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Motivation

Image search

Relevance

only:

Relevance

+ diversity:

Motivation

Figure 1: Jaguar query, from A. Kulesza's slides

2/ 27


https://indico.math.cnrs.fr/event/907/picture/20.pdf

Motivation

Motivation

Text summarization (Kulesza and Taskar, 2012)

Figure 1. Extractive summarization
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Definitions - Properties
Definition

» {1,..., N} indices/labels of items

K > 0y similarity matrix

DPP(K) measure on subsets of {1,..., N}
X ~DPP(K) if VS C {1,...,N},

vV vV

P[S C X] = detKs

v

Existence is guaranteed when Oy < K <l
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Definitions - Properties

Diversity selection

> If X ~ DPP(K), then Vi, j
=P[i € X]P[j € X] - K}
<P[li e X]P[j € X]

P[{i,j} € Xl =

> |Kjj| = similarity between i and j
> The larger |Kj| the smaller P[{i,j} C X]
> Diversity/repulsion
> |Kj| yields departure from independence

DPPs intrinsically capture diversity/repulsion!



Definitions - Properties

Some examples

Carries
X; 0 3 6 5 4 7 3 0 9
X1t mod b 48 5 8 8 1 P[Ci=e=1(1-1)
C,' o O e O e O o e
. Carries : : oo : :
«ee Bernoulli © 20 40 60 80 100

Figure 2: Carries process
Uniform spanning trees (Lyons, 2003)

Figure 3: A graph and 2 of its spanning trees
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Definitions - Properties

Projection DPPs

» SpK={0,1}
» X E TrK=rkK=r
> Projection DPPs sample r-subsets of items:

» Summaries made of r sentences
» Bags of r images
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Definitions - Properties

Setup

In the following, we build the r x N feature matrix

A= (Vaol...lv/anon)

And construct the projection kernel onto Im AT
K=AT[AAT] 'A

» rkK=r
Let B={i,...,i}, then

|det A.5|?
P[BQX]:P[X:B]:W
Notation
» Az £B
> P[X = B] o Vol* {\/gi¢; i € B} £ VoI’ B
» B= {B;|B| = r,det B # 0}, collection of cols of A forming a basis of R"
» DPP(K) has support B
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Exact sampling

Exact sampling procedure
» K is a (orthogonal) projection matrix
K=A"[AAT] 'A
— Z U@y
i=1
== X
> @ is a r x N feature matrix with
on=(u,...,u?)"
» How to sample B with

P[X = B] = detKp
= |det ®.5|* = Vol* {¢; ; i € B}
« |det A.g|* = Vol? {,/qi¢; ; i € B}
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Exact sampling

Exact sampling procedure

> Chain rule &~ Gram-Schmidt orthogonalization of ®

Pliv = i] o< [[il?
P[i = i|i] o dist? (7, Span {3 })

P [lr = i‘il:r—l] X di5t2 (SOI" Span {90:'1’ RS @fr—l})

» equivalent to Base x Height formula

Plit,....i] o< Vol? {@i, ..., ;i } = |det d.; |

o Vol* { /G by, - -/, } = |det Ay, |
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Exact sampling

Exact sampling procedure

> Chain rule &~ Gram-Schmidt orthogonalization of ®

P[fl = i] X K,','
2
Kl

P[fz = i|f1] X K,',' — K

it

. .- T 1t
Plip = i) oc Ky — Kip i (Kl Ko
> equivalent to Base x Height formula

Pli,..., 0] x Vol? {Giy -y} = |detd,; 2

x Vol { /@i, - /Ti &7, } = |det A, |?
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Exact sampling

Sampling scheme: interpretation

Figure 4: Diversity via squared volumes, from A. Kulesza's slides

Cost @: Eigen-decomposition = O(N3) and Gram-Schmidt = O(rN?) §
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Exact sampling:

Exact sampling

2D visualisation

[But a dream within a dream?|

s all that we see or seem|
One from the pitiless wave?|
God! can I not save|

.

