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Problem 1 The Lagrangian is

L(z,z p) = Z aplog(a/yp) + 07z — 2T Ae + p— 1T,
k

Minimizing over xj gives the conditions
o 1., _ B
1+log(ag/yp) —apz—pn=0, k=1,..., n,

with solution

Ty,
1 = ypek L

Plugging this in in L gives the Lagrange dual function
mn T
gz, 1) = bl 2+ jo— Z e Tl
k=1

and the dual problem

- o
maximize o'z 4 p— P ype® T L

This can be simplified a bit if we optimize over o by setting the derivative equal to zero:

n
T.
u=1-—log Z ypete”.
k=1

Substituting p in Lagrange dual problem yields

o ) T
maximize b’z —logd ) | ype*



Problem 2

a) —29? 1
A= . . C=1010 f= 0
. : 0 0 0 —1/2
—2 1

b) The Lagrangian is
L(z ) = 2T(ATA + 0Oz —2(ATb — )T = 4 ||b)13,

which is bounded below as a function of z only if
ATAvpuc =0, ATh—pf e R(ATA + p0).
The KKKT conditions are therefore as follows.

e Primal feasibility.
Tos . 2sz = 0.

o Dual feasibility.
ATArpc =0, ATh— uf e R(ATA 4 p0).

e Gradient of Lagrangian is zero.

(ATA 4+ pC)z = ATh—puf.

C) We derive the dual problem. If ji is feasible, then
g(1) = (AT — YT (AT A+ pOYN (AT — uf) + |03,
so the dual problem can be expressed as an SDP

maximize —t -+ HbH%
ATA4uC  ATh—pf

(ATb—uf)T = 0.

subject to

Solving this in CVX gives p* = 0.5896.

d) Using p* in the stationarity condition, we obtain

= (ATA 4 )y YATh — pf) = (1.33, 0.64, 2.18).
Hence o* = (1.33,0.64).



