
CHAPTER 4 

Computer Codes 

Our purp<.:>se in t.his chapt.er is t.o o:ffer t.wo complet.e 

programs whi.ch will help considerably in exploring t.he 

met.hodology of" our work. In s:ec. 4.1.1 we have given t.he 

pseudo code o:t t.he comput.er program :for t.he weight.ed unconst.­

rained case, whose Pascal program appears in sec. 4.1.2 

whereas sec. 4.1.3 describes t.he program in Pascal language 

in t.he cons:t..rained equiweight..ed case. 

4.1.1 Pseudo code of: t.he weighted minimax problem 

We now present. t.he pseudo code o::f our algorit.hm o::f t..he 

MinimumSpanningDiamond in . t..he uncons:t.rained case. We assume 

t.he availabiHt..y o::f a subrout..ine Init..ialSt.ep having as it.s 

input. the co(.,rdinat.es of t.he demand point .. s belonging t.o t.he 

set. S t.oget.her wit.h t.he weight..s associat.ed wit.h t.hem. This 

procedure out.put.s a point. P whose weight..ed rect..iline,ar 

dist.ances frc:.m A, B e S are equal. We furt..her a.S:sume t..he · 

exist.ence of another subrout.ine St.ret.ch which calculat.es t.he 

set of alt.eX"nat..ive opt..imal solut.ions 

o::f an edge of" EPCA,B). ALGORITHM MSD 

cons:t..it.ut..ing a port.ion 

processms f.he set. S o::f' 

demand point.,:;: and yields t.he minimum spanning diamond o::f S. 

UNDONE. a fk•olean variable, be~ng . init.ially set. t.o TRUE, 

becomes FALSE wit..h t..he at.t..ainment.. o::f t.he solut.ion in which 

case t.he alg·:•rit.hm t.erminat.es. 
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Algori t.hm MS:O 

Let. r be t.he po~t.ion OI EP<A,B) ext.encling !rom p t.o . aRCA,B) . 

Call Init.ialSt.e? 

UNDONE = TRUE· 

WHILE UNDONE DO 

-~. 

IF P e RCA ,H) THEN UNDONE = FALSE 

ELSE 

S1 = S '. {A,B} 

S2 = {C E S1 I t.he weig-ht.ed dist.ance !rom F'1 E r. dif"f"erent. 

from P, is t.he same as t.hat. of A or B where PP1 is least.} 

IF I S2 I = f) THEN 

P = EP<A ,B) () aRCA,B) 

UNDONE =: FALSE. 

ELSE 

IF IS21 = 1 THEN 

IF P1 E RCA,B) or RCB,C) or· RCA,C) THEN UNDONE = FALSE 

ELSE dx·op A or B and assign G t.o t.he point. dropped 

END IF 

ELSE 

select. t.wo point.s f"rom S2 u {A,B}, rename t.hem A,B 

and P +---· P1 

END IF 

END 'WHILE 

Call St.ret.ch 

out.put. t.he minimum spanning diamond 

END 

') 
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4.1.2 Pascal p:t•ogram for t.he weight.ed unconst.rained locat.ion 
problem 

Program. Minim1.un_spanning_diamond; 
uses crt.,dos; · 
t,ype list.=arrayU .. nJ oi real; 

v.ar infile ,out:file:t.ext.; 
x,y_,w:lis:t.; 
i>i1,i2·,i3,H,m1,12,m2,ic:int.eger; 
d,ds .• x1,x2.,y1;y2;h,k,u,v ,dif ,lambda,w1:real; 
flag ,af"lag· .b:flag:boolean; 
hhpmm,s:s,hs:word; 

Procedure Mcmdist.<var ii:int.eger); 
<Pr-oc t.o :flnd point. i1 at. a max wt.d rect. dis:t. :from <:x2,y1)} 

var d,maxd:rt3al; 
begin 

maxd:=-maxint.; 
. for i:=1 t.o n do 

begin 
d:=wUJ* <x2- xlil+.yUl":": y.D;. 
if maxd<d t.hen 

begin 
maxd:=d; 

ii:=i 
end 

end 
end; <End Maxdist.} 

Pr-Qcedure Diff'(var df:real; j1,j:int.eger; c,d:real); 
{This proc calculat.es t.he difference of rect. dist.ances of} 
{2 point.s J1tj f"rom a given point, <c,d)} 
var f"1,:f2:real; 
begin 

f1:=w£j1l*<abs(x£j1J-c)+abs<y[j1J-d)); 
:f2:=w£Jl•<abs(x£j]-c)+abs(y[jl-d)); 
d:f:=f"1-:f2 

end; <End Diff"} 
Procedure Product.<a,b,c,d:real); 
{This proc finds t.he sign of t.he product. of rect. dist. of} 
{point.s i1,i2 f:t-om t.he point.s <a,b) and <c,d}} 

var dif1,dif2:r•eal; 
begin 

bflag:=t.rue; 
diff (dif1 ,i 1 ,i ~:,a ,b); 
diff (dif2 ,i 1 ,i :.~ ,c ,d); 
.if dif1*dif2 <O then bflag:~false 

end; <End Product,} 
Px•ocedure Quadrant.<var. p,qdnt.eger; a,b,c,d:real>; 
t:Proc t.o find t.he quadrant. in which (b,d) lies w.r.t..<a,c)} 
begin 

p:=O;q:=O; 
if a>b t.hen p:=-1; 
if a<b t.hen p:=1; 
if c>d t.hen ·q:=-1; 
if c<d t.hen :J:=1 

