1. Whatis thedualof thefollowing linearprogrammingproblem:

maximize X1 — 2X»
subjectto X1 + 2% — X3 + X4 > O
41 + 3Xo + 44Xz — 2x4 < 3
X1 — X2 + 23 + x4 =1
X2, X3 = 0

2. Forx andy in R, compute

max min (x —y) and min max(x —y)
x>0 y=>0 y>0 x>0

andnotewhetheror notthey areequal.
3. Considerthefollowing linearprogrammingproblem:

maximize 2X; 4+ 8%, — X3 — 2Xa
subjectto 2X1 + 3 + 6x4 < 6
—2X1 + 4Xo + 3X3 < 15
3X1 + 2% — 2X3 — X4 < 4
X1, X2, X3, X4 > 0.

Supposehat,in solvingthis problem,you have arrived at the follow-
ing dictionary:

¢ = 35 — 025w; + 6.25 — 05wz — 15x4
X1 = 30 — 0.5w; — 1.5x%, — 3.0x4
w2 = 00 4+ 1.25w1; — 325 — 15wz + 135x4
x3 = 25 — 075w; — 125 + 05wz — 6.5x4.

(a) Write down thedual problem.

(b) In thedictionaryshovn above, which variablesarebasic?Which
arenonbasic?

(c) Write down the primal solutioncorrespondingdo the givendictio-
nary Is it feasible?s it degenerate?

(d) Write down the correspondinglualdictionary

(e) Write down thedualsolution.lIs it feasible?

() Do theprimal/dualsolutionsyou wrote above satisfythe comple-
mentaryslacknesproperty?

(9) Isthecurrentprimal solutionoptimal?

(h) For thenext (primal) pivot, which variablewill enterif thelargest
coeficientrule is used?Which will leave? Will the pivot be de-
generate?
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4. Considerthe following variantof theresourceallocationproblem:

(1)

maximize c'x
subjectto Ax <b
0<x<u.

Here,c denoteshevectorof unit pricesfor theproductsp denoteshe
vector containingthe numberof units on handof eachraw material,
andu denotesavectorof upperboundsonthenumberof unitsof each
productthatcanbesoldatthesetprice. Now, let'sassuméhattheraw
materialshave not beenpurchaseget andit is partof the problemto
determineb. Let p denotethe vectorof pricesfor eachraw material.
The problemthenbecomesnoptimizationover both x andb:
maximize ¢'x — p'b
subjectto Ax—b<0
O<x<u
b>0.

(a) Shaw thatthis problemalwayshasanoptimalsolution.

(b) Let y*(b) denoteoptimal dual variablesfor the original resource
allocationproblem (1) (note that we've explicitly indicatedthat
thesedual variablesdependon the vectorb). Shawv thatthe opti-
mal valueof b, call it b*, satisfies

y*(b*) = p.



