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o Problem 1

Bnew =B+ (Q‘_t_)|)§T

o Problem9
B=LU=U-=L"'B
Brew = [0.0,,...01 4, 8,b;...0,]
In this case, it is best to move column a to the end.
This can be done via a permutation matrix on the right.
This corresponds to exchanging the variables associated the columns.

Brow =[0:0;,-:1014,B1....0,, 2]

L By =[UyUy, e Uy g, Uy, L A] = H

H = upper Hessenberg matrix
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H=L"B,,
(X X X X|
0 x x Xx|.
H= =2
0 X X X
0 0 x X

H can be made upper triangular by applying elementary
transformations of the form (for j =i,i+1,..,n-1):

new : T -

computational load = O((n—i)* + n*) = O(n?) since1<i<n.
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o Problem 10

B=QR=R=Q'B
Bay = [0,D5 00,0y 1, by, by 2]
Q"Byoy =[M1FpnFi4i T, Q 2] = H
H = upper Hessenberg matrix

i+1""

Apply Givens transformations J ' (j, j+1) for j=i,i+1,..,n—1so that
JT(n-1,n).. 7 ([,i+D)H=R=J"(n-1,n)... " (i,i+1)Q'B_, =R

= Q=0QJ(i,i+1)....J(n-1,n) "1 7
computational load = O(n? . C S _
P (n) J@,1+1) = =2
—s ¢
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a 0 Problem 2 Other : f,(x) = x = convex; f,(x) = —x = convex
L , f (x) f,(x) =—x* = concave
L a) fl(X) = X= CONvex fz (X) = X" = convex f (x) =e™* = convex; f,(x) =e* —1= convex
. f,(x) f,(x) = x> = not convex 9=1(9f0)=1-e"=No
| Vg = V2§, + £,V2f, + Vi Vi,
0 1] Need: f, >0; f, >0; VI, Vf, >0

1 0

b) (i) f (X, %,) = XX, = V*f(x,X,) :{ = indefinite = not  convex

. (1 1 :
(i) f (x, X,) =€ = V2 f (x,X,) =e*"™ ’ J —> convex but not strictly convex

(i) f (x) =tan x,,0 < x <1=> V*f (x) = 2tan xsec” x > 0 for 0 < x <1=> strictly convex

1+ 2en™*

1 :
; J > 0 = strictly convex

(|V)f (Xi’ X2) = e_Xl—Xz + X12 _ 2X1 — VZ f (Xl’ Xz) _ e—xl—x2 |:

(V)f =max(f,, f,) where f, =x>+x; f, =xZ—x,
f, is strictly convex;f, is convex.
If f, and f, are convex, max(f,, f,)is convex. why?
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o Problem 2
If f,and f, are convex, max(f,, f,) is convex. why ?
filax +(1-a)x,) <af(x)+@A-a)fi(X,)
folax +(1-a)x,) <af,(x)+A-a)f,(X,)
f(ax, +([1-a)x,)=max(f (ax, +1-a)X,), f,(ax +([1-a)X,))
<max(ea f (X)) +1-a) f.(X,), a f,(x) +(L-a) f,(x,))
<amax(f(x,), f,(x))+Q-a)max(f,(x,), f,(x,))

0 Problem 3 =af(x)+0-a)f(x,)

a) If f(x) is convex, f (Ax+b)is convex.

f(a(Ax; +0)+(A-a)(Ax, +0)) < of (Ax, +b) + (1-a) f (AX, +b)
Alternatively, let y = Ax+b = f(y) = f (Ax+D)

V,f(y)=AV, f(x) =V, f(y)= AV; f(X)A" = convex

b) (X)) = T (X0, Xg0eee X0 ) Ly, ., = fived

glax +(@1-a)x) = f(ax +@-a)X, X;,.... X;)

kL L

< of (x'l,xz,...,xn)+(1—a) f (X, Xy peee X, )

=ag(x )+ [1-a)g(x)
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o Problem4
f (x) = x"Qx is convexif Qis PD.

f(ax, +A-a)x,) =[ax, +1-a)x,] Qlax, + 1-a)x,]
= o’ %, QX, +2a(1- )X Qx, + (1- @) * X, QX,
of (x,) +(L—a) T (x,) = ax; Qx, + (1- 2)X;QX,
flax, +(1-a)X,)—af (x,) - (1-a) f(X,)
= a(a -1)(X; Qx, — 2X; QX, + X;QX,)
=a(a-1)(x,—%,) Q(x, —X,) <0if Q>0and x, # X,
o Problem5
fax,+A-a)x,) = f(ax + (- a)x,)
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<D, (1) + (- ) ,(,) = of (%) + - @) (x,)

oYL L

Copyright ©2016 by K. Pattipati

7 L LR LR
LR L LR



EF O DL L

¢
o Problem 6
H ={x:c' x=k}is convex.Supposec' x, =c¢' x, =k
¢’ (ax, +(L-a)x,) =ac' ¥, +(1-a)c' x, =k
H* ={x:c' x <k}is convex.Suppose c' x, =¢' x, <k
¢’ (ax, +(L-a)x,) =ac’ x, +(1-a)c' x, <k
o Problem 7

ML, y):(x,y)>0and xcos@+ysind<1vH [0, ~/2]}

A

/ = Not a polyhedron
1 (infinite number of
vertices)
1 X g
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: o Problem7
e\ 2 *Some authors (e.g., Luenberger) let
o (i) X" -8x+15<0= (x-3)(x-5) <0 polytopes be empty and define
: = X €[3,5] = polyhedron polyhedrons as strictly non-empity.

(iii) consider{x | x <0, x > 1} = empty set
= intersection of convexsets = polyhedron
o Problem 8

consider x, esand x, e s> f(x,)<cand f(x,)<c
Then f(ax,+(l-a)Xx,) <af (X)) +(1—a)f(x,)<ac+(l-a)c=cC
= aX,+(1l-a)X, s
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