
EXERCISE 7: THE GEOMETRY OF LINEAR PROGRAMMINGNICLAS ANDR�EASSONExer
ise 1 (LP modelling). Let A 2 Rm�n and b 2 Rm . Formulate the followingproblem as a linear programming problem:minimize kAx� bk1 := mXi=1 j(Ax� b)ijsubje
t to kxk1 := maxi=1;:::;n jxij � 1:Exer
ise 2 (LP modelling). Consider the sets V = fv1; : : : ;vkg � Rn and W =fw1; : : : ;wlg � Rn . Formulate the following problem as a linear programmingproblem: Constru
t, if possible, a sphere that separates the sets V and W , that is,�nd a 
enter x
 2 Rn and a radius R � 0 su
h thatkv � x
k2 � R; for all v 2 V ;kw � x
k2 � R; for all w 2W:Exer
ise 3 (linear-fra
tional programming). Consider the linear-fra
tional programminimize f(x) = (
Tx+ �)=(dTx+ �) (1)subje
t to Ax � b;where 
;d 2 Rn , A 2 Rm�n , and b 2 Rm . Further, assume that the polyhedronP = fx 2 Rn j Ax � bg is bounded and that dTx + � > 0 for all x 2 P . Showthat (1) 
an be solved by solving the linear programminimize g(y; z) = 
Ty + �z (2)subje
t to Ay � zb � 0m;dTy + �z = 1;z � 0:Exer
ise 4 (standard form). Transform the linear programminimize z = x1�5x2�7x3subje
t to 5x1�2x2+6x3 � 5; (1)3x1+4x2�9x3 = 3; (2)7x1+3x2+5x3 � 9; (3)x1 � �2;into standard form!Date: February 16, 2005. 1



2 EXERCISE 7: THE GEOMETRY OF LINEAR PROGRAMMINGExer
ise 5 (standard form). Consider the linear programminimize z = 5x1 +3x2 �7x3subje
t to 2x1 +4x2 +6x3 = 11;3x1 �5x2 +3x3+x4 = 11;x1; x2; x4 � 0:(a) Show how to transform this problem into standard form by eliminating theunrestri
ted variable x3.(b) Why 
annot this te
hnique be used to eliminate variables with non-negativityrestri
tions?Exer
ise 6 (basi
 feasible solutions). Suppose that a linear program in
ludes a freevariable xj . When transforming this problem into standard form, xj is repla
ed byxj = x+j � x�j ;x+j ; x�j � 0:Show that no basi
 feasible solution 
an in
lude both x+j and x�j as non-zero basi
variables.