end; <End Quadrant.} 
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Procedure Min __ maxCvar min,max:real; r,s:real); 
{Proc t.o find t.he max and min of 2 real numbers r and s:} 

begin 
min:=r; 
if min>s t.h:.•n 

begin 
max:= min; 
min:=s 

end 
else max:=s 

end.: <End Min_max} · · 
Procedure Rec t..angle<a,b ,f1,g1,f2,g2:real; var f1:boolean); 
<Proc t.o t.est. if Ca,b) is wit.hin or on t.he rect.angle wit.hl 
{(f"1,g1),(f2,g2: as opposit.e vert.ices} 

begin 
fl:=t.rue; 
min_max(x1,,,a,f1,f2); 1 

min_max(y1,y2,g1,g2); · · 
if CCa>=x1) and <~<=x2)) and ((b)=y1) and Cb<=y2)) 

t.hen fl:=fa.lse 
end; <E~d Rect.angle} 

Procedure Select.; 
IThis: proc seJ.ect.s 2 point.s needed for· t.he next. it.era.t.ion} . 
begin 

Quadrant. <I1,.m1 ,x[i 1] ,h, y[i 1] ,k); 
Quadrant. 02 ,.m2 ,x[i2J ,h, y[i2J ,k); 
if' (11=12) and (m1=m2) t.hen <I .• III,YII,IX w.r.t.. i1,i2} 

i:f w[i1J<w[i2J t.hen i2:=i3 else i1:=i3 
els:e <II,IV,YI;VIII w.r.t.. i1,i2} 

begin 
Quadrant..; 12 ,m2 ,x[i3J ,h .• y[i3J ,k); 
if Cl1=12) and (m1=m2) <I,III,YII,IX w.r.t.. i1,i3} 

t.hen i1:=•i3 else i2:=i3 
end 

end; <End select.} ' 
Procedure Int .. ~rchange(var j1,j2:int.eger); 
<This is a pruc for swapping 2 int.egers} 

v.ar t.:int.egez·; 
begin 

t.:= j1; j1:= j2; j2:=t. 
end; <End Int.erchange} 

Procedure Po::nL(var k1:real;k2:real;p·t,p2,q1,q2:int..egei'); 
. {Proc t.o find t.he point. oi int.ersect..ion oi (he equipolygon} 
{and .t,he boundary or t.he I'ect.angle) 

var a:real; 
begin 

<"=:=w[i1l$01•:xfi1.l+m1•y£i1D-wU2J•<l2*x[i2]+m2•yU2D; 
k1:=Ca-k2•<,~£i1J•p1-w[i2J•p2))/{w[i1J•q1-w[i2J•q2); 

end; <End Point.} 
Procedure Bo•cmdary; 
var l~m:int.ege!r; 
-<Proc t.o obt.:~in t.he• point. of int.er:s:ect..ion of t.he edg'e or } 
{t.he equipoly:~;on .and t.he boundary or t.he· rect.angle moving} 
{along t.hi:> db.·.ec:Lion of' descent.} 

begin 

·.,; 
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min_max(x1,)(2,xJ:i1J,xU2D; 
min_max(y1,y2_,y[i1J,y[i2D; 
Quqdrant.Cl1,.m1,xU1J_,h,y[i1J~k); 

QuadrantJ02_,m2 ,x[i2J,h,yJ:i2J,k); 
1:=11+12; rn:=1:!li+m2~ u:=maxint.; v:=maxint; 
if 0=0) or Cm;;O) t...hen {zone IV,VI or VIII,ID 

i:f <1=0) t.!;-,en {zone IV or VI} 
begin 
if <m=-~D t...hen v:=y1 else v:=y2_; 
product. (xi, v ,x2 .• v); 
if b:flag==t.rue t...hen 

begin 
v:=ma:Jdnt.; 
if w[HJ>w[i2J t...hen u:=x[i2J else. u:=x[i1J 

end 
end 

else {m=O} 

begin 
if <1=2) then 

· {zone VIII or II} 
u:=x2 else u:=x1; 

product.(u,y1,u,y2); 
if bflag=true then 

begin 
u:=maJd.nt; 
i:f w[i1J)w[i2J then v:=y£i2J else v:=y[i1J 

end 
end; 

i:f (11=12) .a.nd (m1=m2) then {zone VII or I or III or DO 
if <m=-2) then {zone VII or- n 

begin 
v:=y1; p:1'oduct(xl,v,x2,v); 
if bf'lag=false then 

begin 
v:=ma:dnt...; 
if <1=•.2) then u:=x2 else u:=xi 

end 
end 

else {m=2}. 
begin {zone III or IX} 

v:=y2; pl.'Oduct...Cx1,v ,x2,v); 
if bf'la~:=false t...hen 

begin 
v:=ma>eint.; 
if (1::,2) then u:=x2· else u:=x1 

end 
end; 

if <11=0) or (m1=0) or (12=0) or (m2=0) t...hen 
<Lines of separation of all zones in pairs except. V} 

begin 
if <m=2) .or Cm=-2) then 

begin 
if Cm=2) then v:=y2 else v:=yi; 
product. {x1, v .. ~, v); 
if b:flag=false t~hen 
if (lj <>O:> t.hen 12:=-11 else 11:=-12 

else 

.. 



