CHAPTER 4

Computer Codes

Our purpose ih.t,his éhapter is to offer two complete
programs whi.ch‘ ;vill héip Hconsidepably. in exploring the
methodology «f our work. In sec. 411 we have given the
pmeudo code o the computer program for the weighted unconst-
rained case, whose Pascal vprogram appears in sec. 4.1.2
whereas sec. 4.1.3 describes the program in Pascal language

in the con'st,raivned‘ equiweighted case.
4.4.4 Pseudo code of the weighted minimax problem

Wé now present. the pseudo code of our algorithm of the
MinimumSpanningDiamond in the unconstrained case. We assume
the availabilit,;v of a subroutine InitialStep having as its
input, the coi.;fdi#at?es ;af 'the demand points belonging t;o the
set. S together with the weights associated with them. This
procedure outputs a point. P whose ’weighted - rectilinear
distances from 'A, B € S are equal. We further as'sumé t.he
eﬂstence of gnot.her subroutine Stretch which éalculétes the
set. of alternative opt.imal solutions constituting a portion
of an edge of EP(A,B)J.' ALGORITHM MSD processes the set. S of - |
demand point.z and yields the minimum spanning diamgnd of S.
UNDONE. a Boolean variable, being .‘init,ially set to TRUE,
becomes FALSE with the attainment of the solution in which

case the algorithm terminates.
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Algorithm MSD

Let ' be the portion of EPCA,B> ext,endiné from P to vaR(A,B')._,' "
Call InitialStep’ |
UNDONE = TRUE"
WHILE UNDONE DO
IF P € RCA,E> THEN UNDONE = FALSE
ELSE
S1 = S N\ {A,B>
S2 = {C = Si] the weighted distance from P1 e I', different
frqm P, is the same as that of A or B where PP1 is least)
IF |SZ| =0 THEN'
P =VEP(A.,B) M 3RCA,B>

UNDONE = FALSE

ELSE

IF |s2] 1 THEN
IF Pt « RCA,B> or R(B,C) or RCA,C> THEN UNDONE = FALSE
ELSE drop A or B and assign C to the point dropped
ENDIF o | |
ELSE
select. two points from S2 u {A,B), rename them A,B
and P «— P1
ENDIF
ENDWHILE
Call Stretch
output the nummum spanning diamoﬁd

END
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4.1.2 Pascal program for the weighted unconstrained location
problem

Program Minimum_spanning_diamond;
uses cort,dos; o :
t.ype list=arrayii..n]l of real;
var infile,outfile:text; :
xX,y,w:list;
i,11,i2,i3,1,m1,12,m2,ic:integer;
d,ds,x1,x2,y1,y2,h,k,u,v,dif ,}Jambda,wi:real;
flag,aflag bflag:boolean;
hh,mm,ss,hs:word;
Procedure Maxdistdvar iiiinteger);
Proc to find point i1 at a max wtd rect dist from (x2,y1d>)
var d,maxd:rceal; ‘ .

begin ;
d—-maxint.
.for i=1 to n do
begin

d:=wlile(x2~-x[1)+ylil=y1D; .
if maxd<d then
begin
maxd:=d;
ii:=i
end
end : .
end; {End Maxdist}>
FProcedure Diff(var df:ireal; ji,jinteger; c,dreald;
{This proc calculates the difference of rect distances of)>
{Z points j1,j from a given point (c,d>}
var f1,f2: real
begin
fi:=wl jila<abs (I j13-cd+absyl j11-dd);
r2:=wl jlx(abs(xl jl1-ad+absyl j1-ddD;
df :=f1-12
end; {End Diff>
Procedure Product(a,b,c,d:reald;
{This proc finds the sign of the product of rect dist of)>
{points i1,i2 firom the points (a,b) and (c,dd>>
var dif1,dif2:real;
begin
bflag:=true;
diffddif1,i1,iz,a,bd;
AAff(dif2,i1,i2,c,dd;
if difixdif2 {0 then bflag:=false
and; {End Product>
Procedure Quadr-ant,(var p,@integer; a,b,c,d:reald;
{Proc to find the quadrant. in which (b,d> lies wrt,(a,c)}
begin
p:=0;q:=0;
if a>b then p:=-1;
if a<b then p:=1;
if c>d then q=-1;
if o{d then g:=1
erd; {End Quadrant)>
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Procedure Min _max{(var min,max:ireal; r,s: real);
{Proc to find the max and min of 2 real numbers r and s>
begin
mini=r;
if min>s then
. begin ‘
max:=min;
min:=s
end
2lse max=s :
end; {End Min_max> -
Procedure Reclt.dng,le(a b,f1,21,f2,g2:real; var flbooleand;
{Proc to test if (a,bd is within or on the rectangle with>
{<f1,210.(f2,22" as opposite vertices)>
begin '
fl:=t.rue;
min_max{(x1,x2,f1,£25; !
min_max(Cyi,v2,21,825; "
if ((a>=x1> and (ad{=x2>> and ((b>=y1) and (b<{=y2>>
then fl=false A
end; ' - {End Rectangle)
Procedure Select; '
(Thist proc selects 2 points needed for the next iteration) .
begin
Quadrant.<l1,mi1,x[i1l,h,yl[i1]1,k>;
Quadrant(12,m2,x[i2l,h,yli21,k>; :
if =120 and (mi=m2> then {I,III,VII,IX w.or.t. i1,i2>
if wliiKwli2] then i2:=i3 else i1:=i3

