject to: The area of the site must meet minimwn area requirements,
g

Y o= A (19)

Thee area al the site must nol ereecd masinuam arca requirenients,

¥ oax =4, [20)

The perimeter of the site cannot excesd an upprer bonmnd,

Y Foegyt ¥oepx, ST (21
=

=N_ =4 =N,

IF land unit § is selected but  is not, then their shared edge is part of the perimeter.
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Xk =y Vie N, andje 4 (23}

If land unit § 15 selected but i is not, then their shared edge is part of the perimeter.

XioE =y Vie N m'"l..li s A (23]

T select a land unit, at least one of its ad_ju::rsnt Lind units closer to the oot must be
selected.

=¥ 1y Yie N,

1af lanel umit §is selected |
whers

0 otherwvise -

B | 1ifi ar f i sedeeted (but not both),

i, =

*§ ]“t]ﬂ'l[‘:!“;'."iﬂ[‘ :

r thes il of the root -

i the area ol Tand unit 1

& suitability of Tand unit § ;

Zr the ahjective value achieved for root r

P the: maximun perimeter length of the site

P the shortest path length (in land units) hetween fandj;

(I I_p'i||”.'l' = Fie.™ ].I :

v, [i | #ds in the feasible neighborliood of r

A (| jis acljacent to ¢, > ¢, and j e N|

#y the edwge length between land units fand | .

£l the edge length between land unit i and the bonndary of the feasible
neighborhood or study area ;

Ay a loswer honmd on the arew of o site

A, an upper binmd on the area of a site |

This formulatian is very similar to the one PrESEIItE‘tl tiy ddefine the feasible u[-igh] HIr-
hood for a raster in (10D 1o (1530, But here we are solving for the best contiguons site
within u defined fopsible neighbarhood that includes i oot unit and meets the area
sl cornpaectness constraings,

The raster suitability data set in Figure 12 was utilized to test the efficiency of this
site:search aperaton Ten oot collswere randamly selected from this data set (that is.
L20), 835, 687, 436, 451, 766,522, 557, 33, 573), and the operator was executed on
each root aeross a sevles of site arcas ranging from twf_'nl}'—fivr to sixtv-fonr cells. Tn
the formudation ahove, the lower honmd on the area of the site and the npper breranicl
oy the perimieler control the desired site COMpRCtness, The npper bound on the area
of the site in comstriint (20} 15 not required hut can be useful in approximating the
[easiblie Twig_h|mrh~::m!. For the raster-hased experiments, the upper and lower
bounds on the site arcain (190 and (200 were sob to the same value. This reduces the
Pwo constrainls Lo Eiu_s_{le copuality constraint. Compaciness was defined using ceua-
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tian (9], so0 the most conipract H]H:li:lL‘ i e raster is a seqruire. Figure § shinvs the mean
solution time for the ten sumple root cells across o range of arca and compactness wvill-
e As expec ted, solution Hme increases as the r-nmpan bress constraint is relaed or
the area constralnt isinereased, The COMPRACLIIESS SCOTes rnge from § o .54 nsing the
measure in (91 Below 5, the feasible neighborhood dilates toa puint where the 111_ -
cfits of the proposed spatial dec {:-mpmltmn become negligible. For some of the cells;
the u:mp!vh- feasible I'I:t"'l""]‘.IE:II.:I'I]I{_](](] 15 ot prescnt in the data set, as the eell Tay he
near the data set houndarv. This leads to an efficiency gain that would arise in any
hlﬂlrllli d \lu{]". TLﬁjTPII .

The irre '-"‘LlL!.r HLL:It;I.l}ll[t\ dlatn set in Fi ignre 1.3 was also wsed Lo test the l.d_l[liJJl:' op-
erator in | |‘r| to (25), The data st T 2.’:-’: el units with an average area of 23.25
sipuare kilometers and an average perimeter of 36.72 kilometers. T-'1;_=;|11:= 4 shows the
mean solution time Tor ten root kand units randormilby selected from the tessellation,
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The two independent variables in the plot are the minfmum area of the site (k21 and
ils minimum compactness, Site compactness and the approsimate Teasible rlt*ig]iht:r-
oo were defined tising equation {17), The minimuom site width e was set to (0 1o as-
sess the eﬂ-'it‘:irm_:}.' of the worst-case Teasible neialiborhiood approximatinon in cach
case. A similar rf*l:lﬁnnship is evident i this p]ut, where 1'::|gm’ng th Corpactness
constraint or imereasing the minimuom areaof the site ineveases the solution tHme nee-
essary to solve a pt':'rh]q_:m instanee. The COmpaetness vilies raTE from |1 to 3, where
compactness values preater than or equal to 6 in this tessellation are not feasible
This is because a perfect cirele has aovulue of 1 by this measure, and it is difficult to as:
semble irrepmlir land units inte a cirealar shape.