118 

if (11{)0) t-hen 12:=11 else 11:=12 
end; 

if Cl=2) or <1=-2) t-hen 
begin 
if <1=2) ': .. hen u;=x2 else u:=x1; 
p:::-oduct..Cuty1,u,y2); 
if bHag=.f~ls:e ·t-hen 
if Cm1{)0) t.,hen m2:=-m1 else m1:=-m2 

else 
if (mi{)l)) t.hen m2:=m·1 else m1:=m2 

end 
end.; 

if <u=maxint} t-hen point..<u,v ,m1,m2,11,12) 
else point..Cv ,u,l1,12,m1,m2) 

end; <End Boundary} 
Procedure Test, (a1 ,b1 ,a2 ,b2:real); 
<Pr-oc t.,o find emclidean :dist... of (h,k) lying on a given } 
{equipolygon fr-f.>m ·t.he point, ·of int-er-sect-ion of t.his and} 
{anot.her- equipolygon} 

var· xm,ynt,z:real~ 
begin 

xm:=Ca1+a2)/2; ym:=Cb1+b2)/2; 
Qua.drant.Cl2,m2 ,xt:il,xin,yUl,ym); 
z::>:wU1l¥<l1•<xfi1l-h)+m1•CyU:iJ-k))-w[i]*<l2•C.xril-h)+ 

m2•Cy£il-kD; 
z:=z/(w[i1J•(l·.L•<u-h)+mt•<v-k))-w[il•<l2•<u-h)+m2•<v-k))); 
i.f' (z)Q) t-hen 

begin 
lambda:=z.; 
i3:=i 

end 
end; <End Test,} 

Pr-ocedur-e Conv,ax(var- lambdat:real; a,b,,c:r-eal); 
{Pr-oc t.,o t-est, if a real number. lies in a. given int..er-vaD 

begin 
if Cb<>a) t-hen 

begin 
lambdai:=Cc·-a)/ Cb-a); 
if Oambdat(Q) or Oambda1>1) t.hen lambdat:=maxint., 

end 
else lambda1::t.:maxint., 

end; {End Convex} 
Procedure · Updc:1 t.e ,; 
<Proc t..o updat..t~ a given point, Ch,k) for- t.he next, i t..er-at..ion} 
var xm,ym,r,:s:Peal; 
Pr-ocedur-e val•Je(var· f:real; lamcia,a,b:r-eal); 

begin 
f:=lamda•b+CL -lamda)•a 

end; 
begin 

lambda:=maxint..; i3:=maxint.; 
xrn:=(u+h)/2;yin:=Cv+k)/2; 
quadrant.<l1_,m1 .• xfi1J,xm,y[i1],ym); 
.fop i:=1 t..o n do 

br-~~in 
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if Ci<>i1) and <i6i2) Lhen 
begin 

diff(dif" ,i1,i,u,v);· 
if Cdif(=O ) t.hen 

begin. 
convexCr,h;u,x[iJ).; 
conve~x<s .• k.v ,y[il); 
if" Cr<>maxint.) and Cs<>maxint.) t.hen 

begi.n 
if (r(s) t.hen 

begin 
valueCym_,r,k,v); 
di:f:f(di:f ,i1,i ,x(i],ym); 
if Cdif<=O) t.hen t.est.Ch,k,xril,ym) 
1:!lse {di:f)Q} 

begin 
valueCxm,s,h,u); 
di:ff(dif ,i 1 ,i ,xm, y[i]); 
if (dif<=O) t.hen t .. est.Cxi:il,ym,xm,yUD 
else {di:f)Q} 

begin 
diff(dif .• i1 ,i ,u, v); 
if Cdif<=O) t.hen t..est.Cxm,yUl,u .• v) 

end 
end 

eud 
else 

bHgin 
valueCxm,s .• h,u).; 
di f:f Cdi:f ,i 1,i ,xm, yUD; 
.if" Cdi:f<=O) t.hen t.est.Ch,k,xm,y[i]) 
'~lse {dif")Q} 

begin 
valueCyrn,r,k .• v); 
dif"f(dif" ,it,i,xUJ,ym); 
if Cdif<=O) t.hen t.est.Cxm,yUJ,x(iJ,ym) 
else · {dif")Q} 

begin . 
dif":f"Cdi:f" ,i1,i,u, v); 
if Cdif<=O) t.hen t.est.CxHJ,ym,u,v) 

end 
end 

e-nd 
end 

else 
i:f fr<>maxint.) t.hen 
be~,g-in 

v'.alue{ym,r,k,v); 
cti.fTCdif" ,i1,i,xHJ,ym); 
B~ · cdii<=o) t.hen t.est..<h,k,xi:iJ,ym) 
e~ Lse {dif)Q} 

begin 
di.f:f"Cdif,i 1 ,i, u, v ); 
i.f Cdi:f<=O) t.hen t.Hst-(x[i],ym,u,v) 

end 



end 
else 
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if C:s<>maxint.) then 
ber~in 

v;:;tlue(xm,s,h,u); . 
dr.ff<dif ,i1,.i,xm,yriD; 
il!' (dif<=O) then t.est.Ch,k,xm,yUD 
e:Use {dif)Q} 

begin 
cliff (dif ,i 1 ,i) u) v ).; 
if <dif<=O) then t.est.<xm,y[il,u,v) 

t~nd 

end 
else t.es:t.Ch,k,u,v); 
u:=hlltC1-lambda)+u$lambda; 
v :=k*C1-lambd9)+v*lambda 

end {dif<=O} 
end 

end; 
h:=u; k:=v 

{i()i1,i2} 
{end o:f for} 

end; <End Update} 
Procedure Ini.t..ial_s:t.ep; 
<Proc t.o find Ch,k) equidistant. from at. least. 2 points} 
var d1,d11:re·al; 
begin 

x2:=xC1l; y1::::y[1J; 
:for · i:=2 t.o n do 

begin 
i.:f x2<xU] t..hen x2:=xfil; 
if yt>yfiJ then y1:=y[il 

end; 
Maxdist.<iOj 
i2:=0.;k:=y1 ;h..=x2 ;u:=xfi1] ;v:=y1; 

