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I: 
Basics
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I. Quick review of linear 
programming (LP)

where
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The mapping view
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More generally…
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The “polyhedral” view
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<latexit sha1_base64="NskGW2TwSfCaZu7BXXmJmRFPULM=">AAACH3icbVDJSgNBFOxxjXGLevTSGBRPw4y4HV0uHiOYBTIx9PS80caexe43kjDkT7z4K148KCLe8jd2FkSNBQ1FVT1ev/JTKTQ6Tt+amp6ZnZsvLBQXl5ZXVktr6zWdZIpDlScyUQ2faZAihioKlNBIFbDIl1D3784Hfv0BlBZJfIXdFFoRu4lFKDhDI7VLh17EOu0O9e4zFtAdyq89TFLa8byih9DBXNto977tU5OUQP12qezYzhB0krhjUiZjVNqlTy9IeBZBjFwyrZuuk2IrZwoFl9ArepmGlPE7dgNNQ2MWgW7lw/t6dNsoAQ0TZV6MdKj+nMhZpHU38k0yYnir/3oD8T+vmWF43MpFnGYIMR8tCjNJMaGDsmggFHCUXUMYV8L8lfJbphhHU2nRlOD+PXmS1PZs99A+uNwvn5yN6yiQTbJFdolLjsgJuSAVUiWcPJJn8krerCfrxXq3PkbRKWs8s0F+wep/Af7zoRI=</latexit>

max
x

c>x

s.t. Ax  b
<latexit sha1_base64="MWvwT1WeBON8DW6i414RvodySko="></latexit>

Ax  b () a>i x  bi 8i = 1, . . . ,m



Things to like about FDLP

• If the problem is bounded, an optimal 
solution always exists. 

• When an optimal solution exists, at least 
one solution is an extreme point.

• There exists polynomial time algorithms 
to find optimal solutions.

• There is a nice duality theory.
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Making things infinite
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sequences:

functions:

measures:
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Making sacrifices

Properties of    :Properties of    :

• vector space structure

• “ball” topology

• inner product, projection

• separating hyperplane theory

> convexity

> extreme points

We can generalize to locally convex 
topological vector spaces (lctvs)
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Paired vector spaces

Vector spaces X and W are paired if there 
exists a pairing 

such that

(P0)

(P1) is bilinear

(P2)
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Some examples

(i)

(ii)

(iii)

11

(Hölder’s 
inequality)



Some examples

(iv)

(v)

(Reisz 
representation  

theory)

(Hölder’s 
inequality)
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Geometric interpretation
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From pairing to topology, I

By (P1), the pairing

generates linear functionals over X:

Definition (algebraic dual):

(P1)

where
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(P2) is 1:1

Ex. 
<latexit sha1_base64="DQwjI6N/Zx6YkhYCIYWJjeSb/Dk=">AAAB/HicbVDLSsNAFL2pr1pf1S7dDBbBVUnE10YpuHFZxT6gjWUynbRDJ5MwMxFCqL/ixoUibv0Qd/6NkzYLbT1w4XDOvcyZ40WcKW3b31ZhaXllda24XtrY3NreKe/utVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja8zv/1IpWKhuNdJRN0ADwXzGcHaSP1ypYMuUdtML8B65Hno7sGoVbtmT4EWiZOTKuRo9MtfvUFI4oAKTThWquvYkXZTLDUjnE5KvVjRCJMxHtKuoQIHVLnpNPwEHRplgPxQmhEaTdXfFykOlEoCz2xmEdW8l4n/ed1Y+xduykQUayrI7CE/5kiHKGsCDZikRPPEEEwkM1kRGWGJiTZ9lUwJzvyXF0nruOac1U5vT6r1q7yOIuzDARyBA+dQhxtoQBMIJPAMr/BmPVkv1rv1MVstWPlNBf7A+vwBEkuTIA==</latexit>

X = W = Rn



From pairing to topology, II

W
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“weak topology”:

Recall: cts iff
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Topological duals

Τheorem: Let X and W be paired vector spaces

Ex:

Definition (topological dual):

Let X be a vector space with topology τ
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“Paired” linear program

K cone in Z
C cone in X

(PLP)

Ex.

Let (X,W) having pairing    : 
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“conic LP”



“Paired” linear program:  
Mapping view

X Z

b

A
Ax

b+K

x

C

0

c

W

h·, ·i

X Z

b

A
Ax

b+K

x

C

0

c

W

h·, ·i

a1
a2

a3
a4 a5

18

K cone in Z
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Countably infinite LP
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Moment problem
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II: 
Existence 

and 
Extrema
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Our problem
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When does an optimal 
solution exist?

When an extreme point?
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Weierstrass Theorem

(P)

Τheorem: f is τ-cts(W1)
F is τ-compact(W2)

(P) has an 
optimal 
solution

Note: • inherent tradeoff between continuity 
and compactness
• weak topologies are often leveraged 
here
• working from compactness definition 
is often hopeless
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Compactness theorems

won’t  
cover 
this
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Banach-Alaoglu (B-A) Theorem

Let         and         be normed vector 
spaces with (X,W) paired and          .
Then                      is       -compact.

F is (norm) bounded(BA2)

In particular,
F is       -closed(BA1) F is 

-compact

Note: Reminiscent of Heine-Borel Theorem. 

Ex: but the reverse does not work.
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Arzelà-Ascoli (A-A) Theorem 
(for problems in C(Ω))

Let          with sup-norm topology and F a 
subset of X. Then:

F is  
equicontinuous

Each f in F has a common 
Lipschitz-constant M, i.e.

(AA1) F is     -bounded
(AA2) F is equicontinuous

F is  
    -compact

26
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Helly’s selection theorem 
(for problems in Lp(Ω))

Let           with its norm topology and F a 
subset of X. Then:

(H1) f in F are 
nondecreasing

(H2) f in F are 
uniformly bounded

F is  
    -compact

uniformly bounded:

Ex: Ω=[0,1], p=∞, F is all CDFs for RV’s on Ω

(H1) CDFs are 
nondecreasing

(H2)
CDFs take 
values between 
0 and 1 27

+ -closed| | ⋅ | |p



Extreme points & Holmes Theorem

Definition (extreme point): 

is an extreme point of F if

such that 

P

x

x’

x is an extreme point
x’ is not

Τheorem (Holmes):

(X,τ) is a lctvs. 
F is τ-compact

F has an 
extreme point.

*

*includes both weak and norm topologies 28



Bauer Minimum Theorem (BMT)

(P)

(BMT1) f is τ-continuous

(BMT2) f is concave

(BMT3) F is τ-compact
(BMT4) F is convex

(P) has an 
optimal 
extreme point 
solution

Theorem (Bauer Minimum Theorem):
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“Bang-bang” control

• BMT an optimal EP solution exists  

• Banach-Alaoglu 
B-A

• Fact: all extreme points have  
“bang bang”

30

<latexit sha1_base64="7xYVR/Pp3BsGRXOkMfDl848mh1o=">AAACIXicbZBNSwMxEIaz9bt+VT16CRahQim74kcviuDFgwcFawvdtcym2TY0m12SWaEU/4oX/4oXD4p4E/+Mae1BW18IvDwzQ2beMJXCoOt+OrmZ2bn5hcWl/PLK6tp6YWPz1iSZZrzGEpnoRgiGS6F4DQVK3kg1hziUvB72zof1+j3XRiTqBvspD2LoKBEJBmhRq1D1ETJ6Qn0jOjGU/Biwy0DSyztfqAj7TbfsBWX6i3sjtNcqFN2KOxKdNt7YFMlYV63Ch99OWBZzhUyCMU3PTTEYgEbBJH/I+5nhKbAedHjTWgUxN8FgdOED3bWkTaNE26eQjujviQHExvTj0HYONzWTtSH8r9bMMKoGA6HSDLliPx9FmaSY0GFctC00Zyj71gDTwu5KWRc0MLSh5m0I3uTJ0+Z2v+IdVQ6vD4pnp+M4Fsk22SEl4pFjckYuyBWpEUYeyTN5JW/Ok/PivDsfP605ZzyzRf7I+foGrBqhTw==</latexit>

⌧ = �(L1[0, 1],L1[0, 1])



III: 
Optimality 
of posted 
price

31



Set up (Section 2.2 of Börgers)

• single seller, single buyer, single 
indivisible good

• unknown buyer valuation θ in [θL,θH]

• θ ~ F cdf, with bounded, integrable pdf f 
where f(θ)>0 for all θ in [θL,θH]

• buyer has quasilinear utility: θ-t

• buyer’s outside alternative normalized to 0

• seller selects a (direct) mechanism:

• seller maximizes her expected payment

> allocation rule,

> payment rule,

32



Posted price mechanism

✓L ✓H
0

1

p ✓L ✓H
0

p

p

Claim: There exists an optimal posted price 
mechanism. 33



Problem formulation

Some work: • q increasing in [θL,θH]

•

(IC)
(IR)

34

t(θ) = θq(θ) − ∫
θ

θL

q(θ)dθ
<latexit sha1_base64="u839IeTT7X4y8VnWea1Nug3lkkw="></latexit>

max
q

Z
✓H

✓L

✓
✓ � 1� F (✓)

f(✓)

◆
f(✓)q(✓)d✓

s.t. q increasing on [✓L, ✓H ]

0  q(✓)  1 for a.a. ✓



How to apply our results?

?

?

Last insight: 
extreme points 
are “bang-bang” 
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Optimality of posted prices
Tricks 
and 
insights

✓L ✓H
0

1

p

Knowing 
your 
target

Powerful modelling 
paradigm

“Why”?

36

Knowledge 
of what is 
possible



IV:  
Duality 
theory

37



Refresher on FDLP duality

(P) (D)

> y≥0 to keep the inequalities in the right direction 

Idea: dual “linearly combines” constraints to find the 
“best” lower bound on (P)’s objective value implied by 
the constraints:

> Ax combines columns, ATy combines rows

> c≥ATy so that we guarantee lower bounds 

> y is in    since there are m constraints

> bTy is the implication of the aggregated constraint, we 
want to maximize 38



Constructing the dual of (PLP)
X Z
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> linearly act on the 
constraint space Z

(Y,Z) paired according 
to pairing 

Y

> how to keep the 
constraints going in 
the right direction?

Idea: dual “linearly 
combines” constraints to 
find the “best” lower bound 
on (P)’s objective value 
implied by the constraints

> how to guarantee valid 
lower bounds? 39



(Topological) dual cones

Definition (dual cone): 

(Y,Z) paired vector spaces. K is 
a cone in Z. The dual cone is:

<latexit sha1_base64="KAIUGSR3XCp08po/R9kYgbCga2w="></latexit>

K⇤ := {y 2 Y | hy, zi � 0 for all z 2 K}

To keep constraints

<latexit sha1_base64="CVXC13IHMt0/bzleGtvbd55R1TY=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAQQ5UgXmMFCxJLkegDtSVy3JvWquME20Gqou4s/AoLAwix8gNs/A1umwFajmT5+Jx7dX2PH3OmtON8W3PzC4tLy7mV/Ora+samvbVdU1EiKVRpxCPZ8IkCzgRUNdMcGrEEEvoc6n7/YuTXH0AqFokbPYihHZKuYAGjRBvJswsD3GICX90dmDsIsHmqhFK491KjDbHj3Xp20Sk5Y+BZ4makiDJUPPur1YloEoLQlBOlmq4T63ZKpGaUwzDfShTEhPZJF5qGChKCaqfjXYZ4zygdHETSHKHxWP3dkZJQqUHom8qQ6J6a9kbif14z0cFZO2UiTjQIOhkUJBzrCI+CwR0mgWo+MIRQycxfMe0RSag28eVNCO70yrOkdlhyT0rH10fF8nkWRw7togLaRy46RWV0iSqoiih6RM/oFb1ZT9aL9W59TErnrKxnB/2B9fkDMLqZRA==</latexit>

y 2 K⇤ () y ⌫K⇤ 0Y

in right direction we need:

<latexit sha1_base64="DD5mEvXEEZLKPfsudjfAquV8wfQ=">AAAB9XicbVDJSgNBEK1xjXGLevTSGARPYUbcjlEvgpcIZoFkDD2dmqRJz2J3jxqG/IcXD4p49V+8+Td2kjlo4oOCx3tVVNXzYsGVtu1va25+YXFpObeSX11b39gsbG3XVJRIhlUWiUg2PKpQ8BCrmmuBjVgiDTyBda9/OfLrDygVj8JbPYjRDWg35D5nVBvp7vyJtFTCGN63r4nXLhTtkj0GmSVORoqQodIufLU6EUsCDDUTVKmmY8faTanUnAkc5luJwpiyPu1i09CQBqjcdHz1kOwbpUP8SJoKNRmrvydSGig1CDzTGVDdU9PeSPzPaybaP3NTHsaJxpBNFvmJIDoiowhIh0tkWgwMoUxycythPSop0yaovAnBmX55ltQOS85J6fjmqFi+yOLIwS7swQE4cApluIIKVIGBhGd4hTfr0Xqx3q2PSeuclc3swB9Ynz+fk5H1</latexit>

Ax ⌫K b

40
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(Topological) adjoint
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41

Definition (adjoint): 
Let (X,W) and (Y,Z) be 
paired spaces with 
pairings      and     .