else {1rLIV,VI,VIII w.a.t. i1,i2>
begin
Quadrant.{12,m2,xi31,h,yli31,k>;
if A1=12> and (mi=m2) {III,VII,IX w.r.t. i1,i3>
then i1:::i3 else i2:=i3 ‘
end ]
end; {End select)>

Procedure Int.2rchangedvar ji,j2:integer);
{This is a proc for swapping 2 integers)

var tinteger;

begin

te=3j1; jl:=j2; j2:=t.

end; ’ . {End Interchange)
Procedure Pointd{var kil:real;k2:real;p1,p2,q1,q2: integer);
A{Proc to find the point of intersection of the equipolygon>
{and the boundary of the rectangle)

var arreal;

begin

am=wlilla(lixdill mlixyli11D-wli2le (12ux[i2]+m2«yl[i2]1);

ki Ca—M*(v.[11]tp1-w[12]¥p2))/(w[11]*q1-w[12]*q2)

aend; {End Point>
Procedure Boundary;
var l.minteger;
{Proc to obtzin the point of 1nterseut.10n of the edge of >
{the equipolyzron and the boundar-v of the rectangle mov1ng}
{along the dirzction of descent?

begzin



"7

min_max(x1,5%2,x[i11,x[i213; .
min_max{y1,v2,yli1l,yl[i21>;
Quadrant.cli,mi,x(i1l,h,yli11,k>;
Quadrant.{1z,m2,x{i2]1,h,y[i2],k>;
L=11+12; mi=mi+m2; w=maxint; v:i=maxint;
if (1=0> or <(m=0> then <{zone IV,VI or VIILII>
i (=02 tlen {zone IV or VI>
begin
if {dm=-2> then v:i=yl else v:i=y2;
product(xl,v,x2,v);
if bflag"true then
begin :
v:=maxint;
if wliiPwli2]l then u=x[i2l else u:=xli1l
end
end
else <{m=0>
begin -{zone VIII or II>
if (1=2> then u=x2 else u—xi,
productdu,yl,u,y2>;
if bflag=true then
begin -
u=maxint.; :
if wlitldwli2] then v:i=yli2]l else v—y[11]

end
end; ' .
if A1=12> and (mi=m2> then {zone VII or I or III eor IX>
if (m=-2> then {zone VII or I>
begin ‘

vi=yl; p|~oduct(x‘1 V,xX2,V);
if bflag=false then
begin :
v:=maxint;
if A=2> then u-x2 else u=xi

end
end
else ' {m=2)
begin {zone III or IX>

v:i=y2; product(xi,v,x2,vD;
if bflag=false then
begin
v:i=maxint;
if (A=2> then u=x2 else u=x1
end
end;

if dA1=0> or (Mm1=0) or dA2=0> or (M2=0> then
{Lines of =

separation of all zones in pairs except V>
begin
if dm=2> or (m=-2> then
begin ‘
if (m=2> then v:i=y2 e.lse vi=yi;
product(x1,v,x2,v);
if bflag=false then

