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Questions on the homework (mandatory for
PhD students)

In
e hy =180+ (; com (1 ~N(0,16).
e h =163+ com () ~N(0,9).

the first parameter in the normal distribution A/ corresponds to the
mean. And the 2nd one, is it the standard deviation (o) or the

variance (0%)?



The recourse function (fixed &)

Under reasonable assumptions

( (

min 'y max 7' (h—Tx)
Qx,&)=4¢ st. Wy=h—-Tx =< st meTl(q)
y=>0 Mg) ={m:W'n<q}
\ \

We wrote Q(x, &) =v(h— Tx) for suitable v and saw that

0v(zp) = argmax {WTZO TE ﬂ}
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The subdifferential of Q (-, &)

Since Q(xp, &) =v(h—Txp), a chain rule gives

0Q(x¢,&) = —T " argmax {nt' (h—Txg) : T € IT}

The subdifferential of E[Q(-, )]

e ¢ has a finite support: K scenarios
easier case

e ¢ 1s a general distribution

less easy case: depends on recourse structure
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The subdifferential of E[Q (-, £)]: & with finite support

K scenarios

K

OE[Q(xg,&)] =— ) pkT* argmax {WT(hk —T*xg) : 7t € ﬂ(qk)}
k=1

The subdifferential of E[Q(-,&)]: general ¢

First concern: when 1s the expected recourse function
well-defined?

Answer: Q(x,-) needs to be and either the
expected surplus E[Q(x, &), ] or the expected shortage
E[Q(x,&)_] must be finite (Props. 2.6, 2.7)
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A super fast introduction to measurability

What 1s the size of
e Intervals I;; ) ={x € R":a; <x; <by,i=1,...,n}?
measure (I py) = HI‘ ;(bi—ay)
measure 1(UjI i pi Z m(Ijqi pip) if DrnDP2=0

e Closed bounded set A € IR™?
) DA withD1ND2 =0
A packing D of A'is D = UjI;5 ;) C A with DinDP2 =0
A is measurable if inf i (C) = supu(D)

e Closed unbounded set A € IR™?

A 1s measurable if AN, ) 1s measurable, for all intervals

A covering C of A is C=UjI},j i

e Any setin IR™?
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Measurability in an abstract space ()

JF 1s a class of measurable sets F in () with probability measure P
e [ € F implies O\F € F (QeF)
o Iy € Ffori=1,... with F;NTF; =0 implies P(U;A;) =) ; P(A

The sets F are the events, and the triplet (Q, F, P) defines a
probability space

A random vector & : QO — IR™ is such that forall A € A

A ={w:&(w)eAle F

Pe(A)=P{w:&(w) € A)j)
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Finite first moment

Q(x,-) needs to be measurable

either the expected surplus E[Q(x, &) ] or the expected shortage

E[Q(x,&)_] must be finite: [EJISILERN BT KIEI1qIldliys

e Fixed recourse
e Simple fixed recourse always complete
e Complete fixed recourse =Ty =10}

e Relatively Complete fixed recourse

Let’s study ¢ (x) :=E(Q(x, &) when recourse is simple and fixed



lllustration

Consider the SLP in IR

y

min CXx
st. X=w a.e.

x >0
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lllustration

Consider the SLP in IR and 1ts recourse problem
( (
min cx min qTyT+qy"
{ st x=wa.e. Qxyw)=14¢ st. y"+y =w-—x
\ x > 0 \ yt,y >0
The 2SLP is

min  ¢cx+E[Q(x, w)]
st. x>0

~TI(q) #0 < " +q (sufficiently expensive recourse)

—~whenqt=q =1, Q(x,w) = |w —x|

—  with finite support, E[Q(x, w)] is convex and polyhedral, with kinks
w € Q)



— () continuous



