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1. For the system

$1+25L’2—3$3+$4:7
QZL'I —7$3+l’4 :9,

x; > 0 for all j = 1,2,3,4 find all basic solutions, basic feasible solu-
tions, nondegenerate bfs and degenerate bfs. [7]

Hint: Find a solution for a1z + b1y = ¢1, asx + boy = co.

2. a) Let vi,vo, v € R" and S = {A\vi + Aovo + -+ + A\pvg 0 Ay >
0,\{ +Xg+ -+ A, =1}. Let f: R* — R be any linear map. Show
that mgxf = max f(v;). 2]

b) Let P be a polygonal region in R? given by

201 + 19 > 4
T — X9 > —4
—3r; +x9 > —15
—x1 > =7
1 > 0,29 > 0.
Let ¢j,co € R. Define g : R* — R by g(x1,22) = 111 + como.

Determine max g and m}in g interms of ¢q, co. 3]

3. Let RtT = {p = (p1,p2, - pn) with p; > 0 for each i}. Let A, =
{(x1, 29, x,) s 2; > 0 for each i and > x; = 1}. Define, for p € R},

Sp: D — B by Syl 23, ) = D)

a) Let p,q € R!*. Let r = (r1,r9,---,r,) with r; = p;¢;. Find a

relation between S, o Sq and S, and prove your claim. 3]

b) Show that S, is 1 — 1, onto for each p in R} . 1]
]

c) Show that S, maps any straight line in A, to a straight line.  [3



4. Let A: R, — R, be alinear and onto map. Show that sup inf > a;;z; =

xelNp v

inf sup }_ a;y;. 6]

yelm J i

Hint: If you need, conversion table from primal to dual form, it is given
below

TABLE

Primal Dual
rOwW ZZ a;x; =b; y; real

j
rowp Z apjxj > by, yp >0

J
variable j x; real 2 Yiti; = ¢
var ¢ x4 > 0 D Yitliq < Cq
min ) ¢;x; mZaX > yibs

5. Define f,g: R* — R,L: R* x R — R by
flz,y),= 223 — 32°
9(z,y) = B —2)° —y*
L(z,y, A) = f(z,y) + Ag(z,y).
Let D = {(x,y) : g(xy) = 0}
a) Show that mgxf is attained at (3,0). 3]

b) If (z,y, ) is a critical point for L ie 0,L,0,L,0\L = 0 at (z,y,\)

then show that (z,y,A) € {(0,£v/27,0), (1, £/8,0)}. 2]

c) Find the rank of ¢’ at (3,0). 1]
6. Let A: R}, — R be linear onto.

Let A= [aM) a® ... almo) a(motl) ... 3] be the Column repre-

sentation of A. Let B = [a(V) ... a(m)] N = [a(moFD) ...a(M] Let

c € RY.c=(c1,02, - ,¢,)' Define cg,cn by ¢g = (¢1,¢a,- , Cmy )Y,

cn = (Cmgt1,* , )", Define the reduced cost vector r depending on

c,Basrg=0,ry =cy — (B"'N)lcp. Let v be any B basic feasible
solution and y any basic feasible solutions for Ax = b.

a) Show that —c'v + c'y = riyyn. 3]

b) Assume further B = m, x m, identity matrix. Let v be B basic non
degenerate solution such that ¢’ - v =inf{c' -y :y > 0, Ay = b}.

Show that r > 0. 6]



7. Let D be a convex set in R" and f : D — R a concave and C! function.
Show that x* is a global maxima for f if and may if f'(x*)y < 0 for all
y pointing into D at x* 5]
8. Let A,b, B be as in @Q,6(a). For mg+1 < j <n, 1 <1 < mg let
. Lomo
B(j,1) = {a®Yu B/{a®}. For j as above, let al) = ”yi(])a(z). Let x
i=1
be any B basic feasible solution.
a) Find a necessary sufficient condition so that B(j,1) is a basis.  [2]
b) Assume that {i : ”yz-(j) > 0} is non empty. Let Héj) = min{-{5 : %(j) >
"/.

0} = ﬁ for some [ in {1,2,--- ,mq}. Define y) = (ygj),yéj), e ,ygj))t

by yi(j) =x; — Géj)%(j). Then y¥) is a B(j,1) basic feasible solution. [5]