·update; 
if i3=m.axint. then 

begin 
h:=xfi 1] ;u:•-=x[i 1] ;v :=y[i 11; 
update; 
k:=v 

end 
else h:=u; 
i2:=i3 

end; <End Init.ial_st.ep} 
Procedure Stretch; 
{Proc t.o find . t.he line segment giving the optimal soln set.} 

var l,m:int.eger; 
:f1,f2,f3?f4:real; 

Procedure One{b .• c:real;p1,p2 ,q1~q2,s:iht.eger); 
begin 

point.Cb ,c,p1,p2,q1,q2); 
if s=2 t.hF.~n diff{dif,i1,i3,c,b) 

.. el:;:e dif:f'{dif,i1,i3,b,c); 
if dif'>O t.hen 

begin 
if' s=2 i,hen bag in u:=c; v :==b end 
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·:·lse begin u:=b; v:=c end; 
updat,e 

end 
else u:=maxi.nt. 

end.; 
begin 

Min_maxCx1, l:2txfi1J ,xU2D; 
Min __ max<y1, ~12, yU1J, yU2D; 
Quadrant.(l1 ,m1,x[i1J ,h,y[i1J,k); 
Quadrant. 02 .• m2 ,x[ i2J ,h. y[i2J ,k); 
l:=l1+12;m:=m:l.+m2;u:=maxint.; 
dif'f(:f1,i 1,i2 ,"1 ,yD; dif:f (f2,i1,i2.x2, y1); 
diff(f3 ,i 1,i2 ,x2, y2); di:ff(:f 4 ,i1,i2 ,x1, y2); 
if Cl=O) and (m=O) t.hen {(b,k) inside t.he rect-angle} 

begin 
if (:f1*f2<'0) t..hen pne(u,yt,m1,m2,11,12,D; 
:i.f (:f2*:f3{0) and Cu=maxint.) t.hen 

. one(v ,x2,11,12,m1 ,m2.2); 
if' C:f3*f'4<0) and (u=maxint.) t.hen 

one(u,y2 .• m1,m2,11,12,.3); 
if u=max:i.nt. t.hen 

be~in 

u:=x1: point.Cv ,u.l1 .• 12,m1,m2) 
end 

end 
else 

begin 
i:f <m=-1) t.hen 

begin 

{(b,k) on boundary of I'E-~ct.angle} 

if Cf2lf: f:3<0) t.hen u:=x2 
else 

i:f (f3*f4(0) t.hen v:=y2 else u:=x1 
end 

else 
if Cl=l) t.hen 

begin 
if (f'1•f2(Q) t.hen v:=y1 
else 
if <nl*:f4(0) t.hen v:=y2 else u:=xl 

end 
else 
if (m=L• t.hen 

begin 
if Cf'H:f2(0) t.hen v:=y1 
else 
if (:f';~$f'3(0) t.hen u:=x2 e.Lse u:=x1 

end 
else 

begin 
if (fflf:f'2(0) t.hen v:=y1 
else 
if · (f:~:erf3(Q) t.hen u:=x2 else v:=y2 

end; 
.if u=.rn.:..'lxi nL t.h.~·n point..Cu.v ,ml ,1112.11 ,12) 

else point.(v ,.u,ll.l2,rn1,m2); 



updat.e 
end 

end; 
begin 
clrscr; 
rlag:=t..rue; 
assignCin:Iile,'lile.dat..'); 
reset. (inlile) :. 
assign(out.f"He, 'out..put.'); 
append(out.lile); 
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{End St..ret..ch} 
{main act..ion st..at..ement..s} 

writ..elnC'supply t..he number ol dat..a point..s'); 
readlnCn); 
for i:=1 t..o n. do 

readlnCintil<H ,x[i] 'y[i] 'w[i]) ,; 
get. t..ime Chh .• mm ,ss .• hs); 
writ.e(out..lilH,hh,':' ,mm,':' ,ss,' .' ,hs:2); 
init..ial_st..ep; 
rect.angle(h,k,x[i1l, y[i1J,x[i2J, y[i2J,allag); 
it allag=lalse t..hen llag:=lalse else Boundary; 
ic:=O.; 
while !lag do 
begin 

updat..e; 
il <i3=max:i.nt..) t..hen f"'lag:=lalse 
else 

begin 
rect..angl·~Ch,k,x[i1],y[i 1l,x[i3J ,y[i3J ,a! lag); 
if aflag:::false t..hen 

begin 
!lag :=false; 
int..erchange(i2 ,i3) 

end 
else 

begin 
rect..angle(h,k,xfi2], y[i2];x[i3] ,y[i3l,a1lag) ,; 
it allag=lalse t..hen 

begir:, 
f'lag:=f"'alse,; 
int..e·:Pchange(i1,i3) 

end 
else select. 

end 
end; 

Boundary; 
ic:=ic+1 

<end i3<>maxint..} 

end,; {end while} 
writ.elnCt.ot.al no. o:f it..e1'at.ions=' ,ic); 
writ.e('The st.ret.ch ·ext..ends !rom (' ,h:5:2 .• ' ,' ,k:6:2); 
St.ret.ch; · 
writ.eln(') t.o (' ,u:5:2 .• ' ,• ,v:5:2 .• ')'); 
get.t.ime <hh,rn;rn,ss: ,hs:) .> 

writ.eCout.:file•,' ',hh .• ':' ,mm .• ':·',ss,'.' ,hs:2); 
writ.eln(out..f"'i.le,' ',ic); 
close(out..fiJ.e): 