<latexit sha1_base64="jbkGYgoWbQcSvjrchRtOSf4foE8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSEnE17LoxmUF+4AmhMlk0g6dzISZiVBCd278FTcuFHHrL7jzb5ymWWjrgcs9nHMvM/eEKaNKO863tbC4tLyyWlmrrm9sbm3bO7ttJTKJSQsLJmQ3RIowyklLU81IN5UEJSEjnXB4M/E7D0QqKvi9HqXET1Cf05hipI0U2AceQ7zPCPRwJPTJtEFPFmLQDeyaU3cKwHnilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyrnqZIinCQ9QnPUM5Sojy8+KOMTwySgRjIU1xDQv190aOEqVGSWgmE6QHatabiP95vUzHV35OeZppwvH0oThjUAs4CQVGVBKs2cgQhCU1f4V4gCTC2kRXNSG4syfPk/Zp3b2on9+d1RrXZRwVsA8OwTFwwSVogFvQBC2AwSN4Bq/gzXqyXqx362M6umCVO3vgD6zPHxXPmNQ=</latexit>

h·, ·iX
<latexit sha1_base64="Yh2PYafxV6/6l9nFyEQjskZZDWg=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqM+FoW3bisYB/SGYZMJtOGZpIhyQhl6M6Nv+LGhSJu/QV3/o3ptAttPXC5h3PuJbknTBlV2nG+rdLC4tLySnm1sra+sbllb++0lMgkJk0smJCdECnCKCdNTTUjnVQSlISMtMPB9dhvPxCpqOB3epgSP0E9TmOKkTZSYO97DPEeI9DDkdDHkwY9WYjBfWBXnZpTAM4Td0qqYIpGYH95kcBZQrjGDCnVdZ1U+zmSmmJGRhUvUyRFeIB6pGsoRwlRfl7cMYKHRolgLKQprmGh/t7IUaLUMAnNZIJ0X816Y/E/r5vp+NLPKU8zTTiePBRnDGoBx6HAiEqCNRsagrCk5q8Q95FEWJvoKiYEd/bkedI6qbnntbPb02r9ahpHGeyBA3AEXHAB6uAGNEATYPAInsEreLOerBfr3fqYjJas6c4u+APr8wcXU5jV</latexit>

h·, ·iY

Then the adjoint
<latexit sha1_base64="JSX2L96aqkhBIY+1epyuJFiJN2s=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgLkoivnBVdeOygn1IG8tkOmmHTiZxZlIIod/hxoUibv0Yd/6N0zYLbT1w4XDOvdx7jxdxprRtf1u5hcWl5ZX8amFtfWNzq7i9U1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7gZ+40hlYqF4l4nEXUD3BPMZwRrI7lXj0foEj2gtg5Ro1Ms2WV7AjRPnIyUIEO1U/xqd0MSB1RowrFSLceOtJtiqRnhdFRox4pGmAxwj7YMFTigyk0nR4/QgVG6yA+lKaHRRP09keJAqSTwTGeAdV/NemPxP68Va//CTZmIYk0FmS7yY47Mi+MEUJdJSjRPDMFEMnMrIn0sMdEmp4IJwZl9eZ7Uj8vOWfn07qRUuc7iyMMe7MMhOHAOFbiFKtSAwBM8wyu8WUPrxXq3PqatOSub2YU/sD5/ADsIkHg=</latexit>

A⇤ : Y ! W

exists where
<latexit sha1_base64="+4CQI2u2W45mAEoNBa/17pHmIkE=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARRKTMFG8boerGZQV7kc5YMmnahmYyQ5KRDkPfw42v4saFIq4EF76N6bQFbT0Q+PN/55Cc3wsZlcqyvo3M3PzC4lJ2Obeyura+YW5uVWUQCUwqOGCBqHtIEkY5qSiqGKmHgiDfY6Tm9a6GvPZAhKQBv1VxSFwfdThtU4yUtppm0WGIdxiB/UN4cX8QOyK9NuvwHE5QrFEfTshd08xbBSstOCvssciDcZWb5qfTCnDkE64wQ1I2bCtUboKEopiRQc6JJAkR7qEOaWjJkU+km6S7DeCedlqwHQh9uIKp+3siQb6Use/pTh+prpxmQ/M/1ohU+8xNKA8jRTgePdSOGFQBHAYFW1QQrFisBcKC6r9C3EUCYaXjzOkQ7OmVZ0W1WLBPCsc3R/nS5TiOLNgBu2Af2OAUlMA1KIMKwOARPINX8GY8GS/Gu/Exas0Y45lt8KeMrx9Uq5/B</latexit>

hx,A⇤yiX = hy,AxiY

Let be
<latexit sha1_base64="yFHYxwlNxEvNFPTX+GNBldBbW5E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVXFVdeOygn3RDiWTZtrQJDMkGaEM/Qo3LhRx6+e4829M21lo64HA4Zx7yT0niDnTxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBmM7qZ+84kqzSL5aMYx9QUeSBYygo2V2jfXLdQ1EWr3iiW37M6AlomXkRJkqPWKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt4gk6s0kdhpOyTBs3U3xspFlqPRWAnBTZDvehNxf+8TmLCKz9lMk4MlWT+UZhwZCNO06M+U5QYPrYEE8XsrYgMscLE2I4KtgRvMfIyaZyVvYty5eG8VL3N6sjDERzDKXhwCVW4hxrUgYCAZ3iFN0c5L8678zEfzTnZziH8gfP5A3CAj4k=</latexit>

A : X ! Y
<latexit sha1_base64="7sQnQtaJ9M7Kvkiuu+xIC3OeqHk=">AAACAHicbZDLSgMxFIbPeK31NurChZtgEVqoZUa8LYtuXFawF21LyaSZNjSZGZKMUIZufBU3LhRx62O4821M21lo6w+Bj/+cw8n5vYgzpR3n21pYXFpeWc2sZdc3Nre27Z3dmgpjSWiVhDyUDQ8ryllAq5ppThuRpFh4nNa9wfW4Xn+kUrEwuNPDiLYF7gXMZwRrY3Xs/ZZiPYHzjWK9cJzyQ/G+0LFzTsmZCM2Dm0IOUlU69lerG5JY0EATjpVquk6k2wmWmhFOR9lWrGiEyQD3aNNggAVV7WRywAgdGaeL/FCaF2g0cX9PJFgoNRSe6RRY99VsbWz+V2vG2r9sJyyIYk0DMl3kxxzpEI3TQF0mKdF8aAATycxfEeljiYk2mWVNCO7syfNQOym556Wz29Nc+SqNIwMHcAh5cOECynADFagCgRE8wyu8WU/Wi/VufUxbF6x0Zg/+yPr8AWLIlP4=</latexit>

�(X,W )� �(Z, Y ) continuous.
y

A*

A*y

c-C*

<latexit sha1_base64="Ys01WzcO5Odu4wFir0DaSkQotfk=">AAAB9XicbVDLTsJAFJ3iC/GFunQzkZgYFqQ1vpYoG5eYyCOBQqbDLUyYTpuZqaZp+A83LjTGrf/izr9xgC4UPMlNTs65N/fe40WcKW3b31ZuZXVtfSO/Wdja3tndK+4fNFUYSwoNGvJQtj2igDMBDc00h3YkgQQeh5Y3rk391iNIxULxoJMI3IAMBfMZJdpIvZteOcFdDv1ar4xpv1iyK/YMeJk4GSmhDPV+8as7CGkcgNCUE6U6jh1pNyVSM8phUujGCiJCx2QIHUMFCUC56ezqCT4xygD7oTQlNJ6pvydSEiiVBJ7pDIgeqUVvKv7ndWLtX7spE1GsQdD5Ij/mWId4GgEeMAlU88QQQiUzt2I6IpJQbYIqmBCcxZeXSfOs4lxWLu7PS9XbLI48OkLH6BQ56ApV0R2qowaiSKJn9IrerCfrxXq3PuatOSubOUR/YH3+AJs1kUw=</latexit>

A⇤y ⇤
C c

<latexit sha1_base64="AjLzHYWa2pUqgTouV9glslY6/KI=">AAAB/HicbVDJSgNBEK2JW4zbaI5eGoMgAcOMuB2juXiMYBbIRk+nJ2nS0zN09whDiL/ixYMiXv0Qb/6NnWQOmvig4PFeFVX1vIgzpR3n28qsrK6tb2Q3c1vbO7t79v5BXYWxJLRGQh7KpocV5UzQmmaa02YkKQ48ThveqDL1G49UKhaKB51EtBPggWA+I1gbqWfn28z30U23mKA2E4icVrrFnl1wSs4MaJm4KSlAimrP/mr3QxIHVGjCsVIt14l0Z4ylZoTTSa4dKxphMsID2jJU4ICqznh2/AQdG6WP/FCaEhrN1N8TYxwolQSe6QywHqpFbyr+57Vi7V93xkxEsaaCzBf5MUc6RNMkUJ9JSjRPDMFEMnMrIkMsMdEmr5wJwV18eZnUz0ruZeni/rxQvk3jyMIhHMEJuHAFZbiDKtSAQALP8Apv1pP1Yr1bH/PWjJXO5OEPrM8fNQ6TNA==</latexit>

() A⇤y 2 c� C⇤



(PLP) duality

42

X Z

b

A
Ax

b+K

x

C

0X

c

W

h·, ·iX

Y

h·, ·iY

0X

K⇤

A⇤

A⇤y

y
c� C⇤

(PLP)

(PLPD)

<latexit sha1_base64="drAfQaKM4OjdPu3y9msErM8+Suw="></latexit>

max
y2Y

hy, biY

s.t. A⇤y �C⇤ c

y ⌫K⇤ 0

<latexit sha1_base64="dmrReTWN60ZmNDg6pE4kP1NyJs8="></latexit>

min
x2X

hx, ciX

s.t. Ax ⌫K b

x ⌫C 0
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<latexit sha1_base64="2EPnKIdrOU19W03eODexJ+fem/k="></latexit>

min
x

1X

j=1

xjcj

s.t.
1X

j=1

xjaij = bi for i = 1, 2, . . .

xj � 0 for j = 1, 2, . . .
X Z

b

A
Ax

b+K

x

C

0X

c

W

h·, ·iX

Y

h·, ·iY

0X

K⇤

A⇤

A⇤y

y
c� C⇤

<latexit sha1_base64="M4Tjiar6OiiNmShAmZ9LWDeeSWc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgHsKu+LoIwVw8RjAPSNYwO5lNxszOLDOzQljyD148KOLV//Hm3zhJ9qCJBQ1FVTfdXUHMmTau++3klpZXVtfy64WNza3tneLuXkPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGFYnfvOJKs2kuDejmPoR7gsWMoKNlRrVhxN0jbrFklt2p0CLxMtICTLUusWvTk+SJKLCEI61bntubPwUK8MIp+NCJ9E0xmSI+7RtqcAR1X46vXaMjqzSQ6FUtoRBU/X3RIojrUdRYDsjbAZ63puI/3ntxIRXfspEnBgqyGxRmHBkJJq8jnpMUWL4yBJMFLO3IjLAChNjAyrYELz5lxdJ47TsXZTP785KlZssjjwcwCEcgweXUIFbqEEdCDzCM7zCmyOdF+fd+Zi15pxsZh/+wPn8AeEhjgg=</latexit>

C⇤ =

<latexit sha1_base64="huoyeFS7M0jrDw66H/srP5TMZj4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgHsKu+LoIQS+ClwjmAckaZiezyZjZmWVmVghL/sGLB0W8+j/e/BsnyR40saChqOqmuyuIOdPGdb+d3MLi0vJKfrWwtr6xuVXc3qlrmShCa0RyqZoB1pQzQWuGGU6bsaI4CjhtBIPrsd94okozKe7NMKZ+hHuChYxgY6X67cMRukSdYsktuxOgeeJlpAQZqp3iV7srSRJRYQjHWrc8NzZ+ipVhhNNRoZ1oGmMywD3aslTgiGo/nVw7QgdW6aJQKlvCoIn6eyLFkdbDKLCdETZ9PeuNxf+8VmLCCz9lIk4MFWS6KEw4MhKNX0ddpigxfGgJJorZWxHpY4WJsQEVbAje7MvzpH5c9s7Kp3cnpcpVFkce9mAfDsGDc6jADVShBgQe4Rle4c2Rzovz7nxMW3NONrMLf+B8/gDtaY4Q</latexit>

K⇤ =

<latexit sha1_base64="7Fq7tdRr+CFZnY2eenmUbRnjFIE=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnBPqCJZTKdtEMnM2HmRgihn+HGhSJu/Rp3/o3TNgttPXDhcM693HtPmAhuwHW/ndLK6tr6RnmzsrW9s7tX3T9oG5VqylpUCaW7ITFMcMlawEGwbqIZiUPBOuH4dup3npg2XMkHyBIWxGQoecQpASv1fCbEo89lBFm/WnPr7gx4mXgFqaECzX71yx8omsZMAhXEmJ7nJhDkRAOngk0qfmpYQuiYDFnPUkliZoJ8dvIEn1hlgCOlbUnAM/X3RE5iY7I4tJ0xgZFZ9Kbif14vheg6yLlMUmCSzhdFqcCg8PR/POCaURCZJYRqbm/FdEQ0oWBTqtgQvMWXl0n7rO5d1i/uz2uNmyKOMjpCx+gUeegKNdAdaqIWokihZ/SK3hxwXpx352PeWnKKmUP0B87nD4hukW8=</latexit>

`1

<latexit sha1_base64="5WR/7G/Urh+1glIWrbxKRILVJkM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQEUoifh2LXjxWsB/YxrLZTtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5fsyZ0o7zbeWWlldW1/LrhY3Nre2d4u5eQ0WJpFinEY9kyycKORNY10xzbMUSSehzbPrDm4nffEKpWCTu9ShGLyR9wQJGiTbSQ7mDnD+6x92TbrHkVJwp7EXiZqQEGWrd4lenF9EkRKEpJ0q1XSfWXkqkZpTjuNBJFMaEDkkf24YKEqLy0unFY/vIKD07iKQpoe2p+nsiJaFSo9A3nSHRAzXvTcT/vHaigysvZSJONAo6WxQk3NaRPXnf7jGJVPORIYRKZm616YBIQrUJqWBCcOdfXiSN04p7UTm/OytVr7M48nAAh1AGFy6hCrdQgzpQEPAMr/BmKevFerc+Zq05K5vZhz+wPn8AHzaP6w==</latexit>

(`1)+

<latexit sha1_base64="AWCHhTWAG6HvjsUJPFN4zi1PGfQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVXxch6sVjBPOAZA2zk9lkyOzsMDMrLEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K5CcaeO6387C4tLyymphrbi+sbm1XdrZbeg4UYTWScxj1QqwppwJWjfMcNqSiuIo4LQZDG/HfvOJKs1i8WBSSf0I9wULGcHGSs3rx+MUXaFuqexW3AnQPPFyUoYctW7pq9OLSRJRYQjHWrc9Vxo/w8owwumo2Ek0lZgMcZ+2LRU4otrPJueO0KFVeiiMlS1h0ET9PZHhSOs0CmxnhM1Az3pj8T+vnZjw0s+YkImhgkwXhQlHJkbj31GPKUoMTy3BRDF7KyIDrDAxNqGiDcGbfXmeNE4q3nnl7P60XL3J4yjAPhzAEXhwAVW4gxrUgcAQnuEV3hzpvDjvzse0dcHJZ/bgD5zPH7ykjok=</latexit>

A⇤y =

<latexit sha1_base64="N4naGKp2GYu99wI+YM2EfZE0pYQ=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiTiayMU3bisYB/QxjCZTtrRmUmYmQghZOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0niBlV2nG+rdLC4tLySnm1sra+sbllb++0VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gnuL8d+54FIRSNxo9OYeBwNBQ0pRtpIvl3tq4T7GT1389s+FaFOYepTZJS73LdrTt2ZAM4TtyA1UKDp21/9QYQTToTGDCnVc51YexmSmmJG8ko/USRG+B4NSc9QgThRXjZ5Iof7RhnAMJKmhIYT9fdEhrhSKQ9MJ0d6pGa9sfif10t0eOZlVMSJJgJPF4UJgzqC40TggEqCNUsNQVhScyvEIyQR1ia3ignBnX15nrQP6+5J/fj6qNa4KOIogyrYAwfABaegAa5AE7QABo/gGbyCN+vJerHerY9pa8kqZnbBH1ifPyoXmHI=</latexit> 1X

i=1

yiaij

<latexit sha1_base64="lgCZEd+VcxVv8S9cCgl3zwEEHN0="></latexit>

max
y

1X

i=1

yjbj

s.t.
1X

i=1

yiaij  cj for j = 1, 2, . . .

yi � 0 for i = 1, 2, . . .

