Appendix

function UnCenter(Network N, Distance Matrix d)
{ // Current best value on network N.
F, =0
// Solution set.
S5=¢
for all edges e=(v,,v,)e E do
{ // Compute UB1.
Xyp = X(0,,0,)
Fir = E (Xup)
if Fy > F;;, then continue to next edge
// Compute UB2.

Fg =00, E1 =00

for all nodes v, V do
{ if v, #0, and (E'(0)<F, or (F'(0)=F, and w, <w,)) then

{ E=E(0)
v, =7
}
if v, #90, and (E*(I,)<F, or (E*(l,)=F, and w, <w,)) then
{ E=E()
v, =0,

}
Xupz = X(Ux’ v)
Fpy = FgL (*up2)
// Try to tighten E, .
if F'(¥ys) < Fyp, then
{ xup =X(v,,v,)
Fipy = F (Xus,)
v, =10,

}
else if F"(x,;,)<F,;, then
{ xup = X(vg’vt)

Fug, = FtR (*up2)

v, =1,
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// F, must be at least as good as F,
if F,;, 2 F,;, then
{ (xUBZ’FUBZ) = (xUBllpllBl)
v, =0
8 S
v, =7,
}
if Fy >F;;, then continue to next edge
// Compute UB3.
FP =00, Ft] =00
for all nodes v, V do
{ if v, #0, and (E'(l,)<F, or (E'(l,)=F, and w, <w,)) then

{ E=E()
v, =1,
}
if v, #v, and (E"(0)<F, or (E*(0)=F, and w, <w,)) then
{ F=E0)
v, =10,
}

}
Xugs = X(v,,7,)
Fgs = FpL (*Xup3)
// Try to tighten E,.
if F'(¥yp) < Fjpy then
{ xyps = X(Us’vq)

Fugs = FsL (Xup3)

v, =0,

}
else if F"(x,;,) <F, then
{ xyps = X(Uplvt)

Fugs = FtR (*us)
v, =7,

// F, must be at least as good as F,,
if By, 2 By then

{ (cuss Fups) = (upr, Fu)
v, =0,

v, =0,

}

if Fy > F;, then continue to next edge
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// Set (x,,F,) to the best value found.

if F;, < Fj5, then
{ (%, E)=xup, )

v, =0,
v, =7,
}
else
{ ( ) (xUB’3 7+ UB3 )
v, =0,
v, =7,
}
// Create set L and R.

if v, #v,  then L:=Lu{v}
if v, #v, then R:=Ru{y,}
for all nodes v, € V do

{ d=d(v,0)-d(v,v,)

if d<I and F"(x,;,)<FE,, then L:=Lulv}
if —d<I, and F*(x,;,)<F;, then R:=RuU{v;}

}

// Continue till the new value F, cannot improve the current F,

// or until one of the node sets becomes empty.

while F, >F, and (L#© or R#J) do

{ // Pair all nodes in L against R, using a max{|L|,|R|} matching
for all the pair of nodes (v, € L,v; € R) in the matching do

if F(x)<F'(x) then // F' is over F'

{ x=X(v,v))

{ L=L-{v}
x = X(v,,v;)
v, =10,

}

else if F" ( ) E'(x) then

{ —{v}
x.=X(vi,vt)
v, =1,

}

// Update (x,,E)
if F"(x)<F then

{ x,=x
F=F'(x)
v, =0,

v, =,

}

Vi

is over E"
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// Project the value x, on the lower envelope.
// Find the lowest left line.
F =0
for all nodes v, L do
if F"(x,)<F, or (E"(x,)=F, and w, <w,) then

{ E=E(x)
v, =7,
}
// Find the lowest right line.
Fb =00

for all nodes v, € R do
if FX(x,)<F, or (E*(x,)=F, and w, <w,) then

{ F:= FiR (x,)
v, =1,
}
x, =X(v,,v,)
F =F(x,)

// Delete lines above the new value F,
for all nodes v, L do
if F"(x,)>F, then L:=L—{v,}
for all nodes v, € R do
if FX(x,)>F then R:=R-{v;}
}
if F, >F, then
{ if E >F, then
{ §=0
F, =F,

S=5u{(x,,e)}

return (F,S)