_ClO)",:A,{j I:Jf'i.!8): 

end. 
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4.1.3 Pascal program of t.he equiweight.ed const.rained minimax 
locat.i01'i problem 

program Const.rained.~ 
uses crt. ,dos ;. 
canst. inf = 1 .. JE+35;_ 
t.ype list. =;;,rrayU .. iOOJ of real; 

list.1 =~~rray[1 .. 500J of real; 
row :=.:arrayU . .4J of real; 
col =.:arrayU .. 2] of real; 
index =~;:et. of 1 .. 100; 

var infil,ouCf:H:t.eXt.; ·· 
a,b,c,s,~&1 ,b1,c1,x1 .• y1:list..; 
x,y:list.:l; 
ax_,ay ,cc ,dd,mi:row; 
z:col; 
s1,s2:index; 
m,n,i ,i1 ~i2,i3:.j,jj,l1 ,l2,p ,choice ,count.:int.eger; 
u1,u2,v:ll,v2,h1;k1,h2,k2,h,k,x0,y0,c11,m11:real; 
m12,alpha:real; 
flag ,do:ne:boolean; 

procedure irit.erchange{var· d1;e1,f1,d2,e2·,f2:reaD; 
{ Swaps t.wo set.s of variables} 
var t.1,t.2,t.3:real; 
begin 

t.1:=d1;d1:=d2;d2:=t.1; 
t.2:=e1 ;e1:=t~2 ;e2:=t.2; 
t.3:=f1;f1:=f2;f2:=t.3 

end~· { End int.erchange } 
procedure DJ.amond(var _xt,x2,y1,y2:reaD; 
<Finds t.he s:t.ret.ch KQ in t.he unconst.rained case} 
var u,v:real_; 

funct..ion FindMax(t.1,t..2:list.1 ;p ,q:int.e~er):real; 
{Const.ruct.s t.he smallest. rect.angle cont.ainin~ all demand 

point.s: having sides parallel t.o x+y=O, -x+y=O} 
var z,max::real; 
begin 
for i:=1 t..:J n do 

begin 
z:= p•t.1EiJ + q•t..2UJ; 

if ci::D or (z)max) t.hen max:=z; 
end; 

FindMax .- max 
end; 

begin 
cc[2J:= FindMaxCx,y,1,1); 
cc[11:= - FiradMaxCx_,y,-1,-1); 
cc[41:= F'inCUvfax<x.,y,-1,1); 
cc[3J:= - FindM.aX<x;y,1,.;..1); 
<Finding co•.:>rdinat.es: of K<x1,yD and Q<x2,y2)} 
u:=<cc[21-ccUD; v:=(cc[4J-cc[3]); 

· x1:= <ccUJ-.:::d3D/2; x2:= (cc[2J-cc[4D/2; 
if u >= v ,t#hen 

beg-in 
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y1 .- (cc[~]+cd3D/2; y2 .- (cc[1]+cd4D/2 
end 

else 
begin 

y1 .- (cc:C.J+cc[4D/2; y2 .- (cc[2l+cc:[3])/2 
end 

end; { End Diamond } 
Procedure Fi:ndSe·gment..(var :f1,g1,:f2 .• g2:real; 

var :found:boolean); 
<Finds t..he opt-imal solut..ion set. in case KQ has a non-void 

int-ersect-ion wi t.h t..he const.rained region R} 

var d,e ,ub ,lb, vmax, vmin:real; 
begin 

:found := t..rc,e; 
ub:=1; lb:=O; i :=1; 
while O<=m) and :found do 

begin 
d:=aHiJ•Cu1-u2). + .h1UJ•(v1-v2); 
e:=cHiJ - aHil•u2 - b1[il*v2; 
if d)O t..h•~n 

begin 
vmax:= e/d; 
if ub > vmax t-hen ub .- vmax 

end 
else 

it- d<O t..hen 
begin 

vmin:= e/d; 
i:f' lb < vmin t..hen lb .- vmin 

end 
else 

i:f' e<O t.llen found .- :false; 
i := i + 1 

end; 
if Cub < lb:O t.hen :found .- :false 
else 

begin 
.:f1 .­
g1 .­
:f2 .­
g2 .-

end 

ub*lJ1 
ubJ1!•,1 
lb•ul 
lb•vt 

+ (1-ub)*u2; 
+ C1-ub)•v2; 
+ <1-lb)•u2; 
+ C1-lb)•v2 

end; { End FindSegment, } 
procedure FindDominat.e(var u,v:real; · var j1,j2:int..eg-er); 
{Finds domin.at.ing-. side(s) .at. .a point.} 
va.r d:row; ma.x:real; 
begin 

j1 := 0; j2 := 0; 
dC1l :=abs Cu+v-cc[ 1l); 
d[3J:=absC- u+v-cc[3]); 
max := 0; 
for i:= 1 t..o. 4 do 

begin 
i:f d[iJ>m.a>-: t.hen 

cl[2l :=abs ( u+v-cc[2]); 
d(4]:=abs(-u+v-cc[4D; 
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begin 
max := dl.i:l; 
j1 i 

end 
else 

i:f d[i]=max t-hen j2 .- i 
end 

end~ { End FindDominat.e } 
procedure Gau.ss(var a1,b1,c1,a2,b2~c2,u,v:real)_; 
{Finds t.he point. o:f int.ersect.ion of" t.wo linear equat.ions} 
var k1:real: 
begin 

i:f a1 <>O t.hen 
begin 

k1:=a2/a1; 
i:f Cb2-k1*b1 <>O> t-hen 

begin 
v:=Cc2-l:1•c1>/Cb2-k1•bD; 
u:=Cc1-v-*b1)/a1 

end 
else writ.eJnC't.he solut-ion does not. exist.') 