Assuming:

<latexit sha1_base64="8cL1UP6B4lR9NETVEECSRXuMCYg=">AAACInicbVDLSsNAFJ34tr6qLt0MFsFVScQnKBTduKxgq9DUMJlO2qmTSZi5EUKab3Hjr7hxoagrwY9x2mbh68CFM+fcy9x7/FhwDbb9YU1MTk3PzM7NlxYWl5ZXyqtrTR0lirIGjUSkrn2imeCSNYCDYNexYiT0Bbvyb8+G/tUdU5pH8hLSmLVD0pU84JSAkbzykauT2OPYFSwANzOv0Mv6J05+43IZQIoHxMt4Px+4ind74Ob4GI8dr1yxq/YI+C9xClJBBepe+c3tRDQJmQQqiNYtx46hnREFnAqWl9xEs5jQW9JlLUMlCZluZ6MTc7xllA4OImVKAh6p3ycyEmqdhr7pDAn09G9vKP7ntRIIDtsZl3ECTNLxR0EiMER4mBfucMUoiNQQQhU3u2LaI4pQMKmWTAjO75P/kuZO1dmv7l3sVmqnRRxzaANtom3koANUQ+eojhqIonv0iJ7Ri/VgPVmv1vu4dcIqZtbRD1ifX+xjpSU=</latexit>

sup
i

8
<

:

1X

j=1

|aij |

9
=

; < 1

<latexit sha1_base64="6ru1rBaVzRmE/IhoAiqPxaGmlBE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16UghePFeyHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8zv/1ElWaRfDCTmPoCDyULGcEmkx7RNeqXK27VnQEtEy8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv10dusUnVhlgMJI2ZIGzdTfEykWWk9EYDsFNiO96GXif143MeGVnzIZJ4ZKMl8UJhyZCGWPowFTlBg+sQQTxeytiIywwsTYeEo2BG/x5WXSOqt6F9Xa/XmlfpPHUYQjOIZT8OAS6nAHDWgCgRE8wyu8OcJ5cd6dj3lrwclnDuEPnM8f5waNfg==</latexit>

Y =
<latexit sha1_base64="YyHj7tbVSedF016qwp4Zp63wFyE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzowWME84BkDbOT3mTM7M4yMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttvaJkqhnUmhVStgGoUPMa64UZgK1FIo0BgMxheT/zmEyrNZXxvRgn6Ee3HPOSMGis1OijEg9ctld2KOwVZJF5OypCj1i19dXqSpRHGhgmqddtzE+NnVBnOBI6LnVRjQtmQ9rFtaUwj1H42vXZMjq3SI6FUtmJDpurviYxGWo+iwHZG1Az0vDcR//PaqQmv/IzHSWowZrNFYSqIkWTyOulxhcyIkSWUKW5vJWxAFWXGBlS0IXjzLy+SxmnFu6ic352Vqzd5HAU4hCM4AQ8uoQq3UIM6MHiEZ3iFN0c6L8678zFrXXLymQP4A+fzBzdxjuo=</latexit>

`1
<latexit sha1_base64="MW9nzzakdct6782y2PM1PY4mbgs=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBEqQknEr2NBDx4r2A9sY9lsJ+3SzSbuboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8w8P+ZMacf5thYWl5ZXVnNr+fWNza3tws5uXUWJpFijEY9k0ycKORNY00xzbMYSSehzbPiDq7HfeEKpWCTu9DBGLyQ9wQJGiTbSfamNnD88HnWOO4WiU3YmsOeJm5EiZKh2Cl/tbkSTEIWmnCjVcp1YeymRmlGOo3w7URgTOiA9bBkqSIjKSycXj+xDo3TtIJKmhLYn6u+JlIRKDUPfdIZE99WsNxb/81qJDi69lIk40SjodFGQcFtH9vh9u8skUs2HhhAqmbnVpn0iCdUmpLwJwZ19eZ7UT8ruefns9rRYuc7iyME+HEAJXLiACtxAFWpAQcAzvMKbpawX6936mLYuWNnMHvyB9fkDgZCQLQ==</latexit>

(`q)+

max
y

∞

∑
i=1

yibi
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Theorem (weak duality)

val(PLPD) ≤ val(PLP)

Theorem (complementary slackness):
<latexit sha1_base64="bGi6vSdzdw/X0l8/rxyeRy30i5g=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GITdgVX2XQxsJiBfOA7BJmJ5NkyOyDmbuSsKS18VdsLBSx9Q/s/Bsnmy008cDA4Zx7uXOOHwuuwLK+jcLS8srqWnG9tLG5tb1j7u41VJRIyuo0EpFs+UQxwUNWBw6CtWLJSOAL1vSH11O/+cCk4lF4D+OYeQHph7zHKQEtdUzs+kTiEXaBjSDFUQw8IAJDhCe44tw6xx2zbFWtDHiR2DkpoxxOx/xyuxFNAhYCFUSptm3F4KVEAqeCTUpuolhM6JD0WVvTkARMeWmWZIKPtNLFvUjqFwLO1N8bKQmUGge+ngwIDNS8NxX/89oJ9C69lIdxAiyks0O9JAs6rQV3uWQUxFgTQiXXf8V0QCShoMsr6RLs+ciLpHFStc+rZ3en5dpVXkcRHaBDVEE2ukA1dIMcVEcUPaJn9IrejCfjxXg3PmajBSPf2Ud/YHz+AH3hmO0=</latexit>

x̄ optimal to (PLP )
<latexit sha1_base64="XqLG9tOLyReM8qKIJZaF+JhMSfk=">AAACCnicbVC7TsMwFHV4lvIqMLIYKqSyVAniNVbAwMBQJPqQmqhyXLe16jiRfYOIos4s/AoLAwix8gVs/A1umwFajmTp6Jx7dX2OHwmuwba/rbn5hcWl5dxKfnVtfWOzsLVd12GsKKvRUISq6RPNBJesBhwEa0aKkcAXrOEPLkd+454pzUN5B0nEvID0JO9ySsBI7cKe6xOFE+wCe4AUhxHwgAgMIR7iUvWmenXYLhTtsj0GniVORoooQ7Vd+HI7IY0DJoEKonXLsSPwUqKAU8GGeTfWLCJ0QHqsZagkAdNeOo4yxAdG6eBuqMyTgMfq742UBFongW8mAwJ9Pe2NxP+8Vgzdcy/lMoqBSTo51I3HSUe94A5XjIJIDCFUcfNXTPtEEQqmvbwpwZmOPEvqR2XntHxye1ysXGR15NAu2kcl5KAzVEHXqIpqiKJH9Ixe0Zv1ZL1Y79bHZHTOynZ20B9Ynz8W85k8</latexit>

ȳ optimal to (PLPD)
<latexit sha1_base64="ooaa47sTZcs8zpX0+q2WsCjxmKI=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwUUoiPhdC0Y3LCvYhTQiT6aQdOpmEmYkYSr/Fjb/ixoWirgQ/xmkaxFYPXDiccy/33uPHjEplWZ9GYW5+YXGpuFxaWV1b3zA3t5oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8geXY791R4SkEb9RaUzcEPU4DShGSkueeeYwxHuMQMdHAt5XIIaOyBSvDc/hlJtWoP/j3npm2apaGeBfYuekDHLUPfPd6UY4CQlXmCEpO7YVK3eIhKKYkVHJSSSJER6gHuloylFIpDvMXhzBPa10YRAJXVzBTP09MUShlGno684Qqb6c9cbif14nUcGpO6Q8ThTheLIoSBhUERznBbtUEKxYqgnCgupbIe4jgbDSqZZ0CPbsy39J86BqH1ePrg/LtYs8jiLYAbtgH9jgBNTAFaiDBsDgATyBF/BqPBrPxpvxMWktGPnMNpiC8fUNU++iUw==</latexit>

hx̄, ciX = hȳ, biY

<latexit sha1_base64="vZ5fZjOxnBfC35ewiu4JXzaLlL4=">AAACFXicbVDLSsNAFJ34rPUVdelmsAhVaknE10aounFZwT6giWUynbZDJ5MwMxFD6E+48VfcuFDEreDOv3GaZqGtBy6cOede5t7jhYxKZVnfxszs3PzCYm4pv7yyurZubmzWZRAJTGo4YIFoekgSRjmpKaoYaYaCIN9jpOENrkZ+454ISQN+q+KQuD7qcdqlGCkttc2SwxDvMQIdDwn4UIIYHsCLu/1i+o73HJHa7SY8h1bbLFhlKwWcJnZGCiBDtW1+OZ0ARz7hCjMkZcu2QuUmSCiKGRnmnUiSEOEB6pGWphz5RLpJetUQ7mqlA7uB0MUVTNXfEwnypYx9T3f6SPXlpDcS//NakeqeuQnlYaQIx+OPuhGDKoCjiGCHCoIVizVBWFC9K8R9JBBWOsi8DsGePHma1A/L9kn5+OaoULnM4siBbbADisAGp6ACrkEV1AAGj+AZvII348l4Md6Nj3HrjJHNbIE/MD5/ANqbnB4=</latexit>

hx̄, c�A⇤(ȳ)iX = 0
<latexit sha1_base64="8K9LXr2pDp5oznGqhyhPjB1VWeg=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARFLQk4m0jVN24rGAv0oQwmU7boZNJmJmIIfQZ3Pgqblwo4taVO9/GaZqFth4Y+Pj/czhzfj9iVCrL+jYKM7Nz8wvFxdLS8srqmrm+0ZBhLDCp45CFouUjSRjlpK6oYqQVCYICn5GmP7ga+c17IiQN+a1KIuIGqMdpl2KktOSZew5DvMcIdHwkYLIPLzJ4gAcQ+o7IPO8OnkPLM8tWxcoKToOdQxnkVfPML6cT4jggXGGGpGzbVqTcFAlFMSPDkhNLEiE8QD3S1shRQKSbZicN4Y5WOrAbCv24gpn6eyJFgZRJ4OvOAKm+nPRG4n9eO1bdMzelPIoV4Xi8qBszqEI4ygd2qCBYsUQDwoLqv0LcRwJhpVMs6RDsyZOnoXFYsU8qxzdH5eplHkcRbIFtsAtscAqq4BrUQB1g8AiewSt4M56MF+Pd+Bi3Fox8ZhP8KePzBzKsm0c=</latexit>

hȳ, Ax̄� biY = 0

<latexit sha1_base64="mAI9v3/ObbF9dZ3lIqjk5A+zH6Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRqWa0BZRXOlOhA3lTNKWZZbTTqIpFhGn7Wh8m/vtJ6oNU/LBThIaCjyULGYE21zqsTjuV2t+3Z8BLZOgIDUo0OxXv3oDRVJBpSUcG9MN/MSGGdaWEU6nlV5qaILJGA9p11GJBTVhNrt1ik6cMkCx0q6kRTP190SGhTETEblOge3ILHq5+J/XTW18HWZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/FhRAsvrxMHs/qwWX94v681rgp4ijDERzDKQRwBQ24gya0gMAInuEV3jzhvXjv3se8teQVM4fwB97nDwSIjj0=</latexit>()

Workhorse of IDLP story-telling:  
CS conditions + extreme point structure

Unlocked by showing “zero-duality gap”



A summary of zero-duality gap results
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• (Anderson and Nash, 1987), (Barvinok,2002) 

> closedness
> interior point
> boundedness
> compactness

topology of epigraphical cones

> subdifferentiability

• (Shapiro, 2001), (Rockafellar, 1974) 

topology of optimal value functional
<latexit sha1_base64="lCcjQ/aOwJ9l2eTFzFLRi5zodeA="></latexit>

v(z) := min{hx, ci | x 2 C,Ax+ z 2 K}

<latexit sha1_base64="rxW59UIsaPZkzuDAKvxrA9PgDjM="></latexit>

Â(C) := {(Ax, hx, ciX) | x 2 C}
✓ Z ⇥ R



(Generalized) Slater condition
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Theorem (Slater condition):
<latexit sha1_base64="ww4CmzdxTGIxMTfUl5UZ6AxBN7w=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQxCLAy74quSoI2FRQTzgOwSZiezyZDZ2WXmbjAswcZfsbFQxNavsPNvnDwKjR64cDjnXu69x48F12DbX1Zmbn5hcSm7nFtZXVvfyG9u1XSUKMqqNBKRavhEM8ElqwIHwRqxYiT0Bav7vauRX+8zpXkk72AQMy8kHckDTgkYqZXfcYHdQ9onYlis3FQO8AU+dLkMYNDKF+ySPQb+S5wpKaApKq38p9uOaBIyCVQQrZuOHYOXEgWcCjbMuYlmMaE90mFNQyUJmfbS8QtDvG+UNg4iZUoCHqs/J1ISaj0IfdMZEujqWW8k/uc1EwjOvZTLOAEm6WRRkAgMER7lgdtcMQpiYAihiptbMe0SRSiY1HImBGf25b+kdlRyTksnt8eF8uU0jizaRXuoiBx0hsroGlVQFVH0gJ7QC3q1Hq1n6816n7RmrOnMNvoF6+Mb5ZiWeQ==</latexit>

val(PLP ) > �1

<latexit sha1_base64="mAI9v3/ObbF9dZ3lIqjk5A+zH6Y=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOZpMh81hmZoWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pZXVvfKG9WtrZ3dveq+wePRqWa0BZRXOlOhA3lTNKWZZbTTqIpFhGn7Wh8m/vtJ6oNU/LBThIaCjyULGYE21zqsTjuV2t+3Z8BLZOgIDUo0OxXv3oDRVJBpSUcG9MN/MSGGdaWEU6nlV5qaILJGA9p11GJBTVhNrt1ik6cMkCx0q6kRTP190SGhTETEblOge3ILHq5+J/XTW18HWZMJqmlkswXxSlHVqH8cTRgmhLLJ45gopm7FZER1phYF0/FhRAsvrxMHs/qwWX94v681rgp4ijDERzDKQRwBQ24gya0gMAInuEV3jzhvXjv3se8teQVM4fwB97nDwSIjj0=</latexit>() • val(PLP) = val(PLPD)

• (PLPD) has an 
optimal solution

Road map:

(i) Apply BMT (using 
a heavy compactness 
result) for primal 
existence and extreme 
points
(ii) Show zero-
duality gap and dual 
existence using 
Slater, or scramble 
for tricks

(iii) Apply CS to further analyze 
the extremal structure.