Tprovement Stretegies. An assumption to this point is that a site search netah b
hood operator must be applied to every Tand unit in a spattiad elinta set, In many prob-
lem contexts, this is not necessary, as sereening methods can be used to remove land
nnits from consideration, There wre two types of serecning that may be performed.
The first is attrifute-based sereening or land sereening (Brobson 1974). In this case, a
bl nenil is resnoved from eonsidertion hised uutjre[?.- on itsattribotes. An u_zv.;uuplv
af this tvpe of screening is a canstraint where a site iy neit inelude a given lund vse
tvpe. Attribute-hased screening is powerful but muost be exercised with cure, s re-
meving a land wnit fromn consideration removes all potential sites that might utilize it
as an element. 1f a lurge number of scattered Jand units are screened ina study area.
it gan be difficult to meet the spatial requirements tor a site. For this reason, arbitrany
attribute sereening thresholds should be waided (for example, suitability < x),

A second tepe of sereening is contevtial sereentng, This invobves ; walyzing the con-
tets of o land unit’s feasible nedghhorhood prior b solving a local site scarch nwdel,
For exarmple, given a masimom sile area constraint, if the i+ best noncontiguous lune
uiks in Tflv fesssibales 1'|t'1'g|l]u_|rh:‘1r_:d dos mot meet o minimum threshald, there s no
point in salving for the root’s best contignons site, This can be accomplished Dy sort-
g the land units in each roat’s feasible neighborhood b somne eriteria and agaresat-
ing the p best to derive an upper bound for the root's best site, Root Land nuits with a
hest noncontiguons site that do not meet a mintmom threshald can be screened from
consideration. A central problem is deriving the threshold, One approach is to sorl
the roots by their best noncontignous site and solve the top one in the fist [or ils best
contiguous site. This provides an initial lower bonnd whereby any root with a best
noncontiguons site below this lower bound can be sereencd. By proceeding throngh
the sorted list of potential ruots, each time a better cantignous site is found, the lower
bound improves, and potential raots [rom the hottom of the list can be sercened.
Clontexiual SEPCENTE i n‘;’fgnlﬁ{!:mll}- reduee the time ta solve Tor e u[:!iuml site in
i purl[uuiar prohlem instance. us CvEEY Linel vintt that is sercened From consideration
represents one less local optimizdtion problem that must be solved. The henefit of
this bype of sereening varies aceording to the spatinl strueture of the input mmeaps el
the size of the teasible neighborhomd, Tdentifing effective contestual sereening
miethods in virions proflem instanees is an area for further research.

L Generating Noniofertor Trade-aff Curves

Contextual sereening was used to wd in generating example noninferior trade-off
curves between eompeting objectives. An inferior solution in multiohjective pro-
Cranining is one Lhitt ean he imprrw:-*fl forr all n}:j{»t'tives [Cohon 1978), Figure W de-
picts a series of noninferior trade-offs between the competing objectives ot
masimizing site suitability and masimidng compactness lor the rster data sét. The
trade-offs are entively Lor contivuons solutions. TL would not Lave heen porssiblis 1o
procuce these plots using the above model without inclading the proposed contiguity
comstraints, us roladng the enmpactness construint would have resulted ina noncean-
tiguons site. The plots show a general trade-off, where inereasing the compactness
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|'f-r11|ir{*.m{*.nt reslbts ina lower total ﬁuihihilit_\' for u site of Eequul area, The pk}t also
shows that, regardless ol the compactness constraint, increasing the area of a site al-
wivs inereases its total suitability in a regolar tessellation when suitability values are
|m§;ith-‘t—r.

Figure |1 depicts a similar set of noninferior tradeott curves for the irregu]ur dlatu
seel, Inthe contest of an freegnlar tessellation, the aren and compactness of o site must
by sullewed] to viry, Comstraint {18) is the Toweer bownd on the site area, and constraint
121) is the upper bound on the site’s perimeter, Tr.‘xgether these two constraints con-
tral the compactness af the site using eqpration (17) No apper bound an the area of
tlaes site wats sel Tl bowned on the perimeter served as an upper bonnd on the area
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501, as e connpatlness vitlue i roelised, the sits arca Firay g lL:r”L’I in this pmlrh i in-
stance, A similar trend to the rLj.,uLu' tessellition case is L'rﬂlvnt whers | inereasing the
tlesived compactness of u site decreases the total sultability that can be achie ved. Thf-
11|Ui also shows that when the connpuctness constraint is minimal, o !dI.'LJ.‘]' IEIVRITREIAREIN
area constraint will result in o site with a greater tistael suitabilite. However: as the
compitctness construint increases, o site with a karper minimum area (for t-.x.-lmplz-*..
1000 may achieve a total suitalility score less than that of o site with a simaller mini-
i area {for :*.'«'.um[‘ah'. 25), In essenee, 4o meel the minimum wrea and compuctness
constrainls, 4 site with a [.irlr; ST i H 1Tk brioves to mgrrate b wn dred of linver
suitability to meet these xpahal constraints,