Them with a tighter clasp?|

|0 God! can I not gras,

While | weep--while | weep!
Through my fingers to the deep,)
[How few! yet how they creep
(Grains of the golden sand]

|[And I hold within my han

Of a surf-tormented shore,|

[ stand amid the roa

lIs but a dream within a dream.|
IAll that we see or seem|

[Is it therefore the less gone?|

In a vision, or in none,

lin a night, or in a day,

Yet if hope has flown away]

That my days have been a dream;]
‘ou are not wrong, who deem

o

iﬂ

Thus much let me avow-]

lAnd, in parting from you now
Take this kiss upon the brow!

e

()}

N
So
Pt
Co
bt
N

Figure 5
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Exact sampling

Exact sampling: 2D visualisation

[But a dream within a dream?|

s all that we see or seem|
[One from the pitiless wave?|
God! can I not save|

.

Them with a tighter clasp?|

|0 God! can I not gras,

While | weep--while | weep!

Through my fingers to the deep,)

jow few! yet how they creep

(Grains of the golden sand]

And | hold within my han

Of a surf-tormented shore,
stand amid the roal

s but a dream within a dream.]

IAll that we see or seem|

[ 7t therefore the less gone?]

0

‘M

In a vision, or in none,
In a night, or in a day,
‘et if hope has flown away)|
That my days have been a dream;]

:

=

‘ou are not wrong, who deem|
Thus much let me avow-|

lAnd, in parting from you now

Take this kiss upon the brow!

2
dl

Figure 5: ; with smallest |

Pl = i] o [|oi]®
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Exact sampling

Exact sampling: 2D visualisation

[But a dream within a dream?|

s all that we see or seem|
[One from the pitiless wave?
God! can I not save|

l[

Them with a tighter clasp?|

|0 God! can I not grasy

While I weep--while | weep!|

Through my fingers to the deep,)

[How few! yet how they creep

(Grains of the golden sand]

And | hold within my han

Of a surf-tormented shore,
stand amid the roal

s but a dream within a dream.]

IAll that we see or seem|

In a vision, or in none,
In a night, or in a day,
‘et if hope has flown away)|
That my days have been a dream;]
‘ou are not wrong, who deem

e

=

Thus much let me avow-|

lAnd, in parting from you now

|

Take this kiss upon the brow!

Figure 5: ¢; with largest ||-||*

Pl = i] o [|i])®
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Exact sampling

Exact sampling: 2D visualisation

[But a dream within a dream?|

s all that we see or seem|
[One from the pitiless wave?|
God! can I not save|

.

Them with a tighter clasp?|

|0 God! can I not gras,

While | weep--while | weep!
i
! yet how they creep)
rains of the golden sand-|
ind T hold within my han
Of a surf-tormented shore,
stand amid the roal
s but a dream within a dream.]
IAll that we see or seem|
5 it therefore the less gone?)

In a vision, or in none,
In a night, or in a day,
‘et if hope has flown awaj
That my days have been a dream;]
‘ou are not wrong, who deem

i

=

Thus much let me avow-|

lAnd, in parting from you now

|

Take this kiss upon the brow!

Figure 5: Feature vector selected

Pl = i] o [|oi]®
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Exact sampling

Exact sampling: 2D visualisation

ut a dream within a dream?|
s all that we see or seem|

od! can | not save

3

7
|0 God! can I not gras,

While | weep--while | weep!
i
! yet how they creep)
rains of the golden sand-|
ind T hold within my han
Of a surf-tormented shore,
stand amid the roal
s but a dream within a dream.]
IAll that we see or seem|

5 it therefore the less gone?)
In a vision, or in none,
lin a night, or in a day,

‘et if hope has flown awaj
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That my days have been a dream;]
‘ou are not wrong, who deem
hus much let me avow-|

[And, in parting from you now,)

‘ake this kiss upon the brow!