<latexit sha1_base64="gd0n3/vI5YADdtd18sFBIeDjNao="></latexit>

9x̄ 2 C s.t. Ax̄� b 2 int�(Z,Y )K



V:  
Linear 

persuasion
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The linear persuasion model 
(based on Dizdar and Kováč, GEB, 2020)

* a new proof of (Dworczak and Martini, JPE, 2019) 48

• sender influences the beliefs of a receiver 
through deciding how to reveal information
• state of the world S distributed according 
to Borel probability measure μ
• Assume supp(μ) in [0,1], including {0,1} 

• τ is derived by Bayesian updating from prior 
μ, this updating depends on sender’s choice

• Sender utility             depend’s only on 
the mean of the receiver’s posterior beliefs τ

<latexit sha1_base64="YTohE7qeaJjONjIPc4VV+0npiNo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwYWURHzhqujGZRX7gCSUyXTSDp08mJkIJXTjr7hxoYhbP8Odf+OkzUJbDwwczrmXuef4CWdSWda3UVpYXFpeKa9W1tY3NrfM7Z2WjFNBaJPEPBYdH0vKWUSbiilOO4mgOPQ5bfvDm9xvP1IhWRw9qFFCvRD3IxYwgpWWuuZeiq6QYx3bHnJVjNwQq4Hvo/uuWbVq1gRontgFqUKBRtf8cnsxSUMaKcKxlI5tJcrLsFCMcDquuKmkCSZD3KeOphEOqfSySYAxOtRKDwWx0C9SaKL+3shwKOUo9PVkfqCc9XLxP89JVXDpZSxKUkUjMv0oSDnSUfM2UI8JShQfaYKJYPpWRAZYYKJ0ZxVdgj0beZ60Tmr2ee3s7rRavy7qKMM+HMAR2HABdbiFBjSBwBie4RXejCfjxXg3PqajJaPY2YU/MD5/AKMMlIo=</latexit>

u : [0, 1] ! R

• Upshot: τ is feasible iff
<latexit sha1_base64="/icVxeKQMULZ0uXCAJH3tu3LzE0=">AAACJnicbVDLSgMxFM34rPU16tJNsAiuyoz42ghFNy4r2Ad06pBJM21okhknd4pl6Ne48VfcuKiIuPNTTB8L23oh4XAeJPcEseAaHOfbWlpeWV1bz23kN7e2d3btvf2qjtKEsgqNRJTUA6KZ4IpVgINg9ThhRAaC1YLu7Uiv9ViieaQeoB+zpiRtxUNOCRjKt689ICn2TIayJz+jzwPsSUPwMDSXAt95dHGvNXEJNsPJ1LcLTtEZD14E7hQU0HTKvj30WhFNJVNABdG64ToxNDOSAKeCDfJeqllMaJe0WcNARSTTzWy85gAfG6aFwygxRwEes38TGZFa92VgnJJAR89rI/I/rZFCeNXMuIpTYIpOHgpTgSHCo85wi5t6QPQNIDTh5q+YdkhCKJhm86YEd37lRVA9LboXxfP7s0LpZlpHDh2iI3SCXHSJSugOlVEFUfSC3tAQfViv1rv1aX1NrEvWNHOAZsb6+QUW0KTp</latexit>

⌧ �cx µ ()
Z 1

0
vd⌧ 

Z 1

0
vdµ

<latexit sha1_base64="WvGbK8fi9MU/M0cCHfEIiwZ9r8I=">AAACFXicbVDJSgNBFOyJW4zbqEcvjUHwEMKMuOEp6MVjFLPAzBB6Oj1Jk56F7jchYchPePFXvHhQxKvgzb+xsxw0saChqHqPrld+IrgCy/o2ckvLK6tr+fXCxubW9o65u1dXcSopq9FYxLLpE8UEj1gNOAjWTCQjoS9Yw+/djP1Gn0nF4+gBhgnzQtKJeMApAS21zJIbxJIIgftXjlWyPRdiNyTQ9X18j11gA8gw7Q9KmIIatcyiVbYmwIvEnpEimqHaMr/cdkzTkEVABVHKsa0EvIxI4FSwUcFNFUsI7ZEOczSNSMiUl02uGuEjrbSxjqdfBHii/t7ISKjUMPT15DixmvfG4n+ek0Jw6WU8SlJgEZ1+FKQCQ4zHFeE2l4yCGGpCqOQ6K6ZdIgkFXWRBl2DPn7xI6idl+7x8dndarFzP6sijA3SIjpGNLlAF3aIqqiGKHtEzekVvxpPxYrwbH9PRnDHb2Ud/YHz+APeQnhk=</latexit>

8v : [0, 1] ! R cvx, cts



Formulation as a (PLP)?

49

<latexit sha1_base64="W+y/PTFI93qDaEnhbOdL4xU8HrA="></latexit>

max
⌧

Z 1

0
ud⌧

s.t. ⌧ �cx µ

⌧ ⌫ 0
Z 1

0
d⌧ = 1

<latexit sha1_base64="LsofmSa6ie+/IiCmxID5ohekmGU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoivpbFblxWsA9IQ5lMJ+3QySTMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zba2srq1vbJa2yts7u3sVe/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51g3Mj9ziOVisXiQU8S6kd4KFjICNZG6tuVXoT1iGCOGp5z5vp9u+rUnBnQMnELUoUCzb791RvEJI2o0IRjpTzXSbSfYakZ4XRa7qWKJpiM8ZB6hgocUeVns+BTdGKUAQpjaZ7QaKb+3shwpNQkCsxkHlMtern4n+elOrzxMyaSVFNB5ofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmxKcBe/vEza5zX3qnZ5f1Gt3xZ1lOAIjuEUXLiGOtxBE1pAIIVneIU368l6sd6tj/noilXsHMIfWJ8/N76SKQ==</latexit>

C[0, 1]
<latexit sha1_base64="4jhK5Ny4tuIFB7BoQRXDrpFNaRI=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiTiayMU3bisYB/QhjKZTtqhM5MwMxFK6C+4caGIW3/InX/jpM1CWw9cOJxzL/feEyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpRDdoL5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrrOZf1i4ezqv12yKOMhzBMZyCD1dQh3toQBMIjOAZXuHNEc6L8+58zFtLTjFzCH/gfP4A9fmNiw==</latexit>

b =

<latexit sha1_base64="QTU10g6AarQeSHW4nlgeCfCdsfk=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiTiayMUdOGygn1AG8pkOmmHzkzCzEQoob/gxoUibv0hd/6NkzYLbT1w4XDOvdx7T5hwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjm9zv/1ElWaxfDSThAYCDyWLGMEmlzroBvXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroOMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/snbxcF6t3xVxlOEIjuEUfLiCOtxDA5pAYATP8ApvjnBenHfnY95acoqZQ/gD5/MH502Ngw==</latexit>

X =

<latexit sha1_base64="xn3cbDd1lfoEbCVKADRVlJQG9cc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoivpYFXbgRKtgHpKFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnH+baWlldW19ZLG+XNre2dir2711JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrO/fYjlYrF4kGPE+pHeCBYyAjWRurZlW6E9ZBgju4858T1e3bVqTlToEXiFqQKBRo9+6vbj0kaUaEJx0p5rpNoP8NSM8LppNxNFU0wGeEB9QwVOKLKz6bBJ+jIKH0UxtI8odFU/b2R4UipcRSYyTymmvdy8T/PS3V45WdMJKmmgswOhSlHOkZ5C6jPJCWajw3BRDKTFZEhlpho01XZlODOf3mRtE5r7kXt/P6sWr8p6ijBARzCMbhwCXW4hQY0gUAKz/AKb9aT9WK9Wx+z0SWr2NmHP7A+fwBHspI1</latexit>

M[0, 1]

<latexit sha1_base64="wWvyoN/boMvYlMnT4Lw+38CYunU=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ0IPHKOYByRJmJ73JkNnZZWZWCEv+wIsHRbz6R978GyfJHjRa0FBUddPdFSSCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup76rUdUmsfywYwT9CM6kDzkjBor3bOrXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb78lzRPqt559ezutFK7yeMowgEcwjF4cAE1uIU6NIBBCE/wAq/OyHl23pz3eWvByWf24Recj29MCY06</latexit>c =

<latexit sha1_base64="/5bHaZ5eTyfVzutB28C+X1/itL8=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQzowWMC5gHJEmYnvcmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUT3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVeWyflGu3uVxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucP5YeNBQ==</latexit>u

<latexit sha1_base64="IMeOOy//kCztGwESxxMpH3eEkCM=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhECevAY0SyYDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMcNPFBweO9KqrqBYng2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMrsd+4wmV5rF8MMME/Yj2JA85o8ZK94/kqlMsuWV3ArJIvBkpwQzVTvGr3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5skqXhLGyJQ2ZqL8nMhppPYwC2xlR09fz3lj8z2ulJrz0My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZfXiT1k7J3Xj67Oy1VbmZx5OEADuEYPLiACtxCFWrAoAfP8ApvjnBenHfnY9qac2Yz+/AHzucPlDyNWw==</latexit>

Z =

<latexit sha1_base64="hsGv5DbeSbxUcH53yBotZ8d7pZI=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgzowWNEs0AyhJ5OT9Kkl6G7RwhDPsGLB0W8+kXe/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6mfqtJ6oNU/LRjhMaCjyQLGYEWyc9dEXaK1f8qj8DWiZBTiqQo94rf3X7iqSCSks4NqYT+IkNM6wtI5xOSt3U0ASTER7QjqMSC2rCbHbqBJ04pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxdZgxmaSWSjJfFKccWYWmf6M+05RYPnYEE83crYgMscbEunRKLoRg8eVl0jyrBpfVi/vzSu02j6MIR3AMpxDAFdTgDurQAAIDeIZXePO49+K9ex/z1oKXzxzCH3ifP2E4jeI=</latexit>µ
<latexit sha1_base64="xn3cbDd1lfoEbCVKADRVlJQG9cc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoivpYFXbgRKtgHpKFMppN26GQSZiZCDf0SNy4UceunuPNvnLRZaOuBgcM593LPnCDhTGnH+baWlldW19ZLG+XNre2dir2711JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrO/fYjlYrF4kGPE+pHeCBYyAjWRurZlW6E9ZBgju4858T1e3bVqTlToEXiFqQKBRo9+6vbj0kaUaEJx0p5rpNoP8NSM8LppNxNFU0wGeEB9QwVOKLKz6bBJ+jIKH0UxtI8odFU/b2R4UipcRSYyTymmvdy8T/PS3V45WdMJKmmgswOhSlHOkZ5C6jPJCWajw3BRDKTFZEhlpho01XZlODOf3mRtE5r7kXt/P6sWr8p6ijBARzCMbhwCXW4hQY0gUAKz/AKb9aT9WK9Wx+z0SWr2NmHP7A+fwBHspI1</latexit>

M[0, 1]

<latexit sha1_base64="imu9eI0Wse3UcTYhHwlqP8BpmbU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17GgB48VrC20oWy2m3bp7ibsToQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MBHcoOd9O6WV1bX1jfJmZWt7Z3evun/waOJUU9aisYh1JySGCa5YCzkK1kk0IzIUrB2Ob3K//cS04bF6wEnCAkmGikecEsylHpK0X615dW8Gd5n4BalBgWa/+tUbxDSVTCEVxJiu7yUYZEQjp4JNK73UsITQMRmyrqWKSGaCbHbr1D2xysCNYm1LoTtTf09kRBozkaHtlARHZtHLxf+8borRdZBxlaTIFJ0vilLhYuzmj7sDrhlFMbGEUM3trS4dEU0o2ngqNgR/8eVl8nhW9y/rF/fntcZtEUcZjuAYTsGHK2jAHTShBRRG8Ayv8OZI58V5dz7mrSWnmDmEP3A+fwAlB45U</latexit>⌧

<latexit sha1_base64="6o6MIICJnQrcYcqy9gfJ324pEHY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EQj14rGA/oF1KNs22oUl2SbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYNLI/M4TVZpF8tFMY+oLPJIsZASbTGqgWzQoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVH1rqq1h8tK/S6PowgncArn4ME11OEemtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/xzqNbg==</latexit>

C =

<latexit sha1_base64="givaX9Hd8jIlGkJYl2Z/Sfrb+j0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16Egh4ELxXsB7RLyabZNjTJLklWKEv/ghcPinj1D3nz35ht96CtDwYe780wMy+IOdPGdb+dwsrq2vpGcbO0tb2zu1feP2jpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYxvMr/9RJVmkXw0k5j6Ag8lCxnBJpPu0TXqlytu1Z0BLRMvJxXI0eiXv3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbrFJ1YZYDCSNmSBs3U3xMpFlpPRGA7BTYjvehl4n9eNzHhlZ8yGSeGSjJfFCYcmQhlj6MBU5QYPrEEE8XsrYiMsMLE2HhKNgRv8eVl0jqrehfV2sN5pX6bx1GEIziGU/DgEupwBw1oAoERPMMrvDnCeXHenY95a8HJZw7hD5zPH9NyjXY=</latexit>