O final note, o eonstraint was acdded to the formulation in (18 1o (25) (o improve
thir elficicne voin genemling thee weminferior carves, In short, total soitbility cannot
deercas as sitie cor npactiess is relived From anv noninferior point. A mnple Lol -
straint can be added to the model to quickly mle outa root laind nnit as possessing a
[rate wmttal noninferior salutian. The total \1..|Iq|}|||l'~ bar the last identificd noninferor
solution was used as a lower bound on the total au1t‘||>11:t\' for the next probiun. This
i final form of sereening where CPLEX™ abandons a 0-1 problem if the relaxed
linear solution for the problem instance cannot meet the lollowing constraint;

PN, 2R

whure 805 the total suitability oF the Last noninteror solotion in progressing from a
compact solution to a less ﬂ;mp‘wt solution.
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SEONCLUSHN

The constraints proposed in this paper reprosent aviable, general approach to the
contipuity prohlem in site seareh o H|r'Ei1:g_[. The sissociated spatial 3]1.—*-;.11:11[1{Jsitinn
metho] e :1Ip]1"-: He historie rt‘[al.tiimsh:ip Tretween the total number of fand units in
i Hjﬁ;lti.‘il it set wodd a models soloton Hme. However the ]'Jrup(:r,'.::d apyir mch leaves
the difficulty in solving a problem instunce o fimetion of the number of land units in
the Feusilile n:‘*'[::]ihm'lrf:mﬁ. For this reason, the efficiency of this approuch improves
w5 the desired site area is deereased and the desived site compactness is increased. Al-
though most practical siting problems are for relatively compact sites, the benefit of
these constramts is probably net in solving applied siting problems but in experi-
wenting with new site search problem formulations and henchmarking the solution
duality of heoristic algonthms,

SPC econstruinds are & very etheient sel of contiguity constrainds;. as |i|.t_‘_‘n.' add no
variables to a model and onlv one constraint per Lund unit. However, they overlook
s noneempact q-nm'if_\(u- s uitterns in tessellabion and cannot guarinbee the -
timal solution i all problem instunces. The likelihoad that they identify the optimal,
contignons solution mereases as the desived site compactness inereases. The degree
terwhich this isain issue depends on the problem contest. In the least, they offer the
apportunity for spatial analysts to ripidhe test experimental formulations without de-
veloping a inique solution deonthm for each model
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We presented bvo improvement strategies to aid in efficienthy searching for the op-
timal contignous site using SPC constraints, The Hest is attrilute-based sereening,
where land units that cannot possibly be in any site are removed from the search
process. A local site search IH{HL'I eloes not need to be sobved for these land onits,-and
they should never appear in another root’s best site. The other improvement strategy
is pontextial sereening, which involves preprocessing i'uﬂ'rmﬁnl roal land units to de-
termine if the overhead wssovinted with h‘n]virlg‘ il ::upLirnuI site senrel madel Tor a
lund umit s warranted, The benefit of these twa sereening strufegies can be subistan-
Hal but varies acennding to the prablem instance.

There are i namber of interesting direclions L [pursie in the context of this re-
search, Experimenting with new formulations that utilize the construints proposed in
this paper is one obvious arei. This might involve new shape measures like elongation
or perforation (Wentz 20000, new methods for representing geographic features and
the landseape in general {Goadcehild 1982), or new applications. Another area in need
of research iy ;_{rnuml hewristic methods for .wh*inl._: site search pmhln—:ms like Inter-
c:h;mge, TABLL and regiim-growing, Soluton quality can be assessed with 2 model
that inchides the constraints in this paper. and & good algorithm might find a better
contiguons solution in nemeamipacl cases, Heuristic ulgurilluns are the !-u::.' [41 inle-
grating site search models with o GIS, The constraints Ty also e value in ap-
proaching multi-region site search problems as well as volometric searches in a
three-dimensional spatial framework. Finally, the notion that the most efficient pro-
posed constraints (SPC) overlook a subset of non-compact site patterns highlights the
neced fora tractable consteaint form that captures all {_‘mlligurrlis site patterns rt:_f_{:i.:l‘l:i—
less of spatial characteristics,
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