if C11<>0> then 12:=-11 else 11:=-12
else
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if AQ1<0> then 12:=11 else =12
end;
if (I=2> or (1=-2> then
begin
if d=2)> ihen u=x2 else u=xi;
product. Cu,yl,u,y23;
if bflag=false then -
if (mi1<>Q> then m2:=-ml else mil:=—m2
else
if (mi<>Q> then m2:=ml1 else mil:=m2
end '
end; _
if Cu=maxint?> then pointdu,v,mi,m2,11,12>
else pointdlv,u,l1,12,m1,m2>
end; {End Boundary>
Procedure Testi{al,bl,a2,b2:reald;
{Proc to find euclidean dist. of (h,kD lying on a given >
{equipolygon from the point of intersection of this and>
{another equipulygon)>
var xm,ym,z:real;
begin
xr:={al+a2d/2; ym:=(b1+b2>.2;
Quadrant d2,m2,x{il,xm,ylil,ymD>;
7:=wlille(lix(di13-hD+mik (yli1]1-kDd>- wlilx (12%xdil~hd+
m2%(ylil-kl>;
—z/(w[n]*(ll*(u-h>+m1*(v—k))-w[1]t(12*(u—h)+m2t(v—k)))
if {(z>0)> then
begin
lambda:==z;
i3:=i
and
and; ) {End Test)
Procedure Convax{var lambdail:real; a,b,c:reald;
{Proc to test if a real number lies in a given interval>
begin
if <(b<>ad> then
begin
lambdail:=<{c~ad.(b-ad;
if <{lambdai<0> or (1ambdai>1) t.hen lambdal:=maxint
end
else lambdal:xmaxint

end; {End Convex)>
Procedure Update; ’

Proc to update a given point (h,k> for the next iteration)>
var xm,ym,r,s:real;
Procedure value(vax freal lamda,a,b:reald;
begin
f:=lamda%xb+l-lamdadxa
end; '
begin
lambda:=maxint; i3:=maxint;
xm:=Cu+h)./2;yin:=(v+k>./2;
quadrantdi,mi,xl[i1l,xm,yfi1l,ym>;
for i=t to n do '
begin
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if Ci<>i1Y and (i<>i2Y then
begin
diffcadif,i1,i,u,vd;
if (dif<=0 > then
begin '
convex{(r,h,u,x[il>;
convex(s,k,v,ylil>; ‘ _
if (rOmaxint) and (sOmaxint) then
begin
if (r<{s> then
begin )
" wvalued{ym,r,k,v>;
diffddif,i1,i,xlil,ym>;
if (dif<=0> then testd{h,k,x[il,ym>

else {dif>0>
begin
value(xm,s,h,ud;

difrddif,i1,i,xm,ylil>;
if (dif<=0)> then testd{dil,ym,xm,ylild
else . {dif>0>
begin
diffddif,it,i,u,vd;
if {dif<=0> then testd{xm,ylil,u,vd
end .
end
end .
else {r>=s>
begin
value{(xm,s,h,ud;
AifFCdif,it,i,xm,ylil>;
if (dif<=0> then test<{h,k,xm,yl[i]>
alse  {dif>0)>
begin
value{ym,r,k,v);
dif £(dif,it1,i,x[il,ym>;
if <dif<=0> then testd{xm,ylil,x[il,ymd
else’ o Adif>0>
begin
diff(dif,il,i,u,v); ,
if (dif<=0> then testdxlil,ym,u,v>
end '
end
eind
end
else
if (rOmaxintd then
begin '
valuel{ym,r,k,v);
ciffd(dif,i1,i,x{il,ymd;
i" (dif<=0> then testcCh,k,x{il,ym>

else {dif>0>
begin
diffddif,il,i,u,vd;

if {dif<=0> then testdxlil,ym,u,v)
end .
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end
else .
if (s{Omaxint) then
begin
valuedxm,s, h u)
drff(d).f,11,1,xm,y[1])
it" (dif<=0> then test.(h,k,xm y[1])
else {dif>0>
hegin
diffcdif,i1,i,u,v);
if (dif<=0> then t,est,(xm,y[x],u,v)
end
end
else testdCh,k,u,vd;
u:=hit(i~-lambdad+usxlambda;
v:=k#¥{1-lambdad>+vxlambda
end {dif<=0>

