Example 4.1

(table error p. 79: wq9; = 0)

4. Multifacility location W (x1,%0) = 86(x1 —a1) + .80(x1 — a5) + 0

4.1. Rectangular distances + 0+ .8€<X2 — ag) + .4€(X2 — 33) + 4€(X1 — XQ)
4.2. 0, distances W(x) = W(X1,%s, ..., %) =
Henrik Juel Zz Zj wlijﬁ(xi — aj) + Z Zi<r wgirﬁ(xi — XT)
OR, IMM, DTU m = 2 new facilities at x; and x5

Wixi,x2) = 22 22 wil(xi — a;) + vl(x) — o)
W (x1,X9) is a convex function of (x1,x2)
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4.1. Rectangular distances Example 4.2
The problem is separable along the coordinate axes (the example has been slightly changed)
One-dimensional problem: a; ‘ 1 23 5
W (xy,w2) :Zizjwij\xi—aj|+v|$1—l’2| w; |02 1 1.1
The natural solution attempt fails: wyi |3 1 0 2.1 v =2

1. Setk =0, guess z9 Ty=05—T1=0—>Ty3=09

_ _ . . W(5,5) =23 not optimal

2. Keeping x fixed at x5, solve for x1: x; = zj Ty = Ty — 1y = @y = 2

3. Keeping z; fixed at x’f, solve for zs: o = :c’Q““ To=2—>21=2— T9 =2

4. Augment k£ and loop until no change W(2,2) =13.6 optimal
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Linear programm. formulation

m = 1, one dimension:

min Zj wj(d;r + dj_)
s.t. :C—dj—l—d;:ajVj
+ i .
df,d; >0V
Exercises
1. Show that /(x; — x2) is convex
2. Write the dual of the LP problem
3. Solve the dual without Simplex
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4.2. ¢, distances

W(Xl7 X2) = ZZ Z] wmfp(xz — aj) -+ ’ng(xl — XQ)
Hyperbolic approximation:

Ly(y) = Ly(y1, y2) = [(yf + )P + (45 + )P/
For p = 2, e = 0, differentiating and ’solving’ yields

b _ 2 wyja;/lo(x} — aj) + vx5 /ly(x] — x5)
! > wi/ (X — aj) + v/ly(x] — x5)

b _ 2 waja;/la (x5 — aj) + vxf /ly(x} — x5)
’ D2 wai/la(x5 — ay) + v/l (x] — x3)

Table4.6:n=5,m=3,p=1.8,¢=.001
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Sufficient optimality conditions

If wy; > 2?22 wy; + v, then x} = a; etc.
Ifv>>  wi0rv> ) 5wy, then xj = x3
Exercises

1. Verify the last optimality condition

2. Solve the problem in example 4.1
Hint: Use sufficient optimality conditions
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