end 
else 

begin 
v:=c1/b1.; 
i:f a2()0 t.!r,en u:=Cc2-v*b2)/a2 else writ.elnC'parallel') 

end 
end; { End Gauss } 
procedure cot.ant.erclock; 
<Ar-ranges t.he const.raint.s t.o torm t.he convex polyhedron} 
v.ar jl,j2:int.et;;er; 

procedure p;:tl't.i Li~n; 
<Part.it.ions tJhe const-raint-s in set.s s1_,s:2 

according aas: b[i] < or > 0} 

begin 
s1 := []; s2 := []; 

p := 0; 
for i:= 1 t-o ·m do 

begin 
i:f Cb[i] < Q) or ((b[i] = 0) and (a[i] < 0)) Lhen 

begin 
p := p + 1; 
s1 .- st + [iJ 

end 
else s2 .·- s2 + [i] 

end 
end; 
procedure snrt.<i1:int.eger); 
<Sort.s t.he r:ons:t..I'aint.s in ascending order o:f slopes} 
var t.:real; 
begin 

:for i := 1 t.o it-1 do 
:for j := i-:-1 Lo i1 do 

it' s[iJ > s[ jl t.hen 
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begin 
int.ercbange (a1[i] ,p,:i.UJ .• cHi] .aHj] ,b H j] ,cHjJ); 
t, := s[iJ_; s[iJ := s[jJ; s[j] := t. 

end 
end; 

begin 
part.i t.ion; 
j1 := 1; j2 :=~ p + 1; 
for i := 1 t,.-, m .do 

i:f i in s1 "i:.hen 
begin 

aHj1J .- .a[iJ; 
b1[j1J .- ·b[i]; 

cHj1] .- diJ; 
j1 .- j1 ·1- 1 

end 
else 

begin 
aHj2] .·- afil; 
bHj2J .- b[iJ; 
cHj2J .- diJ; 
j2 := j2 + 1 

end; 
.Ior i := 1 t.o m do 

i:f {bl[i]()0) t.hen s[iJ .- . <-aHiJ/bHiD 
else 

i:f (a1[iJ < Q) t.hen s[i] .- -in! else s[iJ .- in:f; 
sort.{p); 
p := m-p; 
sort.(p); 

end; ~ End Count.erclock } 
procedurt,~ VHr1Jices<r,s. t.:list.); 
<Obt.ains t.he: vert.ices of t.he polyhedron} 
begin 

:for i := 1 t.o m do 
i:f <i<>m) t:hen. Gauss(r[i]~s[i],UiJ,r[i+1J,s[i+1J,Ui+1J, 

x1[i +1), yHi +1]) 
. else Gauss{r[mJ,s[mJ,t.[mJ,r[1J .• sf1],t,[1],xH1J,y1[1D 

end; { End Vert.ices } 
pr·ocedure Ini t:.ialChoice ( v ar f _,g :1•eaD; 
{Assigns st.art.inf; values t.o (h,k) } 
begin. 

f := <xH1J+xH2l+xH3D/3; 
g := <yH1J+yH2J+yH3D/3 

end; { End Ini t.ialChoice } 
procedure Convex(c,d:real; var u,lam:bda:real; 

var :found:boolean); 
<Finds i:f a real number u lies bet.ween 2 real numbers c,c[} 
begin 

:found :=:=. :f';:dse; 
if (c()d) t.hen .. lambda := . {u-d)/{c-d) else lambda := 2; 
u- <lambda>::O) and <lambda<=1) t.hen :found := t.rue 

end; { End Convex } 
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procedure Ne>:t.Movement.Cv:real; l,s:list.); 
<Finds t.he direct.ion of movement. at. a nonopt.imal point.} 
var lamda,zz:1•eal; aflag:boolean; 
begin 

i1 := 0; i2 := 0; i3 := 0; 
for i := 1 t.o m do 

begin 
convexCUiJ,Ui+1J.v ,lamda,aflag).; 
it Caflag=t.rue) t.hen 
if Ci1=0) t.hen 

begin 
i1 := i; :z[1J := lamda*s[iJ + {1 - lamda)*s[i +1] 

end 
else { i1 <> 0 } 

begin 
if Ci2=0) t.hen 

begin 
i2 i; z[2] .- lamda*s[i] + {1 - lamda)*s[i+1J 

end 
else { i1,12 <> 0 } 
if Ci3,=0) t.hen 

begin 
i3 .- i; zz := lamda*s[i] + {1 - lamda)*s[i +1] 

end 
end; 

if Ci2=i1 +D t.hen 
begin 

z[2J .- :t:z; i2 := i3 
end 

end 
end; { End Next.Movement. } 
procedure Dornin.S\t.ingPair; 
{Assigns cooPdinat.es o:I a vert.ex t.o (xO,yQ) when t.wo 

t.wo dominat:ing sides exist.} 
begin 
if <l1=1) and 02=3). t.hen choice 
if 01=1) and <12=4) t.hen choice 
if' (11=2) and (12=4) t.hen choice 
it· <11=2) an:: <12=3) t.hen choice 
case choice of 

-
-
-
-

1; 
2· 

' 3· 
' 4; 