K =
<latexit sha1_base64="l4MHhj54xdnj1V8wqHttK2SSVLA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSKIh7Irfl2EQj14rOC2hXYt2TTbhmaTJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99tZWl5ZXVsvbBQ3t7Z3dkt7+w0tU0WoTySXqhViTTkT1DfMcNpKFMVxyGkzHNYmfvOJKs2keDCjhAYx7gsWMYKNlfza4ym66ZbKbsWdAi0SLydlyFHvlr46PUnSmApDONa67bmJCTKsDCOcjoudVNMEkyHu07alAsdUB9n02DE6tkoPRVLZEgZN1d8TGY61HsWh7YyxGeh5byL+57VTE10HGRNJaqggs0VRypGRaPI56jFFieEjSzBRzN6KyAArTIzNp2hD8OZfXiSNs4p3Wbm4Py9Xb/M4CnAIR3ACHlxBFe6gDj4QYPAMr/DmCOfFeXc+Zq1LTj5zAH/gfP4AiyeN4A==</latexit>

C⇤ =

<latexit sha1_base64="n7KUv0OK1QAytsNBZTA/bumVqOg=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSKIh7Irfl2Egh4ELxXcttCuJZtm29BssiRZoSz9DV48KOLVH+TNf2Pa7kFbHww83pthZl6YcKaN6347C4tLyyurhbXi+sbm1nZpZ7euZaoI9YnkUjVDrClngvqGGU6biaI4DjlthIPrsd94okozKR7MMKFBjHuCRYxgYyX/7vEYXXVKZbfiToDmiZeTMuSodUpf7a4kaUyFIRxr3fLcxAQZVoYRTkfFdqppgskA92jLUoFjqoNscuwIHVqliyKpbAmDJurviQzHWg/j0HbG2PT1rDcW//NaqYkug4yJJDVUkOmiKOXISDT+HHWZosTwoSWYKGZvRaSPFSbG5lO0IXizL8+T+knFO6+c3Z+Wqzd5HAXYhwM4Ag8uoAq3UAMfCDB4hld4c4Tz4rw7H9PWBSef2YM/cD5/AJdnjeg=</latexit>

K⇤ =
<latexit sha1_base64="EDuH9vKqb+xXDHiGjXRvgff8LH8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIISknE17KgCzdCBfuANITJdNIOnTyYmSgl9lPcuFDErV/izr9x0mahrQcGDufcyz1z/IQzqSzr21hYXFpeWS2tldc3Nre2zcpOS8apILRJYh6Ljo8l5SyiTcUUp51EUBz6nLb94VXutx+okCyO7tUooW6I+xELGMFKS55Z6YZYDQjm6Naxjm3XO/LMqlWzJkDzxC5IFQo0PPOr24tJGtJIEY6ldGwrUW6GhWKE03G5m0qaYDLEfepoGuGQSjebRB+jA630UBAL/SKFJurvjQyHUo5CX0/mQeWsl4v/eU6qgks3Y1GSKhqR6aEg5UjFKO8B9ZigRPGRJpgIprMiMsACE6XbKusS7Nkvz5PWSc0+r53dnVbr10UdJdiDfTgEGy6gDjfQgCYQeIRneIU348l4Md6Nj+noglHs7MIfGJ8/bViS0w==</latexit>

M[0, 1]+
<latexit sha1_base64="5LoAwROXT3x5KhB09MFUTikqHZ4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIISknE17JQFy4r2AekIUymk3bo5MHMRCmxn+LGhSJu/RJ3/o2TNgttPTBwOOde7pnjJ5xJZVnfxtLyyuraemmjvLm1vbNrVvbaMk4FoS0S81h0fSwpZxFtKaY47SaC4tDntOOPGrnfeaBCsji6V+OEuiEeRCxgBCsteWalF2I1JJijhmOd2q534plVq2ZNgRaJXZAqFGh65levH5M0pJEiHEvp2Fai3AwLxQink3IvlTTBZIQH1NE0wiGVbjaNPkFHWumjIBb6RQpN1d8bGQ6lHIe+nsyDynkvF//znFQF127GoiRVNCKzQ0HKkYpR3gPqM0GJ4mNNMBFMZ0VkiAUmSrdV1iXY819eJO2zmn1Zu7g7r9ZvijpKcACHcAw2XEEdbqEJLSDwCM/wCm/Gk/FivBsfs9Elo9jZhz8wPn8AXeqSyQ==</latexit>

C[0, 1]+

<latexit sha1_base64="sXvqJ7VJlejN3jAKVRleHv+mJlE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16Egh48VrAf0i4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7J/PYTVZpF8sFMYuoLPJQsZASbTHpE16hfrrhVdwa0TLycVCBHo1/+6g0ikggqDeFY667nxsZPsTKMcDot9RJNY0zGeEi7lkosqPbT2a1TdGKVAQojZUsaNFN/T6RYaD0Rge0U2Iz0opeJ/3ndxIRXfspknBgqyXxRmHBkIpQ9jgZMUWL4xBJMFLO3IjLCChNj4ynZELzFl5dJ66zqXVRr9+eV+m0eRxGO4BhOwYNLqMMdNKAJBEbwDK/w5gjnxXl3PuatBSefOYQ/cD5/AOjUjYQ=</latexit>

Y =

<latexit sha1_base64="UooKxE+Ap0GPjEoJEyG2y/HVpa0=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgQkoivpaFunBZwT4gDWUynbRDJ5MwMxFq6Je4caGIWz/FnX/jpM1CWw8MHM65l3vmBAlnSjvOt7Wyura+sVnaKm/v7O5V7P2DtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCcSP3O49UKhaLBz1JqB/hoWAhI1gbqW9XehHWI4I5anjOmev37apTc2ZAy8QtSBUKNPv2V28QkzSiQhOOlfJcJ9F+hqVmhNNpuZcqmmAyxkPqGSpwRJWfzYJP0YlRBiiMpXlCo5n6eyPDkVKTKDCTeUy16OXif56X6vDGz5hIUk0FmR8KU450jPIW0IBJSjSfGIKJZCYrIiMsMdGmq7IpwV388jJpn9fcq9rl/UW1flvUUYIjOIZTcOEa6nAHTWgBgRSe4RXerCfrxXq3PuajK1axcwh/YH3+ADhYkis=</latexit>

C[0, 1] <latexit sha1_base64="UROJncMtj58vjIA0+kXyVnNJZYE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBg5RE/DoW9OCxgmkLaSib7aZdu9kNuxuhhP4HLx4U8er/8ea/cdvmoNUHA4/3ZpiZF6WcaeO6X05paXllda28XtnY3Nreqe7utbTMFKE+kVyqToQ15UxQ3zDDaSdVFCcRp+1odD31249UaSbFvRmnNEzwQLCYEWys1PID98QLe9WaW3dnQH+JV5AaFGj2qp/dviRZQoUhHGsdeG5qwhwrwwink0o30zTFZIQHNLBU4ITqMJ9dO0FHVumjWCpbwqCZ+nMix4nW4ySynQk2Q73oTcX/vCAz8VWYM5FmhgoyXxRnHBmJpq+jPlOUGD62BBPF7K2IDLHCxNiAKjYEb/Hlv6R1Wvcu6ud3Z7XGTRFHGQ7gEI7Bg0towC00wQcCD/AEL/DqSOfZeXPe560lp5jZh19wPr4BXn6OXA==</latexit>

U [0, 1]

<latexit sha1_base64="/icVxeKQMULZ0uXCAJH3tu3LzE0=">AAACJnicbVDLSgMxFM34rPU16tJNsAiuyoz42ghFNy4r2Ad06pBJM21okhknd4pl6Ne48VfcuKiIuPNTTB8L23oh4XAeJPcEseAaHOfbWlpeWV1bz23kN7e2d3btvf2qjtKEsgqNRJTUA6KZ4IpVgINg9ThhRAaC1YLu7Uiv9ViieaQeoB+zpiRtxUNOCRjKt689ICn2TIayJz+jzwPsSUPwMDSXAt95dHGvNXEJNsPJ1LcLTtEZD14E7hQU0HTKvj30WhFNJVNABdG64ToxNDOSAKeCDfJeqllMaJe0WcNARSTTzWy85gAfG6aFwygxRwEes38TGZFa92VgnJJAR89rI/I/rZFCeNXMuIpTYIpOHgpTgSHCo85wi5t6QPQNIDTh5q+YdkhCKJhm86YEd37lRVA9LboXxfP7s0LpZlpHDh2iI3SCXHSJSugOlVEFUfSC3tAQfViv1rv1aX1NrEvWNHOAZsb6+QUW0KTp</latexit>

⌧ �cx µ ()
Z 1

0
vd⌧ 

Z 1

0
vdµ

<latexit sha1_base64="WvGbK8fi9MU/M0cCHfEIiwZ9r8I=">AAACFXicbVDJSgNBFOyJW4zbqEcvjUHwEMKMuOEp6MVjFLPAzBB6Oj1Jk56F7jchYchPePFXvHhQxKvgzb+xsxw0saChqHqPrld+IrgCy/o2ckvLK6tr+fXCxubW9o65u1dXcSopq9FYxLLpE8UEj1gNOAjWTCQjoS9Yw+/djP1Gn0nF4+gBhgnzQtKJeMApAS21zJIbxJIIgftXjlWyPRdiNyTQ9X18j11gA8gw7Q9KmIIatcyiVbYmwIvEnpEimqHaMr/cdkzTkEVABVHKsa0EvIxI4FSwUcFNFUsI7ZEOczSNSMiUl02uGuEjrbSxjqdfBHii/t7ISKjUMPT15DixmvfG4n+ek0Jw6WU8SlJgEZ1+FKQCQ4zHFeE2l4yCGGpCqOQ6K6ZdIgkFXWRBl2DPn7xI6idl+7x8dndarFzP6sijA3SIjpGNLlAF3aIqqiGKHtEzekVvxpPxYrwbH9PRnDHb2Ud/YHz+APeQnhk=</latexit>

8v : [0, 1] ! R cvx, cts
<latexit sha1_base64="b3mvrjW6zjYepwN+05e9TvHTIWY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIX3gq6MFjBdMW0lA22027dHcTdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpRypo3rfjtLyyura+uljfLm1vbObmVvv6mTTBHqk4Qnqh1hTTmT1DfMcNpOFcUi4rQVDW8nfuuJKs0S+WhGKQ0F7ksWM4KNlVp+4J564U23UnVr7hRokXgFqUKBRrfy1eklJBNUGsKx1oHnpibMsTKMcDoudzJNU0yGuE8DSyUWVIf59NwxOrZKD8WJsiUNmqq/J3IstB6JyHYKbAZ63puI/3lBZuLrMGcyzQyVZLYozjgyCZr8jnpMUWL4yBJMFLO3IjLAChNjEyrbELz5lxdJ86zmXdYuHs6r9bsijhIcwhGcgAdXUId7aIAPBIbwDK/w5qTOi/PufMxal5xi5gD+wPn8AdzujqA=</latexit>

U [0, 1] :

<latexit sha1_base64="3iG2CO3VoslRislwxa+sYatT2RQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBREpS/DoW9OCxgmkLaSyb7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyScKW3b31ZhaXllda24XtrY3NreKe/uNVWcSkJdEvNYtgOsKGeCupppTtuJpDgKOG0Fw+uJ33qiUrFY3OtRQv0I9wULGcHaSG3Xs08d/+GkW67YVXsKtEicnFQgR6Nb/ur0YpJGVGjCsVKeYyfaz7DUjHA6LnVSRRNMhrhPPUMFjqjys+m9Y3RklB4KY2lKaDRVf09kOFJqFAWmM8J6oOa9ifif56U6vPIzJpJUU0Fmi8KUIx2jyfOoxyQlmo8MwUQycysiAywx0SaikgnBmX95kTRrVeeien53Vqnf5HEU4QAO4RgcuIQ63EIDXCDA4Rle4c16tF6sd+tj1lqw8pl9+APr8wd6HY74</latexit>

U [0, 1]⇤

Formulation as a (PLPD)!

<latexit sha1_base64="265RZ0uZOeVM8FMDbAfcp7/EcJM=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiCIhzAjbhchogePEcyCyRh6Op2kSU/P0F0jhCF/4cWDIl79G2/+jZ3loIkPCh7vVVFVL4ilMOi6305mYXFpeSW7mltb39jcym/vVE2UaMYrLJKRrgfUcCkUr6BAyeux5jQMJK8F/euRX3vi2ohI3eMg5n5Iu0p0BKNopYerx6Mm0oRckla+4BbdMcg88aakAFOUW/mvZjtiScgVMkmNaXhujH5KNQom+TDXTAyPKevTLm9YqmjIjZ+OLx6SA6u0SSfSthSSsfp7IqWhMYMwsJ0hxZ6Z9Ubif14jwc6FnwoVJ8gVmyzqJJJgREbvk7bQnKEcWEKZFvZWwnpUU4Y2pJwNwZt9eZ5Uj4veWfH07qRQupnGkYU92IdD8OAcSnALZagAAwXP8ApvjnFenHfnY9KacaYzu/AHzucP/KWP1g==</latexit>

A⇤⌧ =
<latexit sha1_base64="zaFfLmE2un98h7595AO936UFXsU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ0YPHiOYByRJmJ5NkyOzsMtMrhiWf4MWDIl79Im/+jZNkDxotaCiquunuCmIpDLrul5NbWFxaXsmvFtbWNza3its7dRMlmvEai2SkmwE1XArFayhQ8masOQ0DyRvB8GriNx64NiJS9ziKuR/SvhI9wSha6e7y8aJTLLlldwryl3gZKUGGaqf42e5GLAm5QiapMS3PjdFPqUbBJB8X2onhMWVD2uctSxUNufHT6aljcmCVLulF2pZCMlV/TqQ0NGYUBrYzpDgw895E/M9rJdg791Oh4gS5YrNFvUQSjMjkb9IVmjOUI0so08LeStiAasrQplOwIXjzL/8l9aOyd1o+uT0uVa6zOPKwB/twCB6cQQVuoAo1YNCHJ3iBV0c6z86b8z5rzTnZzC78gvPxDfPejZo=</latexit>

Ax = <latexit sha1_base64="K5r3I4oECQ4kjguipu8CxRESwiE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NADx4TMA9IljA76SRjZmeXmVkxLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqLSPJL3ZhyjH9KB5H3OqLFS7albLLlldwayTLyMlCBDtVv86vQiloQoDRNU67bnxsZPqTKcCZwUOonGmLIRHWDbUklD1H46O3RCTqzSI/1I2ZKGzNTfEykNtR6Hge0MqRnqRW8q/ue1E9O/9lMu48SgZPNF/UQQE5Hp16THFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGmdl77J8UTsvVW6zOPJwBMdwCh5cQQXuoAp1YIDwDK/w5jw4L8678zFvzTnZzCH8gfP5A+oTjQg=</latexit>x