end i<>i1,i2>
end; ' {end of for>
h:=u; ki=v
end; {End Update>

Procedure Initial step;
{Proc to fincd (h,kd> equidistant from at least. 2 points)>
var di,dii:real;
begin .
x2:=x{11; yl:=yl[1];
for i:=2 to n do
begin
if x2<x[i] then x2:=xlil;
if yidylil then vyi: -—y[1]
end; .
Maxdist (d1);
i2:=0;k:=y1;h . =x2;u:=xli1);v:=y1;
‘update;
if i3=maxint then
begin A
hr=xlill;u:=xlill;v:=yl[il];
update;
ki=v
end )
else h:=u; .
i2:=i3 )
end; ’ {End Initial_step>
Procedure Stretch;
{Proc to find the line segment giving t,he optimal soln set)
var l,minteger;
f1,f2,f3.f4:real;
Procedure One<b,c:rreal;pl,p2,q1,q92,s:integerd;
begin '
point<b,c,p1,p2,q1,925; )
if s=2 then diffddif,i1,i3,c,b>
. else diffddif,i1,i38,b,c);
if dif>0 then
begin
if s=2 dhen begin wui=c; v:i=b end



121

zlse begin u=b; v:=c¢ end;

updat.e
end
else u=maxint -
end;
begin :

Min_max(x1,»2,xfi1],x[i21>;
Min_max(y1l,v2,vli1l,y[i21D;
Quadrant.(11,m1,x[i11,h,yli11,kD;
Quadrantdz,m2,x[i2],h,yli2]1,k>;
1:=11-+12;m:=mi+m2Z;u:=maxint;
dif£(£1,i1,i2,31,y1>; diff(£2,i1,i2,x2,y1);
dif £4£3,i1,i2,x2,y2>; diff{f4,i1,i2,x1,y2D;
if =02 and (m=0> then {(h,k> inside the rectangle’>
begin
if CF1x£2<0> then onefu,yl,mi,m2,11,12,15;
if (F2%£3<0> and C(u=maxint) then
onedv,x2,11,12,m1,m2.2);
it (£3%1£4-0> and (u=maxint) then
onedu,y2,mi,m2,11,12,3>;
if u=maxint then

begin
u:=x1: pointdv,u.l1,l12,m1i,m2>
end
end : {(h.,k? on boundary of rectangle)
else
begin
if (m=-1> then
begin :
if (f20:€3<0> then u:=x2
else ) ’ ' '
if (F3xf4<0> then vi=y2 else u=xl
end
else
if (1=1> then
begin
if (£1%f2<0> then vi=yil
else
if (f3%f4<0> then vi=y2 else u=xl
end
else
if (m=1» then
begin
if (£f14£2<0> then v:i=y1
else
if (F2%f3<0> then u=x2 else u:=x1
end
else
begin
if (f1¢£2<0> then v:i=y1
else :
if -(F2uf3<0> then wu=x2 else vi=y2
end; "

if u=mmaxint then pointdu,v,mi.m2.11,12>
else pointdv,u.ll,l12,ml,.m2>;
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update
end
end; {End Stretch>
beginv {main action statements>
" clrscr;

flag:=true;
assigndinfile,’file.dat’);

resetdinfiled.

assignoutfila,’out.put.’>;

appendCoutfile);

writeln(’supply the number of data points’®>;
readlndn); T o

for i:=1 to n do
readIlndinfile,xdil,v[il,wlil);
gettime(hh.mm,ss,hsd;
write(outfile hh,’:’,mm,”:’,ss,’.”, hs:22;
initial_step;
rectangledh,k, x[11],v[11] x[12],y[12] aflag);
if aflag=false then flag:=false else Boundarvy;
ic:=0;
while flag do
begin
update;
if {d3=maxint)> then flag:=false
else
begin
rectanglaCh,k,xli1l, yli1],x[i31,y[i3],aflagD;
if aflag=false then
begin .
flag:=1alse;
~interchangedi2,i3)
end
else
begin
rectangledh,k,xl[i21,yli21,x[i31,vLi3]l,aflag);
if aflag=false then
begin
flag:=false;
1nt.er~c:h.ange(11 i3>

end
else select
end
end; {end i3<{>maxint)
Boundarvy;
ic:=ic+1
end; {end while>

writelnCtotzal no. of iterations=’,ic);
write(’The stretch extends from (’,hs5: 2,’,’,k5 2);
Stretch;
writeln(’> t.o (’,u 5:2,%,7,v:5:2,”>’>;
gettlme(hh,mm,ss hs);
writedoutfile,’ ’,hh,’:?,mm,”:” ,ss ,’.’,hé:Z);
writeln(outfile,’ ’ied;
closeloutfilel:
clasadlintils):