1 begin :xO:=axC1J; yO:=ay[1J; count.:=1 end; 
2 begin yO:=ay(2]; xO:=ax[2l; 8ount.:=2 end; 
3 begin xO:=a:x[3J; yO:=ay[3]; count.:=l end; 
4 begin yO:=ay[4J; xO:=axC4J; count.:=2 end 
end 

end; { End Dominat.ingPair } 
procedure Sing leSide; 
{Assigns coox·dinat.es of a vert.ex t.o (xO,yO) when t.wo 

one dominat.:i.ng sides exist.s} 
begin 
if (11=1) or • (11=3) t.hen 

begin 
xO := ax[1-J; 
it (11=1) t,hen yO 

end 
ay[2J else yO ~= ay[ . .J.); 
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else { Cl1=2) or <11=4) } 

begin 
xO .- axf3.l; 
if 01=2) ·t.hen yO .- ay[4] else yO := ay[2]; 

end 
end; { End SingleSide } 
Procedure. Updat.e(vaJ.' f",g:reaD; 
<Select.s one cif" t.he t.wo point-s of int-ersect-ion of x=h or 

y=k wit-h t.he boundary} 
begin 
if absCf"-z[1D < abs(f-z[2]) t.hen 

begin 
g := z[1J; 
i := i1 

end 
else 

begin 
g := z[2J; 
i := i2 

end 
end; { End Updat.e } 
procedur·e In:i. t.ialSt.ep; 
{Reaches an act.i ve boundary from an int.erior point. . 

m.:aint.aining prim?ll feasibili t.y} 
v.ar alpha:real; aflag:boolean; 
begin 
aflag := t.ru·a ,; 
vert.ices<at ,h1,c1); 
x1[m+1J := x1f1J; 
y1[m+1J := y1[1J; 
Ini tialChoicHCh .• k); 
FindDominat.t:~<h ,k ,11 ,12) ,; 
if <12=0) t.ht:~n 

begin 
SingleSidE·; 
Next.Movement.Ck, y1 ,x1); 
Convex(z[1J .• z[2J,xO,alpha,aflag); 
if" (aflag=frJrue) t.hen <y=k meet.s x=xO inside R} 

begin 
h := xO; 
FindDominate.Ch,k,l1,12); 

end 
else Updat-eCxO,h) <y=k meets t.he boundary} 

end; 
if <12()0) t.hen 

begin 
Dominat.in1;P air; 
if Ccouni:-:::1) t.hen 

begin 
Next.Mov.~ment.Ch,x1.,y1); 

Update<yO,k); 
end 

else 

{(choice=1) or (choice=3)} 

{(choice=2) or Cchoice==4)} 



begin 
Next.Movement.Ck .• y1,x1)_; 
Updat.e CxO ,h); 

end 
end 

end; 
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{ End Ini t.ialSt.ep } 
procedure Repl.ace<t.,u:list.; l:reaD; 
{Updat..es boundary if SC is not- sat-is:fied at- ext.reme point-} 
begin 

m11 :== s[iJ; 
if abs<Ui+1l-r) < abs<Uil-1) t.hen 

begin 
i :== i + ~t; 

h := UiJ ;. k u[i] 
end 

else 
begin 

i := i - :::.; 
h := "t-[i] . k := u[iJ 

end; 
m12 :== s[iJ . 
if (m1[11J=1) t.hen · 

begin 
if Cm1U1.J•m11(0) t.hen 

begin i:f" Cm11•m12{0) and Cm12{1) t.hen done :== t.rue. end 
else 
if CC<ml1>1) and. (11}12{1)) or CCm11<D and Cm12)1))) 

t.hen done .- t.rue 
end 

else { mHl1J=-1} 
beg-in 
if CmH11i*m11<0) t.hen 

beg-in if (m11•m12{0) and Cm12)-1) t.hen done:=t.r·ue end 
else 
if (((mL1<-1) and (m12)-1)) or 
CCm11)-1) and <Cm12<-1) or Cm12)0)))) t.hen done:=t.rue 

end 
end; { End Replace } 
procedure One(var f,g:real; u:real; t.,w:list.); 
{Course t.o be t.aken when sHJ•mH11J>O } 
var lamda:r·:~al; arlag-:boolean; 
begin 

ConvexCt.[i}_,t,[i +1] ,u,lamda,aflag) _; 
if (aflag-=Lrue) t.hen 

begin 
f := u; ~; := lamda•w[iJ + C1-lamda.)*wU+1J; done .­

end 
else repla-::eCxt,yt,u) 

end; 
procedure Two; 
{Course of :act.ion when Ch~k) 
var aflag:biJolean; 
begin 

i.f (count.==/) l.h~-n 

{ End One } 

is on x=xO Ol' y=yO } 

t.r•ue 
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begin 
if Cabs(s[iD<D "then done 

·else 
- "true { M is opt-imal } 

· { abs(s[iD>=1 } 

begin 
if (s[iJ{O) t.hen yO := ay[2J else yO .- ay[4J; 
Convex{ y1[i], y:Hi +1], yO ,alpha ,a:flag); 
if (af'l;:tg=t.r·ue) "then 

begin 
done := "true,; . 
k ·:= ~~0; h := alpha*xHiJ + (1-alpha)*xHi+1J 

end .. 