<latexit sha1_base64="dQFljYFha5OySiNWfqE6fWphyQo=">AAACF3icbVDLSsNAFJ34rPVVdelmsAiuQiK+lgVduKxgH9DEMJlM2qGTSczcFEvoX7jxV9y4UMSt7vwbp20W2npg4HDOPdy5x08EV2BZ38bC4tLyympprby+sbm1XdnZbao4Sylr0FjEadsnigkuWQM4CNZOUkYiX7CW378c+60BSxWP5S0ME+ZGpCt5yCkBLXkV08KODlB27+X0YYQdIBl2eBhibQimqQTPurPxIBhbXqVqmdYEeJ7YBamiAnWv8uUEMc0iJoEKolTHthJwc5ICp4KNyk6mWEJon3RZR1NJIqbcfHLXCB9qJcBhnOonAU/U34mcREoNI19PRgR6atYbi/95nQzCCzfnMsmASTpdFGYCQ4zHJeGA60pADDUhNOX6r5j2SEoo6CrLugR79uR50jw27TPz9OakWrsq6iihfXSAjpCNzlENXaM6aiCKHtEzekVvxpPxYrwbH9PRBaPI7KE/MD5/ANDUnno=</latexit>

0 �cx ⌧ () 0 
Z 1

0
vd⌧



Formulation as a (PLP)
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<latexit sha1_base64="WvGbK8fi9MU/M0cCHfEIiwZ9r8I=">AAACFXicbVDJSgNBFOyJW4zbqEcvjUHwEMKMuOEp6MVjFLPAzBB6Oj1Jk56F7jchYchPePFXvHhQxKvgzb+xsxw0saChqHqPrld+IrgCy/o2ckvLK6tr+fXCxubW9o65u1dXcSopq9FYxLLpE8UEj1gNOAjWTCQjoS9Yw+/djP1Gn0nF4+gBhgnzQtKJeMApAS21zJIbxJIIgftXjlWyPRdiNyTQ9X18j11gA8gw7Q9KmIIatcyiVbYmwIvEnpEimqHaMr/cdkzTkEVABVHKsa0EvIxI4FSwUcFNFUsI7ZEOczSNSMiUl02uGuEjrbSxjqdfBHii/t7ISKjUMPT15DixmvfG4n+ek0Jw6WU8SlJgEZ1+FKQCQ4zHFeE2l4yCGGpCqOQ6K6ZdIgkFXWRBl2DPn7xI6idl+7x8dndarFzP6sijA3SIjpGNLlAF3aIqqiGKHtEzekVvxpPxYrwbH9PRnDHb2Ud/YHz+APeQnhk=</latexit>

8v : [0, 1] ! R cvx, cts
<latexit sha1_base64="b3mvrjW6zjYepwN+05e9TvHTIWY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIX3gq6MFjBdMW0lA22027dHcTdjdCCf0RXjwo4tXf481/47bNQVsfDDzem2FmXpRypo3rfjtLyyura+uljfLm1vbObmVvv6mTTBHqk4Qnqh1hTTmT1DfMcNpOFcUi4rQVDW8nfuuJKs0S+WhGKQ0F7ksWM4KNlVp+4J564U23UnVr7hRokXgFqUKBRrfy1eklJBNUGsKx1oHnpibMsTKMcDoudzJNU0yGuE8DSyUWVIf59NwxOrZKD8WJsiUNmqq/J3IstB6JyHYKbAZ63puI/3lBZuLrMGcyzQyVZLYozjgyCZr8jnpMUWL4yBJMFLO3IjLAChNjEyrbELz5lxdJ86zmXdYuHs6r9bsijhIcwhGcgAdXUId7aIAPBIbwDK/w5qTOi/PufMxal5xi5gD+wPn8AdzujqA=</latexit>

U [0, 1] :

(i) Apply BMT (using 
a heavy compactness 
result)

(ii) Show ZDG using 
Slater or tricks

(iii) Apply CS for 
structure

<latexit sha1_base64="8MMg7cKrcDT8gWmuUlw1yrT4rlM="></latexit>

max
⌧

Z 1

0
ud⌧

s.t. ⌧ �cx µ

⌧ ⌫ 0

<latexit sha1_base64="quHoH5GHl0LnrAvUVL3cJXqkwto=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGkSEnE17KiC5cV7AOSNEymk3boZBJnJkIJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXuChFGpLOvbmJtfWFxaLqwUV9fWNzbNre2GjFOBSR3HLBatAEnCKCd1RRUjrUQQFAWMNIP+1chvPhAhaczv1CAhXoS6nIYUI6Ul39y7bJddhVLo6hgm935Wd6wj22uXh9CNUt8sWRVrDDhL7JyUQI6ab365nRinEeEKMySlY1uJ8jIkFMWMDItuKkmCcB91iaMpRxGRXja+YwgPtNKBYSz04wqO1d+JDEVSDqJAT0ZI9eS0NxL/85xUhRdeRnmSKsLxZFGYMqhiOCoFdqg+XrGBJggLqv8KcQ8JhJWurqhLsKdPniWN44p9Vjm9PSlVr/M6CmAX7INDYINzUAU3oAbqAINH8AxewZvxZLwY78bHZHTOyDM74A+Mzx8ByJgl</latexit>

A⇤⌧ �U [0,1]⇤ µ
<latexit sha1_base64="aCM2TO03O8ap53wiq1l6H8LFICQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgKCURX8uCLtwIFewDkhAm00k7dPJwHkIJ3bvxV9y4UMStP+DOv3HSZqGtBy4czrmXe+8JUkaFtKxvo7SwuLS8Ul6trK1vbG6Z2zttkSiOSQsnLOHdAAnCaExakkpGuiknKAoY6QTDy9zvPBAuaBLfyVFKvAj1YxpSjKSWfLPqSqSgKxTG5N7P3AjJAUYM3jjWke35h2No+WbNqlsTwHliF6QGCjR988vtJVhFJJaYISEc20qllyEuKWZkXHGVICnCQ9QnjqYxiojwsskvY7ivlR4ME64rlnCi/p7IUCTEKAp0Z36rmPVy8T/PUTK88DIap0qSGE8XhYpBmcA8GNijnGDJRpogzKm+FeIB4ghLHV9Fh2DPvjxP2sd1+6x+entSa1wVcZTBHqiCA2CDc9AA16AJWgCDR/AMXsGb8WS8GO/Gx7S1ZBQzu+APjM8fFUmZyg==</latexit>

⌧ ⌫M[0,1]+ 0

<latexit sha1_base64="dmrReTWN60ZmNDg6pE4kP1NyJs8="></latexit>

min
x2X

hx, ciX

s.t. Ax ⌫K b

x ⌫C 0

<latexit sha1_base64="apLZW1tCw/ONm1rMc0ftzo/UCEU=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KGVG1Los6MKNUME+oDOUO2nahmYyQ5IRy9BPceOvuHGhiO70a0yns9DWA4Fzz7mX3Hv8iDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtHxTlTNCGZprTdiQpBD6nLX90OfVb91QqFoo7PY6oF8BAsD4joI3ULVbdAB66iashxi4T2JR6SIDjm45ddrwJdjmIAac4LuNZk0zrbrFkV+wUeJE4GSmhDPVu8dPthSQOqNCEg1Idx460l4DUjHA6KbixohGQEQxox1ABAVVekh44wUdG6eF+KM0TGqfq74kEAqXGgW86p/ureW8q/ud1Yt2/8BImolhTQWYf9WOOdYinaeEek5RoPjYEiGRmV0yGIIFok2nBhODMn7xImicV57xydntaql1lceTRATpEx8hBVVRD16iOGoigR/SMXtGb9WS9WO/Wx6w1Z2Uz++gPrO8f/iOiQg==</latexit>

max
⌧2M[0,1]

hu, ⌧i
<latexit sha1_base64="2DqnIXtN7L/J67e5sfP9jGl7YMY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIr2WlLlxWsA9IQphMJ+3QySTOTIQSunXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv994TJIxKZVnfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0gmGjdzvPBAhaczv1CghXoT6nIYUI6Ul34RXCXRlijG59zM3QmqAEYMNxzq2Pf9oDFPfrFo1awI4T+yCVEGBpm9+ub0YpxHhCjMkpWNbifIyJBTFjIwrbipJgvAQ9YmjKUcRkV42+WQMD7TSg2EsdHEFJ+rviQxFUo6iQHfmt8pZLxf/85xUhZdeRnmSKsLxdFGYMqhimMcCe1QQrNhIE4QF1bdCPEACYaXDq+gQ7NmX50n7pGaf185uT6v16yKOMtgD++AQ2OAC1MENaIIWwOARPINX8GY8GS/Gu/ExbS0Zxcwu+APj8weRiZj8</latexit>

Ap ⌫C[0,1]+ u
<latexit sha1_base64="clLuIvNx031GQZ+lq1AzaGaWGp8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCymJ+FoWdOGygmkLaQiT6U07dPJwZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KUM6ks69soLSwuLa+UVytr6xubW+b2TlMmmaDg0IQnoh0QCZzF4CimOLRTASQKOLSCwdXYbz2AkCyJ79QwBS8ivZiFjBKlJd/cS3FHZpTCvZ87rnVseyNs+WbVqlkT4HliF6SKCjR886vTTWgWQawoJ1K6tpUqLydCMcphVOlkElJCB6QHrqYxiUB6+eT6ET7USheHidAVKzxRf0/kJJJyGAW6MyKqL2e9sfif52YqvPRyFqeZgphOF4UZxyrB4yhwlwmgig81IVQwfSumfSIIVTqwig7Bnn15njRPavZ57ez2tFq/LuIoo310gI6QjS5QHd2gBnIQRY/oGb2iN+PJeDHejY9pa8koZnbRHxifP9SqlDA=</latexit>

p ⌫U [0,1] 0
(P) (D)

min
p∈([0,1]

⟨p, μ⟩
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<latexit sha1_base64="dmrReTWN60ZmNDg6pE4kP1NyJs8="></latexit>

min
x2X

hx, ciX

s.t. Ax ⌫K b

x ⌫C 0

<latexit sha1_base64="2DqnIXtN7L/J67e5sfP9jGl7YMY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQlJKIr2WlLlxWsA9IQphMJ+3QySTOTIQSunXjr7hxoYhb/8Cdf+OkzUJbD1w4nHMv994TJIxKZVnfRmlhcWl5pbxaWVvf2Nwyt3faMk4FJi0cs1h0AyQJo5y0FFWMdBNBUBQw0gmGjdzvPBAhaczv1CghXoT6nIYUI6Ul34RXCXRlijG59zM3QmqAEYMNxzq2Pf9oDFPfrFo1awI4T+yCVEGBpm9+ub0YpxHhCjMkpWNbifIyJBTFjIwrbipJgvAQ9YmjKUcRkV42+WQMD7TSg2EsdHEFJ+rviQxFUo6iQHfmt8pZLxf/85xUhZdeRnmSKsLxdFGYMqhimMcCe1QQrNhIE4QF1bdCPEACYaXDq+gQ7NmX50n7pGaf185uT6v16yKOMtgD++AQ2OAC1MENaIIWwOARPINX8GY8GS/Gu/ExbS0Zxcwu+APj8weRiZj8</latexit>

Ap ⌫C[0,1]+ u
<latexit sha1_base64="clLuIvNx031GQZ+lq1AzaGaWGp8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCymJ+FoWdOGygmkLaQiT6U07dPJwZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KUM6ks69soLSwuLa+UVytr6xubW+b2TlMmmaDg0IQnoh0QCZzF4CimOLRTASQKOLSCwdXYbz2AkCyJ79QwBS8ivZiFjBKlJd/cS3FHZpTCvZ87rnVseyNs+WbVqlkT4HliF6SKCjR886vTTWgWQawoJ1K6tpUqLydCMcphVOlkElJCB6QHrqYxiUB6+eT6ET7USheHidAVKzxRf0/kJJJyGAW6MyKqL2e9sfif52YqvPRyFqeZgphOF4UZxyrB4yhwlwmgig81IVQwfSumfSIIVTqwig7Bnn15njRPavZ57ez2tFq/LuIoo310gI6QjS5QHd2gBnIQRY/oGb2iN+PJeDHejY9pa8koZnbRHxifP9SqlDA=</latexit>

p ⌫U [0,1] 0

(P)

* This is the approach of Dizdar and Kováč.

<latexit sha1_base64="i3P4DNZqA9CVu4KXkP4lkApHQ0k=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIFUqdEW8boVAXboQK9gKdoZxJM21o5kKSEcrQx3Djq7hxoYjb7nwbM20Rbf0h8POdc8g5vxtxJpVpfhmZpeWV1bXsem5jc2t7J7+715BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHVTTevORCsnC4EENI+r40AuYxwgojTr5E1tBjK+xLVnPh6Ltg+oT4LjaNkuWU8I/4G4Cjjv5glk2J8KLxpqZApqp1smP7W5IYp8GinCQsm2ZkXISEIoRTkc5O5Y0AjKAHm1rG4BPpZNMDhvhI0262AuFfoHCE/p7IgFfyqHv6s50TzlfS+F/tXasvCsnYUEUKxqQ6UdezLEKcZoS7jJBieJDbYAIpnfFpA8CiNJZ5nQI1vzJi6ZxWrYuyuf3Z4XKzSyOLDpAh6iILHSJKugW1VAdEfSEXtAbejeejVfjw/ictmaM2cw++iNj/A1r8Z2A</latexit>

⌧ = �(C[0, 1],M[0, 1])

<latexit sha1_base64="EPefc5Kdi26/wY2L4DHrfUkds4Y=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEoivpaFunBZwT4gCWEynbRDJ5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPkDAqlWV9G6WFxaXllfJqZW19Y3PL3N5pyzgVmLRwzGLRDZAkjHLSUlQx0k0EQVHASCcYNnK/80CEpDG/U6OEeBHqcxpSjJSWfHM/ga5MMSb3fuZGSA0wYrDhWCe25x+PYeqbVatmTQDniV2QKijQ9M0vtxfjNCJcYYakdGwrUV6GhKKYkXHFTSVJEB6iPnE05Sgi0ssmj4zhoVZ6MIyFLq7gRP09kaFIylEU6M78Vjnr5eJ/npOq8MrLKE9SRTieLgpTBlUM81RgjwqCFRtpgrCg+laIB0ggrHR2FR2CPfvyPGmf1uyL2vntWbV+XcRRBnvgABwBG1yCOrgBTdACGDyCZ/AK3own48V4Nz6mrSWjmNkFf2B8/gAB55ix</latexit>

p ⌫C[0,1]+ u

Idea:

• p is convex and 
continuous so p’ exists 
a.e. and must be uniformly 
bounded

?