end.
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413 Pascal program of the equiweighted cons't,rained minimax
locatior; problem

program Constrained;
uses crt,dosy
const inf = 1.0E+35;
type list =uzrrayl1..100]1 of real;
list1l =array(1..500] of real;
row zarrayi1..4] of real;
col  =arrayl1.2] of real;
index =set of 1.100;
var infil,out.fil:text;
a,b,c,=s,a1,b1,c1,x1,y1:list;
x,y:list1;
ax,ay,ca,dd,mi:row;
z:col;
s1,s2:index;
m,n,i,i1,i2,i38, j,ji,i1, 12,p,ch01ce,count. 1nt.eger,
ui,u2,vi,v2,hiki,h2,k2,h,k,x0,y0,c11,mi1:real;
mi2,alpha:real; : .
flag,done:boolean;
procedure interchangedlvar di;el,f1,d2,e2,f2:reald;
{ Swaps two sets of variables)>
var t1,t2,t3:real;
begin
t1:=d1;d1:=c2;d2:=t.1;
t2:=eljel:=a2;e2:=t2;
t3:=f1;f1:=£2;f2:=t.3 o
end;- { End interchange >
procedure Diamond(var x1,x2,y1,y2:reald;
{Finds the sitretch KQ in the unconstrained case)
var u,v:ireal;
function FindMax{(ti,t2:listi;p,qiintegerd:real;
{Constructs the smallest rectangle containing all demand
point.s having sides parallel to x+y=0, —-x+y=0>
var =z,max.real;
begin
for i=1 to n do
begin
= pxtifil + gwt2lil;
if (4=1> or (z>maxd then max:=z;

end;
FindMax := max
end;
begin
ccl2]l:= FindMax(x,y,1,1);
ccl1l:= - FindMax(x,y,-1,-1D;

ccl4l:= Findvax(x,y,~-1,1D;
ccl3l:= - FindMax{(x,y,1,-1);
{Finding coordinates of Kd(xi,y1> and Q(x2,y2)}
u=(acl2l~ccl1]d; v:={ccl4)-ccl31);
x1:= Cecl1)=cel31D/2; x2:= (ccl2l-ccld1d./2;
if u >= v tLhen
begin
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yi = (cclll+ccl3D2; y2

end .

else

begin

vl = (calil+ccl4dd/72; v2

end ’
end; o { End Diamond >
Procedure FindSegmentcCvar f1,g1,f2,e02:real;

var found:boolean?;

{Finds the optimal solution set in case KQ has a non-void
intersection with the constrained region R)>
var d,e,ub,lh,vmax,vminireal;
begin

found = true;.

ub:=1; lb:=0; i :=1;

while (i<=m> and found do

begin

d:=allil*Cul-u2d + bililkd(vy1-v2D;

e=cllil - aitlilsu2 - bililxv2;

if 40 then

Ceclll+ccl4D. 2

Ceal2)+cel310.72

begin
vmax:= e/d;
if ub > vmax then ub = vmax
end
else
if d<0 then
begin
vmin:= e./d;
if b 4 vmin then 1lb := vmin
end
else
if e<0 then found := false;
i= i+ 1
end;
if Cub < 1b> then found = false
else '
begin

f1 = ub¥xul + J(1-ubdxu2;

g1 = ubxv1l + {i~-ubdxv2;
£2 = lb»ul + (1-—1b')*u2j.
g2 = lbxvli + (1-1bdDxv2
end
end;