else RHplace(y1,x1,y0) 
end 

end 
else { Ccount.::i2) } 

begin 
if Cabs CsliD>D t.h~n done 
eL-se 
begin 

.- "true { N is opt.imal } 
{ abs(s[iD<=1. } 

if (s[i]({)) t.hen xO := ax[1J else xO .­
Convex(,d[iJ ,xi[i .f-1] ,xO ,alpha,a:f1ag); 
if (afla!!;=t.rue) t.hen 
·begin 

done ::= t.rue ,; 

ax[3J; 

h := x0; k := alpha*y1UJ + <1-alph.~)*y1[i+1) 

end 
else Replace(x1,y1,x0) 

end 
end 

end; { End Two } 
procedure Four; 
{Course .t.o be adopt.ed when s[iJ*mH11J<O} 
var aflag:boolean; 
begin 
if <bHiJOO) t.hen 

begin 
c11 := <c:HiJ-a1[i]*x0)/b1[iJ; 
Convex(k,~'O,c:11,alpha .• aflag); . 
if (aflag:: .. t.rue) "then 

begin 
Convex(l(t[iJ,xHi+1J .• xO,alpha,aflag); 
if (af'l;~.g=t.rue) ."then 

begin 
FindDoominat.e<h,k,l1,12); · 
Dominat,ingPair; 
h := leO; 
Next.Movement.Ch,x1,y1); 
Updat.e{yO:,k>·; · 
if <abs(s:UD<1.) t.hen done := "true { M is: opt-imal } 
else { abs(sUD>=1 } 

begin 
Convex<yHiJ, y1[i +1J,y0 ,alpha,aflag); 
if Caflag=t.rue) t..hen 

bt; ~;in 
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done := t-rue; 
k := yO; h := alpha•xi[iJ + C1-alpha)•xHi+1] 

er..d 
els•:· ReplaceCy1,x1,y0); 
a.Il..:.g ·:= t-rue 

·{ a.Ilag=.Ialse } · 

end 
end 

else ReplaceCx1,y1.,x0); 
a.Ilag .-· t-rue 

end 
end; 

i.I CbHiJ=O) ·.Jr Ca.Ilag=:false) t-hen 
begin 

ConvexCy1Ul,yHi+1],y0 ,alpha,a.Ilag); 
i:f Caflag=:t.rue) t.hen · 

begin 
if Cabs(s[i]))i) t.hen 

begin 

{ aflag=:false } 

done := t-rue; { tvl is opt-imal } 
k := yO; h := alpha•xHiJ + (1-alpha)•x1ri+1l 

end 
else 

begin 
jj := 11; 
FindD•::>minat.eCh,k,l1 ,12); 

i:f <11.:= jj) t.hen 11 := 12; · 
Sing l·r!Side; 
Convf~x<xHil,xHi +1J ,xO ,alpha,aflag); 
i:f <arlag=t..rue) t-hen 

begin 
done := t-rue; 
h :== xO; k := alpha•x1U] + C1-alpha)•xHi+1J 

end 
else· ReplaceCy1,x1,y0) 

end 
end 

else Replace(x1,y1.,x0) 
end 

end.; 
begin 
clrscr;. 
as:signCin:fil, ... input. :file'),; 

{ End Four } 
{ main act..ion slat..t:•ment..s } 

<The coordinat..es o:f t.he demand point-s and t..he coef:ficient.s 
of' t.he linear . const.raint..s "L9 be r·ead f'x~om t..he input. f'ile} 

reset-Cin:fiD ,; 
assign.Cout.:fH,'out..put.. iile'); 
rewri t.e Cout.f"iD; 
writ..elnesuppiy no. o:f const.raint.s m and no. of point..s n'); 
readln(m,n) ,; 
for i := 1 t.o n do readlnCin:fil,xUl,yUD; 
fox• i := 1 t.o m do readlnCinfil .• a[il,b[iJ,c£iD; 
DiamondCu1,u:;~,v1,v2); 

ax[1.J:=Ccd1J-cc[3]) /2; .ay[lJ:= Ccd 1J+cd3])/2; 
ax(2J:=Cccf tJ-cd-lD/2 ~ ay[2J:=Ccd 1J+cd--!D/2; 
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axt:3J:=(ccf2]-·ccf4D/2; ay[3]:=(ccf2]+ccf4D/2; 
ax£4J:=<ccf2J·-ccf3D/2; ay[4J:=<cd2J+ccf3D/2; 
!or i := 1 to 4 do 
if (i=·D or Ci=2) t.hen mHil 

Count.erclock_; 
Find.Segment. Ch1,k1 ,h2 ,k2 ,!lag); 
i:f :Ilag=t.ru€~ t.hen 

begin 

-1 else mHi] .- +1_; 

writ.e('Tht~ se~ment.. :from (',h1,', ',k1,')','t.o <',h2); 
wri t.eln(', ',k2, ') const.i t.utes t.he required solut.ion') 

end 
else { :Ilag=:false } 

begin 
done := f;~.lse; 

Ini t.ialSt.ef,:>; 
while not.(!lag) do' 

begin 
if <1200) t.hen 

begin 
Two; 
if (done=t.rue) t.hen flag .- t.rue 

end 
else 

begin 
if (s[iJ*mH11J)0) t.hen 

begh-1. 

{ 12=0 } 

if (abs{s[i]){1) t.hen One(h,k,xO,x1,yD 
els·e One(k,h,yO,y1,x1 )_; 

if •:done=t.rue) t.hen flag := t.rue 
end 

else 
begin 

Four; 

{ (s[il•m1U1J(0) } 

if (done=t.rue) t.hen flag .- t.rue 
end 

end 
end 

end; 
writ.eln(out.:nl,'h= ·',h,'k= ',k); 
close(outJfiD; 
c.lose(inf"iD 

end. 

{ end while } 