?

• p is thus uniformly 
bounded and Lipschitz with 
same constant, which 
implies equicts

• norm compact implies weak 
compact

• Without loss of optimality, 
p should not be much bigger 
than u.

min
p∈([0,1]

⟨p, μ⟩
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<latexit sha1_base64="8MMg7cKrcDT8gWmuUlw1yrT4rlM="></latexit>

max
⌧

Z 1

0
ud⌧

s.t. ⌧ �cx µ

⌧ ⌫ 0

<latexit sha1_base64="quHoH5GHl0LnrAvUVL3cJXqkwto=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGkSEnE17KiC5cV7AOSNEymk3boZBJnJkIJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXuChFGpLOvbmJtfWFxaLqwUV9fWNzbNre2GjFOBSR3HLBatAEnCKCd1RRUjrUQQFAWMNIP+1chvPhAhaczv1CAhXoS6nIYUI6Ul39y7bJddhVLo6hgm935Wd6wj22uXh9CNUt8sWRVrDDhL7JyUQI6ab365nRinEeEKMySlY1uJ8jIkFMWMDItuKkmCcB91iaMpRxGRXja+YwgPtNKBYSz04wqO1d+JDEVSDqJAT0ZI9eS0NxL/85xUhRdeRnmSKsLxZFGYMqhiOCoFdqg+XrGBJggLqv8KcQ8JhJWurqhLsKdPniWN44p9Vjm9PSlVr/M6CmAX7INDYINzUAU3oAbqAINH8AxewZvxZLwY78bHZHTOyDM74A+Mzx8ByJgl</latexit>

A⇤⌧ �U [0,1]⇤ µ
<latexit sha1_base64="aCM2TO03O8ap53wiq1l6H8LFICQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgKCURX8uCLtwIFewDkhAm00k7dPJwHkIJ3bvxV9y4UMStP+DOv3HSZqGtBy4czrmXe+8JUkaFtKxvo7SwuLS8Ul6trK1vbG6Z2zttkSiOSQsnLOHdAAnCaExakkpGuiknKAoY6QTDy9zvPBAuaBLfyVFKvAj1YxpSjKSWfLPqSqSgKxTG5N7P3AjJAUYM3jjWke35h2No+WbNqlsTwHliF6QGCjR988vtJVhFJJaYISEc20qllyEuKWZkXHGVICnCQ9QnjqYxiojwsskvY7ivlR4ME64rlnCi/p7IUCTEKAp0Z36rmPVy8T/PUTK88DIap0qSGE8XhYpBmcA8GNijnGDJRpogzKm+FeIB4ghLHV9Fh2DPvjxP2sd1+6x+entSa1wVcZTBHqiCA2CDc9AA16AJWgCDR/AMXsGb8WS8GO/Gx7S1ZBQzu+APjM8fFUmZyg==</latexit>

⌧ ⌫M[0,1]+ 0

<latexit sha1_base64="apLZW1tCw/ONm1rMc0ftzo/UCEU=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KGVG1Los6MKNUME+oDOUO2nahmYyQ5IRy9BPceOvuHGhiO70a0yns9DWA4Fzz7mX3Hv8iDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtHxTlTNCGZprTdiQpBD6nLX90OfVb91QqFoo7PY6oF8BAsD4joI3ULVbdAB66iashxi4T2JR6SIDjm45ddrwJdjmIAac4LuNZk0zrbrFkV+wUeJE4GSmhDPVu8dPthSQOqNCEg1Idx460l4DUjHA6KbixohGQEQxox1ABAVVekh44wUdG6eF+KM0TGqfq74kEAqXGgW86p/ureW8q/ud1Yt2/8BImolhTQWYf9WOOdYinaeEek5RoPjYEiGRmV0yGIIFok2nBhODMn7xImicV57xydntaql1lceTRATpEx8hBVVRD16iOGoigR/SMXtGb9WS9WO/Wx6w1Z2Uz++gPrO8f/iOiQg==</latexit>

max
⌧2M[0,1]

hu, ⌧i
(D)

* This is the approach of Kleiner, Moldovanu, and Strack, ECMA, 2021.

?

?

<latexit sha1_base64="m3B9D2e40sifbddrI808u6kclRw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgIiURX8uCLlxWMG0hiWEynbRDZ5I4MxFK6MKNv+LGhSJu/Qh3/o3TNgttPTBwOOce7twTpoxKZVnfRmlhcWl5pbxaWVvf2Nwyt3daMskEJg5OWCI6IZKE0Zg4iipGOqkgiIeMtMPB5dhvPxAhaRLfqmFKfI56MY0oRkpLgVn1FMqgpzOY3Ae541pHtn93OIIezwKzZtWtCeA8sQtSAwWagfnldROccRIrzJCUrm2lys+RUBQzMqp4mSQpwgPUI66mMeJE+vnkiBHc10oXRonQL1Zwov5O5IhLOeShnuRI9eWsNxb/89xMRRd+TuM0UyTG00VRxqBK4LgR2KX6eMWGmiAsqP4rxH0kEFa6t4ouwZ49eZ60juv2Wf305qTWuCrqKIMq2AMHwAbnoAGuQRM4AINH8AxewZvxZLwY78bHdLRkFJld8AfG5w9LSJc+</latexit>

⌧ �U [0,1]⇤ µ

<latexit sha1_base64="b3SDrqrjBuCGK6zZr6+VTAxpA0o=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIFUqdEW8boVAXboQK9gKdoZxJM21o5kKSEcrQx3Djq7hxoYjb7nwbM20Rbf0h8POdc8g5vxtxJpVpfhmZpeWV1bXsem5jc2t7J7+715BhLAitk5CHouWCpJwFtK6Y4rQVCQq+y2nTHVTTevORCsnC4EENI+r40AuYxwgojTr5E1tBjK+xLVnPh6Ltg+oT4PiubZYsp4R/QHUCjjv5glk2J8KLxpqZApqp1smP7W5IYp8GinCQsm2ZkXISEIoRTkc5O5Y0AjKAHm1rG4BPpZNMDhvhI0262AuFfoHCE/p7IgFfyqHv6s50TzlfS+F/tXasvCsnYUEUKxqQ6UdezLEKcZoS7jJBieJDbYAIpnfFpA8CiNJZ5nQI1vzJi6ZxWrYuyuf3Z4XKzSyOLDpAh6iILHSJKugW1VAdEfSEXtAbejeejVfjw/ictmaM2cw++iNj/A1sm52A</latexit>

⌧ = �(M[0, 1], C[0, 1])

?

Idea:

• μ ~ F CDF, and τ ~ G CDF

• F,G:[0,1] → [0,1], 
nondecreasing, right-cts, in 
L1

•
<latexit sha1_base64="AleFOHQ0GPC2rVXoU6p4lwrbtRk=">AAAB8HicbVDLSgNBEOyNrxhfqx69DAbBU9gVX3gKCOoxgnlIsoTZyWwyZGZ2mZkVwpKv8OJBEa9+jjf/xkmyB00saCiquunuChPOtPG8b6ewtLyyulZcL21sbm3vuLt7DR2nitA6iXmsWiHWlDNJ64YZTluJoliEnDbD4fXEbz5RpVksH8wooYHAfckiRrCx0uMt6uiUEHTTdctexZsCLRI/J2XIUeu6X51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNj14jI6s0kNRrGxJg6bq74kMC61HIrSdApuBnvcm4n9eOzXRZZAxmaSGSjJbFKUcmRhNvkc9pigxfGQJJorZWxEZYIWJsRmVbAj+/MuLpHFS8c8rZ/en5epVHkcRDuAQjsGHC6jCHdSgDgQEPMMrvDnKeXHenY9Za8HJZ/bhD5zPH7ISj60=</latexit>

G � F

<latexit sha1_base64="uKs1CunXjj+tZAMYhfv2DLaQygo=">AAACM3icbZDLSgMxFIYz9VbrbdSlm2BR6qbMiDcEoSCouKpgL9CpJZOmbWgmMyRnhFL6Tm58EReCuFDEre9geqHU1gOBn+/8h5Pz+5HgGhznzUrMzS8sLiWXUyura+sb9uZWUYexoqxAQxGqsk80E1yyAnAQrBwpRgJfsJLfvuz3S49MaR7Ke+hErBqQpuQNTgkYVLNvPS6hBg8uvs7og7rG+16T4TG8GkLPSw2QM+G7wGM0dNXstJN1BoVnhTsSaTSqfM1+8eohjQMmgQqidcV1Iqh2iQJOBeulvFiziNA2abKKkZIETFe7g5t7eM+QOm6EyjwJeEAnJ7ok0LoT+MYZEGjp6V4f/terxNA4q3a5jGJgkg4XNWKBIcT9AHGdK0ZBdIwgVHHzV0xbRBEKJuaUCcGdPnlWFA+z7kn2+O4onTsfxZFEO2gXZZCLTlEO3aA8KiCKntAr+kCf1rP1bn1Z30NrwhrNbKM/Zf38AgslpkY=</latexit>Z 1

t
G(s)ds �

Z 1

t
F (s)ds

Z 1

0
G(s)ds =

Z 1

0
F (s)ds

if

“mean-preserving spread/contraction”

• Reformulate the problem in 
terms of the CDF functions of 
τ.

<latexit sha1_base64="DbvS0qLCbAu/nKhAFheiVjb6yNQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRLxhauCoC4r2Ac0IUymk3boTBLnIZbQH3Djr7hxoYhb9+78G6dtFtp6YOBwzj3cuSdMGZXKcb6twtz8wuJScbm0srq2vmFvbjVkogUmdZywRLRCJAmjMakrqhhppYIgHjLSDPsXI795T4SkSXyrBinxOerGNKIYKSMF9p6nkIaeyWByF2T4YQg9bgQaRfAKelJjDC8Du+xUnDHgLHFzUgY5aoH95XUSrDmJFWZIyrbrpMrPkFAUMzIseVqSFOE+6pK2oTHiRPrZ+Joh3DdKB0aJMC9WcKz+TmSISzngoZnkSPXktDcS//PaWkVnfkbjVCsS48miSDOoEjiqBnaoaUGxgSEIC2r+CnEPCYSVKbBkSnCnT54ljcOKe1I5vjkqV8/zOopgB+yCA+CCU1AF16AG6gCDR/AMXsGb9WS9WO/Wx2S0YOWZbfAH1ucPI2ia7w==</latexit>

⌧ �cx µ () G � F

• Key observations is:
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<latexit sha1_base64="8MMg7cKrcDT8gWmuUlw1yrT4rlM="></latexit>

max
⌧

Z 1

0
ud⌧

s.t. ⌧ �cx µ

⌧ ⌫ 0

<latexit sha1_base64="quHoH5GHl0LnrAvUVL3cJXqkwto=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGkSEnE17KiC5cV7AOSNEymk3boZBJnJkIJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zDnXuChFGpLOvbmJtfWFxaLqwUV9fWNzbNre2GjFOBSR3HLBatAEnCKCd1RRUjrUQQFAWMNIP+1chvPhAhaczv1CAhXoS6nIYUI6Ul39y7bJddhVLo6hgm935Wd6wj22uXh9CNUt8sWRVrDDhL7JyUQI6ab365nRinEeEKMySlY1uJ8jIkFMWMDItuKkmCcB91iaMpRxGRXja+YwgPtNKBYSz04wqO1d+JDEVSDqJAT0ZI9eS0NxL/85xUhRdeRnmSKsLxZFGYMqhiOCoFdqg+XrGBJggLqv8KcQ8JhJWurqhLsKdPniWN44p9Vjm9PSlVr/M6CmAX7INDYINzUAU3oAbqAINH8AxewZvxZLwY78bHZHTOyDM74A+Mzx8ByJgl</latexit>

A⇤⌧ �U [0,1]⇤ µ
<latexit sha1_base64="aCM2TO03O8ap53wiq1l6H8LFICQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4sgKCURX8uCLtwIFewDkhAm00k7dPJwHkIJ3bvxV9y4UMStP+DOv3HSZqGtBy4czrmXe+8JUkaFtKxvo7SwuLS8Ul6trK1vbG6Z2zttkSiOSQsnLOHdAAnCaExakkpGuiknKAoY6QTDy9zvPBAuaBLfyVFKvAj1YxpSjKSWfLPqSqSgKxTG5N7P3AjJAUYM3jjWke35h2No+WbNqlsTwHliF6QGCjR988vtJVhFJJaYISEc20qllyEuKWZkXHGVICnCQ9QnjqYxiojwsskvY7ivlR4ME64rlnCi/p7IUCTEKAp0Z36rmPVy8T/PUTK88DIap0qSGE8XhYpBmcA8GNijnGDJRpogzKm+FeIB4ghLHV9Fh2DPvjxP2sd1+6x+entSa1wVcZTBHqiCA2CDc9AA16AJWgCDR/AMXsGb8WS8GO/Gx7S1ZBQzu+APjM8fFUmZyg==</latexit>

⌧ ⌫M[0,1]+ 0

<latexit sha1_base64="apLZW1tCw/ONm1rMc0ftzo/UCEU=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KGVG1Los6MKNUME+oDOUO2nahmYyQ5IRy9BPceOvuHGhiO70a0yns9DWA4Fzz7mX3Hv8iDOlbfvLyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtHxTlTNCGZprTdiQpBD6nLX90OfVb91QqFoo7PY6oF8BAsD4joI3ULVbdAB66iashxi4T2JR6SIDjm45ddrwJdjmIAac4LuNZk0zrbrFkV+wUeJE4GSmhDPVu8dPthSQOqNCEg1Idx460l4DUjHA6KbixohGQEQxox1ABAVVekh44wUdG6eF+KM0TGqfq74kEAqXGgW86p/ureW8q/ud1Yt2/8BImolhTQWYf9WOOdYinaeEek5RoPjYEiGRmV0yGIIFok2nBhODMn7xImicV57xydntaql1lceTRATpEx8hBVVRD16iOGoigR/SMXtGb9WS9WO/Wx6w1Z2Uz++gPrO8f/iOiQg==</latexit>

max
⌧2M[0,1]

hu, ⌧i
(D)

?