) { End FindSegment >
procedure FindDominate(var u,v:real; var Jj1,j2:integer);
{Finds dominating sided(s). .at .a point)>
var dirow; maxrreal;
begin
j1 = 0; j2 == 0O;
dlil:=abs{u+v-ccll1l); diZl:=abs(u+v-ccl21>;
d3l:=abs(-utv-ccl31); di4l:=abs(~-u+v-ccl4D;
max = 0;
for i:= 1 tc 4 do
begin
Sif dliPmax then
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begin
max = dlil;
j1 =1
end
else
if dlil=max then j2 = i
end : .
end; { End FindDominate >
procedure Gauss(var al,bl,c1,a2,b2,c2,u,v:reald;
Finds the point of intersection of two linear equations)
var kil:real:
begin
if a1<>0 then
begin
ki:=a2/a1;
if (b2-kixbi <S0> then
begin '
. vimle2-kluc1d/(b2-kixb1);
u:=(ci-vebi1d>/al
end
else writelnCthe solution does not exist’>
end
else
begin
v:=cl./b1;
if a2dd0 tiren u=dc2-v¥b2d/a2 else writelnCparallel’™
end :
end; { End Gauss >
procedure counterclock;
{Arranges the constraints to form the convex polyhedron)
var ji,j2:integer;
procedure partition;
{Partitions the constraints in sets =1,s2
according as blil < or > 0>

begin
=1 = [}); s2 = [];
p = 0; .
for i:= 1 to m do
begin '
if (blil < 0> or blil = 0> and alil < 0>> then
begin

p = p + 1,
s1 = s1 + [i]
end
else s2 1= s2 + [i]
end
end;
procedure sortdiliinteger);
{Sorts the vonstraints in ascending order of slopes)
var t:real;
begin
for i = 1 to i1-1 do
for j = i+1 to i1 do
if =[i) > =sljl then
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begin '
interchange(allil,bilil,c1lil.a1l j1,bil j1,c1l j13;
t = =lil; slil = sijl; s[j] = t

end
end;
begin
partition;
=12 = p o+ 1
for i == 1 to m .do
if i in s1 then
begin
atl j13 = alil;
b1l j11 := ‘blil;

c1lj11 = «clil;
jr = j1 + 1
end
else
begin .
allj2} = alil;
b1l j21 := blil;
cil j21 = clil;
j2 = j2 + 1
end;
for i ;= 1 to m do
if <(bilil>0) then slil = (-ailil/bi1lild> .
else
if (atlil < 0> then slil = -inf else s[il = inf;
sort(pl; '
p = mTp;
sortdpd; )
end; { End Counterclock >
procedure Ve-rtices(r,s,£:list);
{Obtains the vertices of the polyhedron)
begin .
for i =1 t.o m do -
if dOmM? then. Gaussd(rlil,slil,tlil,rli+1],s[i+1]1,t0i+1],
x1[i+13,y1li+11D
celse Gauss:(rlml,slml,t.fml,r(1],s[11,t[1]1,x101],yv1[11>
end; . { End Vertices >
procedure InitialChoiced(var f,g:ixreald; '
{Assigns starting values to (h,k> >
begin
f = (x1[11+:1021+x1[310.73;
g = (yiu1l+y1[21+y1[31D.73
end; { End InitialChoice >
procedure Convex{(c,d:real; var u,lambda:real;
var found:boolean);
{Finds if a real number u lies between 2 real numbers
begin '
found = false; _ :
if (c<O>dd> then lambda = (u-d>.C¢c~d> else lambda = 2;
if d{dambda’»=0> and d{dambda<=1) then found := true
end:; { End Convex >

c,d>
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procedure NextMovementd(v:real: l,s:list>;

{Finds the direction of movement at a nonoptimal point>
var lamda.zz:real; aflag:boolean;

begin :
i1 := 0; i2 = 0; i3 := 0;
for i =1 to m da
begin

convex(llil,l[i+1]),v,lamda,aflag);
if {aflag=trued t,hen
if (i1=0> then
begin _ )
i1 = i; z[1] := lamdaxs[il + {1 - lamdadxsli+1]
end ‘
else { i1 &S 0y
begin
if 42=0> then
begin
i2 = i; z{2] = lamdaxslil + (1 - lamdadxsli+1]
end :
else { i1,iz &> 0 >
if {i3=0> then '
begin
i3 = i; zz = lamda=xslil + {1 - lamdadxsli+1]
end
end;
if (i2=i1+1> then
begin
2z[2} = =z; i2 = i3
end
end
end; . : { End NextMovement >
’ procedure Dorn1nat,1ng,Pa1r, '
{Assigns coordinates of a vertex to (x0,y0> when two
two dominating sidées exist)
begin

if 11=1> and (12=3> then choice = 1;°
if 1=1> and 12=4> then choice = 2;
if A1=2> and 12=4> then choice := 3;
if 1=2> and (12=3> then choice := 4;

b4
case choice of

1 : begin x0:=ax[1]l; yv0:=ayl1]; count:=1 end;
2 : begin vO:=ayl2]; x0:=axl2}; count:=2 end;
3 : begin x0:=ax[3]; y0:=ayl3]; count.:=1 end;
4 : begin yC:=avyl4l; x0:=axl4]}; count:=2 end
end

end;

procedure SingleSide; ..
{Assigns cooxrdinates of a vertex to (x0,y0> when t,wo

one dominating sides exists)

{ End DominatingPair »

begin
if Cli=1> or: d1=3> then
begin
x0 = axi1l;
if (1=1> then vO = avi2l else v0 = avliil):

end
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else { 1=2D oxr (l1=4> >
begin
x0 = axi3}; ,
if Q1=2> then y0 := ayl4] else y0 = ayl2);
end .
end; ’ { End SingleSide ?»

Procedure  Updatedvar. f,z:ireald;
{Select.s one of the two points of intersection of x=h or
y=k with the boundary}

begin )
if absd{(f-z[11> < absd(f-zI[21> then
begin
g = =z[1];
i= i1
end
else
begin
g = zl2];
i = 12
end
end; { End Update >

procedure InitialStep;
{Reaches an active boundary from an interior point
maintaining primal feasibility>
var alpha:real; aflag:boolean;
begin
aflag = true;
verticesd{al,bl,c1d;
x1lm+11 = x1f1]);
vilm+1]l = yi1f1];
InitialChoice<(h,kD;
FindDominateodh,k,11,12);
if d2=0> then
begin
SingleSide;
NextMovement(k,y1,x1);
Convex(zl11,z[2],%0,alpha,aflag);
if Caflag=irue) then {y=k meets x=x0 inside R>» -
begin )
h = x0;
FindDominate<h,k,11,12>;
end
else Updatedx0,hd {y=k meets the boundary>
end; '
if A2<50> then
begin
Dominat.ingPair; .
if (count=1> then {(choice=1)> or d{(choice=3>)»
begin
NextMovement Ch,x1,y1);
Updatedy0,k>;
end -
else {Cchoice=2> or {(choice=4>>
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begin .
NextMovement(k,y1l,x1D;
Update(x0,h>;
end
end .
end; s : . { End InitialStep >
procedure KReplacedt,ulist; f:reald;
{Updates boundary if SC is not satisfied at extreme point)>
begin
mit = =lil;
if absd(tli+il~f> < absd(tIlil-f> then
begin
i=1 + 4;

h := tIil; k := ulil

foa
]
c’.
=
[H
—
=
n

ulil
end; '
mi2 = slil}.
if (mill1}=1)> then
begin
if <mill1)e«m11i<0> then
begin it" (m11xm12<0> and (mi2<1> then done := true. end

else
if CCm11>1d and (m12<1)>> or (n1i1d> and (mi2>1>>>
then done = true
end _
else { mill1)=~-1>
begin

if (mifl1ikm11<0> then N
begin if {m11xm12<0> and (m12>-1> then done:=true end
else .
if (dmi1<~1> and (m12>-1>> or
Cdm11>-1> and (dm12<~1> or (M12>0>2>>> then done:=true
end -
end; . { End Replace >
procedure Onedlvar f,g:real; ureal; t,w:list)D;
{Course to be taken when s[ilxmi1[l11>0 >
var lamda:iraal; aflag:boolean;
begin :
Convex(tli}, tli+il,u,lamda,aflagd;
if (aflag=trued then

begin
f = u; g = lamdaxwlil + {(i-lamdad*wli+1]; done := true
end

else replacedxi,yl,ud

end; ' { End One >

procedure Two;

{Course of action when (h;k> is on x=x0 or y=y0 >
var aflag:boolean;

begin

if Ccount=3> than
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begin

if Cabs(s(iI><1> then done = true <{ M is optimal >
‘else { abs<slild>=1 >

" begin

if (sl[ilK0> then y0 = ayl2] else y0 := ayl4l
Convex{yllil,yili+1]l,y0.alpha,aflag?;
if C(aflag=true> then

begin
done = true;
k = v0: h = alpha%xili]l] + (1-alphad*x1li+1]
end ) )
else Raeplacedyl,x1,y0>
end
end
else ] , { (count=2> >
begin . . .
if (abs(sliId>1D thén done = true { N is optimal >
else ¢ { absd(s[lid<=1 >
begin ‘

if (=slilK0> then x0 = axf1] else x0 = ax(3];
Convex(x1[il,x1[i+1],x0,alpha,aflag);
if C(aflag=trued then