<latexit sha1_base64="m3B9D2e40sifbddrI808u6kclRw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBosgIiURX8uCLlxWMG0hiWEynbRDZ5I4MxFK6MKNv+LGhSJu/Qh3/o3TNgttPTBwOOce7twTpoxKZVnfRmlhcWl5pbxaWVvf2Nwyt3daMskEJg5OWCI6IZKE0Zg4iipGOqkgiIeMtMPB5dhvPxAhaRLfqmFKfI56MY0oRkpLgVn1FMqgpzOY3Ae541pHtn93OIIezwKzZtWtCeA8sQtSAwWagfnldROccRIrzJCUrm2lys+RUBQzMqp4mSQpwgPUI66mMeJE+vnkiBHc10oXRonQL1Zwov5O5IhLOeShnuRI9eWsNxb/89xMRRd+TuM0UyTG00VRxqBK4LgR2KX6eMWGmiAsqP4rxH0kEFa6t4ouwZ49eZ60juv2Wf305qTWuCrqKIMq2AMHwAbnoAGuQRM4AINH8AxewZvxZLwY78bHdLRkFJld8AfG5w9LSJc+</latexit>

⌧ �U [0,1]⇤ µ

<latexit sha1_base64="F62NPuisZH16mbofSgbVzgbn9uI=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0ISURX8uCQl24qGAfkMQwmUzaoZMHMxOxhH6CG3/FjQtF3Lp05984abPQ1gMXDufcy733eAmjQhrGt1aam19YXCovV1ZW19Y39M2ttohTjkkLxyzmXQ8JwmhEWpJKRroJJyj0GOl4g4vc79wTLmgc3cphQpwQ9SIaUIykklx93w7Rg5s1oE0jqLjsY8Tg9Z1pGYemM8plCVO/4epVo2aMAWeJWZAqKNB09S/bj3EakkhihoSwTCORToa4pJiRUcVOBUkQHqAesRSNUEiEk40fGsE9pfgwiLkqtX+s/p7IUCjEMPRUZ36ymPZy8T/PSmVw7mQ0SlJJIjxZFKQMyhjm6UCfcoIlGyqCMKfqVoj7iCMsVYYVFYI5/fIsaR/VzNPayc1xtX5ZxFEGO2AXHAATnIE6uAJN0AIYPIJn8AretCftRXvXPiatJa2Y2QZ/oH3+AC6rm20=</latexit>

max
G2L1[0,1]

Z
udG

<latexit sha1_base64="8qZWRS/LpyITgbNAFhldWqa+v3Y=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiTia1lQ1GUF+4AmlMl00g6dTMLMjVhCf8WNC0Xc+iPu/BunbRZaPZcLh3PuZe6cMBVcg+t+WaWl5ZXVtfJ6ZWNza3vH3q22dJIpypo0EYnqhEQzwSVrAgfBOqliJA4Fa4ejy6nffmBK80TewzhlQUwGkkecEjBSz65qBxzsm7rBvs4oxdc9u+Y67gz4L/EKUkMFGj370+8nNIuZBCqI1l3PTSHIiQJOBZtU/EyzlNARGbCuoZLETAf57PYJPjRKH0eJMi0Bz9SfGzmJtR7HoZmMCQz1ojcV//O6GUQXQc5lmgGTdP5QlAkMCZ4GgftcMQpibAihiptbMR0SRSiYuComBG/xy39J69jxzpzTu5Na/aqIo4z20QE6Qh46R3V0ixqoiSh6RE/oBb1aE+vZerPe56Mlq9jZQ79gfXwDLCOSnQ==</latexit>

s.t. G � F
<latexit sha1_base64="svzxgluU9C7ooBakj1dEoXGD2Qs=">AAACAHicbVC7SgNBFJ31GeMramFhMxgEq7ArvsqAgpYRzAOSJczO3iRDZmeXmbtiWNL4KzYWitj6GXb+jZNHoYkHBg7n3MOde4JECoOu++0sLC4tr6zm1vLrG5tb24Wd3ZqJU82hymMZ60bADEihoIoCJTQSDSwKJNSD/tXIrz+ANiJW9zhIwI9YV4mO4Ayt1C7s39AWwiNmVMUqBG6zRqjusF0ouiV3DDpPvCkpkikq7cJXK4x5GoFCLpkxTc9N0M+YRsElDPOt1EDCeJ91oWmpYhEYPxsfMKRHVglpJ9b2KaRj9XciY5ExgyiwkxHDnpn1RuJ/XjPFzqWfCZWkCIpPFnVSSTGmozZoKDRwlANLGNfC/pXyHtOMo+0sb0vwZk+eJ7WTkndeOrs7LZavp3XkyAE5JMfEIxekTG5JhVQJJ0PyTF7Jm/PkvDjvzsdkdMGZZvbIHzifP9zOlp0=</latexit>

G nondecreasing
<latexit sha1_base64="rwygIOuu75SnGJW+xBx1CGGrMEo=">AAACCXicbZDJSgNBEIZ7XGPcoh69NAYhXoYZcTsGFPQYwSyQCaGnU0ma9Cx014hhyNWLr+LFgyJefQNvvo2dZA6a+EPDx19VVNfvx1JodJxva2FxaXllNbeWX9/Y3Nou7OzWdJQoDlUeyUg1fKZBihCqKFBCI1bAAl9C3R9cjuv1e1BaROEdDmNoBawXiq7gDI3VLlCHehLodQmPJuBSD+EBU8psZtMRxXah6NjORHQe3AyKJFOlXfjyOhFPAgiRS6Z103VibKVMoeASRnkv0RAzPmA9aBoMWQC6lU4uGdFD43RoN1LmhUgn7u+JlAVaDwPfdAYM+3q2Njb/qzUT7F60UhHGCULIp4u6iaQY0XEstCMUcJRDA4wrYf5KeZ8pxtGElzchuLMnz0Pt2HbP7NPbk2L5KosjR/bJASkRl5yTMrkhFVIlnDySZ/JK3qwn68V6tz6mrQtWNrNH/sj6/AEH+Jdp</latexit>

0  G(t)  1 a.a. t

<latexit sha1_base64="rnFna01/Gj2N2Sga99ZaDSK53vw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2VBFy5cVLAP6Iwlk2ba0CQzJBmhDP0NNy4UcevPuPNvzLSz0OqBwOGce7knJ0w408Z1v5zS0vLK6lp5vbKxubW9U93da+s4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTjq9yv/NIlWaxvDeThAYCDyWLGMHGSr4vsBkRzNHtg9ev1ty6OwP6S7yC1KBAs1/99AcxSQWVhnCsdc9zExNkWBlGOJ1W/FTTBJMxHtKepRILqoNslnmKjqwyQFGs7JMGzdSfGxkWWk9EaCfzjHrRy8X/vF5qossgYzJJDZVkfihKOTIxygtAA6YoMXxiCSaK2ayIjLDCxNiaKrYEb/HLf0n7pO6d18/uTmuN66KOMhzAIRyDBxfQgBtoQgsIJPAEL/DqpM6z8+a8z0dLTrGzD7/gfHwDPn2RLw==</latexit>

L1

Remains to show:
<latexit sha1_base64="62Q6woJoeEHoZwGMiwm1rkoj8EU=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUnEF64KinVZwT6gCWUynbZDJ5MwM1FK7Ke4caGIW7/EnX/jtM1CWw9cOJxzL/feE8ScKe0431ZuaXlldS2/XtjY3NresYu7DRUlktA6iXgkWwFWlDNB65ppTluxpDgMOG0Gw6uJ33ygUrFI3OtRTP0Q9wXrMYK1kTp20Uur6BJVkacSQtCNN+7YJafsTIEWiZuREmSodewvrxuRJKRCE46VartOrP0US80Ip+OClygaYzLEfdo2VOCQKj+dnj5Gh0bpol4kTQmNpurviRSHSo3CwHSGWA/UvDcR//Paie5d+CkTcaKpILNFvYQjHaFJDqjLJCWajwzBRDJzKyIDLDHRJq2CCcGdf3mRNI7L7ln59O6kVLnO4sjDPhzAEbhwDhW4hRrUgcAjPMMrvFlP1ov1bn3MWnNWNrMHf2B9/gAlFpKp</latexit>

{G : G � F}
is closed in the 
topology. 

<latexit sha1_base64="rfaBM9WxZoywCnsNK//t8wm4xhA=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwoxGMEs0Amhp5OT9Kkp2forlHCkP/w4kERr/6LN//GznLQ6IOCx3tVVNULEikMuu6Xk1taXlldy68XNja3tneKu3sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwauI3H7g2IlZ3OEp4J6J9JULBKFrpvtpVxMeY+AOKpNotltyyOwX5S7w5KcEctW7x0+/FLI24QiapMW3PTbCTUY2CST4u+KnhCWVD2udtSxWNuOlk06vH5MgqPRLG2pZCMlV/TmQ0MmYUBbYzojgwi95E/M9rpxhedjKhkhS5YrNFYSqJ/XMSAekJzRnKkSWUaWFvJWxANWVogyrYELzFl/+SxknZOy+f3Z6WKtfzOPJwAIdwDB5cQAVuoAZ1YKDhCV7g1Xl0np03533WmnPmM/vwC87HNyH7kaU=</latexit>

Gn ! Ĝ
<latexit sha1_base64="SCma0qlA/IHIrBpOn+c3o7a3JAk=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAUY8RzAM2S5idzCZDZmeXmV4hhHyGFw+KePVrvPk3TpI9aLSgoajqprsrTKUw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZJpxhsskYluh9RwKRRvoEDJ26nmNA4lb4XDq6nfeuTaiEQ94CjlQUz7SkSCUbSSf9tVpGMyxshNt1xxq+4M5C/xclKBHPVu+bPTS1gWc4VMUmN8z00xGFONgkk+KXUyw1PKhrTPfUsVjbkJxrOTJ+TIKj0SJdqWQjJTf06MaWzMKA5tZ0xxYBa9qfif52cYXQZjodIMuWLzRVEmCSZk+j/pCc0ZypEllGlhbyVsQDVlaFMq2RC8xZf/kuZJ1Tuvnt2fVmrXeRxFOIBDOAYPLqAGd1CHBjBI4Ale4NVB59l5c97nrQUnn9mHX3A+vgE9JZCY</latexit>

Gn � F
<latexit sha1_base64="vh1lU/f5zNTJ9D/0pSlQ009MuAU=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgwo6jGCWSAzhp5OT9KkZ6G7RglD/sOLB0W8+i/e/Bs7yRw0+qDg8V4VVfX8RAqNtv1lFRYWl5ZXiqultfWNza3y9k5Tx6livMFiGau2TzWXIuINFCh5O1Gchr7kLX94MfFbD1xpEUd3OEq4F9J+JALBKBrp3h1QJNfE1Slj5KpbrthVewrylzg5qUCOerf86fZiloY8Qiap1h3HTtDLqELBJB+X3FTzhLIh7fOOoRENufay6dVjcmCUHgliZSpCMlV/TmQ01HoU+qYzpDjQ895E/M/rpBice5mIkhR5xGaLglQSjMkkAtITijOUI0MoU8LcStiAKsrQBFUyITjzL/8lzaOqc1o9uT2u1C7zOIqwB/twCA6cQQ1uoA4NYKDgCV7g1Xq0nq03633WWrDymV34BevjGx3rkaI=</latexit>

Ĝ � F

Note:
and <latexit sha1_base64="ESy3dSoTC8qCHzdlDtb/wztayBU=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2NADx4jmAckS5id9CZDZmbXmVkhLPkJLx4U8ervePNvnCR70MSChqKqm+6uMOFMG8/7dgorq2vrG8XN0tb2zu5eef+gqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZuq3nlBpFssHM04wEGQgWcQoMVZqd5mwW1D3yhWv6s3gLhM/JxXIUe+Vv7r9mKYCpaGcaN3xvcQEGVGGUY6TUjfVmBA6IgPsWCqJQB1ks3sn7olV+m4UK1vSuDP190RGhNZjEdpOQcxQL3pT8T+vk5roOsiYTFKDks4XRSl3TexOn3f7TCE1fGwJoYrZW106JIpQYyMq2RD8xZeXSfOs6l9WL+7PK7XbPI4iHMExnIIPV1CDO6hDAyhweIZXeHMenRfn3fmYtxacfOYQ/sD5/AFGBZAl</latexit>

=)



Structure of extreme points
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G is an 
“ironing” of F
Implications 
for the 
structure of 
some optimal 
information 
design 
strategies

(i) Apply BMT (using 
a heavy compactness 
result)

(ii) Show ZDG using 
Slater or tricks

(iii) Apply CS for 
structure



Strong duality
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• u is continuous on [0,1] therefore bounded, by say, B 

• set p(t) = B + 1 for all t, so, p - u is constant fn 1  

<latexit sha1_base64="8DEk3paev6bzUfo5zn1eCbWJLgY="></latexit>

9?p̄ 2 C[0, 1] \ U [0, 1] s.t. p� u 2 intC[0, 1]+

• that function is in  
<latexit sha1_base64="ne/nCg0CJqH1wjlz0FNjw3hM4/8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBUEoivlZS6MZlBfuANJTJdNIOnTyYuRFL6MaNv+LGhSJu/Qd3/o2TNgttPTBwOOde5p7jxYIrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbxhLfNb90wqHoV3MIqZG5B+yH1OCWipa+53gD1AykMY405AYECJwDXHOrHd7nHXLFsVawI8T+yclFGOetf86vQimgQsBCqIUo5txeCmRAKngo1LnUSxmNAh6TNH05AETLnpJMUYH2qlh/1I6hcCnqi/N1ISKDUKPD2ZHapmvUz8z3MS8K9cHTFOgIV0+pGfCAwRzirBPS4ZBTHShFDJ9a2YDogkFHRxJV2CPRt5njRPK/ZF5fz2rFy9zusooj10gI6QjS5RFd2gOmogih7RM3pFb8aT8WK8Gx/T0YKR7+yiPzA+fwAx9Je1</latexit>

intC[0, 1]+
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Final step
(i) Apply BMT (using 
a heavy compactness 
result)

(ii) Show ZDG using 
Slater or tricks

(iii) Apply CS for 
structure

<latexit sha1_base64="e2zDtSwXMV+/HhkkQR03I2vMqRU="></latexit>

hp̂, µ� ⌧⇤i = 0

h⌧⇤, p̂� ui = 0
Dworczak and Martini craft insights based on 
this and related facts.

Note: they can relax the assumption u is cts.



Tricks 
and 
insights

Modeling

“Why”?
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Formulating

LP theory 
for 
structure

Insightful 
observations Knowing 

your 
target

Understanding 
your tools
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Thank 
you for 

listening !