‘begin
done :(= true;
h = x2; k = alphaxyilil + (1-alphadxyili+1]
end . '
else Replacedx1,y1,x0>
end
end
end; { End Two >

procedure Four;
{Course to he adopted when s[il¥mil[l11<0>
var aflag:boolean;
begin
if (b1Llil<>0> then
begin
c11l = {ctlil-atlilxx0>./b1lil;
Convex(k,y0,c11,alpha,aflag); .
if daflags#trued then
begin
Convex(x1lil,x1[i+1]1,x0,alpha,aflag);
if {aflag=trued> then
begin
FindDominateCh,k,11,12>;"
DominatingPair;
h = x0; -
NextMovement(h,x1,y1);
Updat.eCy0,kD>;" S - '
if Cabsd(slild<1> then done = true <{ M is optimal >
else { absd(slild>=1 >
begin
Convex(y1lil,yili+11,y0,alpha,aflag);
if (aflag=trued then
begin
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done := true;
k = y0; h := alpha®xilil + (1-alphad¥xili+11
end .
elszs. Replace(yl,x1,y0>; { aflag=false > -
aflzag = true : '
end )
end :
else Replace()d,yi xO) { aflag=false >
aflag = true ' s )
end
end;
if <(b1lilJ=0> or (aflag=false> then
begin
ConvexCyilil,y1li+1l,y0,alpha,aflag);
if (aflag=trued then '
begin
if (absd{slil>>1> t,hen
begin . i
done := true; { M is optimal >
k = v0; h = alpha:txi[l] + {d-alphadxxili+1]
end
else
begin
jj = 11;
FindDominateCh,k,11,12);
if A1=3jj> then 11 := 12;:
Singl=Side;
Convex(x1[il,x1li+11,x0 alpha aflag;
if (af lag—t,rue) then

begin
done := true;
h == x0; k = alpha%x1[i]l + {(1-alphad*xxili+1]
end
else’ Replage(vi,xi.yO) _
end
end
else Repliacedxl,y1,x0>
end
end; { End Four >
begin { main action statements »
clrscr;

assigndinfil,’input file’; .

{The coordinates of the demand points and the coefficients
of the linear constraints to be read from the input file)>
resetdinfild;

assignoutfii,’output file’d;

rewritedoutfild;

writelnCsupply no. of constraints m and no. of points n’d;
readin(m,n); ,

for i := 1 to n do réadlndinfil,xlil,ylilD;

for i = 1 ta m do readlndinfil,alil b[1],(..[1])
Diamonddul,ul,vi,v2>;

axi1):={ccl1)~ccl31D 72 -:iV[l]—(Cu[lJ‘*‘LL.[o] 22
axi2h=Cocll]l-cal412.72: ayl2l:=(cclliitccld]Id 2:
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ax{31:=(ccl2]}~ccl41>.72; ayl3l:=C(ccl2l+ccl41>/2;

axfd4l:=C(ccl2)-ccl31D.72; ayl4l:={ccl2l+ccl31>.72;

for i =1 to 4 do

if di=1> or (i=2> then milil = -1 else milil :

Counterclock;

FindSegment (ht,k1, h2 k2,flagd;

if flag=true then

begin .
write(CThe segment from <(’,ht,”, ’,k1,’>’,’to (,h2>;
writeln(’, ’,k2,’> constitutes the required solution’>

+1;

end
else { flag=false >
begin ’
done = false;
InitialStejp;
while not{(flagd do’
begin
if A2<00> then
begin
Two; .
if (done=trued then flag = true
end
else { 12=0 >
begin
if (sfil«mill11>0> then
begin
if Zabs(slil><1> then Oneth Sk,x0,x1,v1D
else Onedk,h,y0,y1,x1)>;
if <done=true) then flag = true
end
else : { C(s[ilami1l111<0> >
begin ’
Four;
if <(done=true) then flag = true
end
end : .
end . o .. . { end while_ >
end;
writeln{outiil,’h= *h,’k= ’,kD;
close(out.fild;
closedinfild

and.