=

ﬂHﬂ

Figure 5: Update the conditional probabilities

Pl = i|h] x dist? (¢, Span{¢;})
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Exact sampling

Exact sampling: 2D visualisation

ut a dream within a dream?|
s all that we see or seem|
[One from the pitiless wave?
God! can I not save|
Them with a tighter clasp?|
|0 God! can I not grasj
While | weep--while | weep!
Through my fingers to the deep,)
[How few! yet how they creep
rains of the golden sand-|

OII‘
3

Of a surf-tormented shore,
stand amid the roal

s but a dream within a dream.]

IAll that we see or seem|

5 it therefore the less gone?)
In a vision, or in none,

In a night, or in a day,’

‘et if hope has flown awaj
That my days have been a dream;]
You are not wrong, who deem

us much let me avow]
And, in parting from you now,|
‘ake this kiss upon the brow!

=

=

Figure 5: ¢, spanning smallest Vol {-, ¢, }

P[i, = i|i] o dist? (95, Span {; })
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Exact sampling

Exact sampling: 2D visualisation
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Figure 5: ; spanning largest Vol? {-, v/, }
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Exact sampling

Exact sampling: 2D visualisation
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Figure 5: Feature vector selected
P [i = i|i1] o dist? (¢;, Span {1, })
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Exact sampling:

Vi,

Exact sampling

2D visualisation
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ake this Kiss upon the brow!

Figure 5: Summary extraction complete

dist? (¢;, Span {¢;,, i, }) = dist’( ¢; ,R?) =0
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?|

Is all that we see or seem

One from the pitiless wave?|

O God! can I not save|

Them with a tighter clasp?|

O God! can I not grasp|

While | weep--while | weep!|
Through my fingers to the deep,
[How few! yet how they creep|
Grains of the golden sand-|
IAnd I hold within my hand|

Of a surf-tormented shore,

| stand amid the roar|

Is but a dream within a dream.
[Is it therefore the less gone?|
In a vision, or in none,|

In a night, orin a day,

Yet if hope has flown away]
That my days have been a dream;]
You are not wrong, who deem
[Thus much Tet me avow-|

lAnd, in parting from you now,|
Take this kiss upon the brow!|
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

That my days have been a dream,

You are not wrong, who deem

\And, in parting from you now,

Take this kiss upon the brow!

Figure 6: 1st pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?
Yet if hope has flown away]
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 2nd pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?
Yet if hope has flown away]
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 3rd pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 4th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 5th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 6th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 7th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE !et me avow-|
] [Take this kiss upon the brow!|

Figure 6: 8th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

Yet if hope has flown away

You are not wrong, who deem
TEus mucE Zet me avow-|
[Take this kiss upon the brow!|

Figure 6: 9th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10

But a dream within a dream?
One from the pitiless wave?

|
|
|
|
|
|
1
|

| Yet if hope has flown away|

- That my days have been a dream;

|

You are not wrong, who deem
TEus mucE Zet me avow-|
)And, in parting from you now,

Take this kiss upon the brow!

Figure 6: 10th pick
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Exact sampling

Exact sampling in action

Consider a (orthogonal) projection matrix K s.t. rk K =r =10
But a dream within a dream?

Is all that we see or seem
One from the pitiless wave?
Yet if hope has flown away]
TEus mucE Zet me avow-|
[Take this kiss upon the brow!]

Figure 6: Final summary
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Exact sampling

From exact to approximate sampling

Projection kernel
K=AT[AA] 'A=0"0

where

A= (yal...lv/anén) and @ = (p1]...[en)

» Exact sampling
» Costly cf. Gram-Schmidt = O(rN?)
> = interpretable ¢ vs. @

» Approximate sampling

» Build a Markov chain on B with stationary distribution DPP(K)
» Graphical representation in terms of the features ¢;s
» More interpretable
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Approximate sampling

Key idea from Dyer and Frieze (1994)

Volume spanned by the feature vectors
Z(A) 2 A0, 1)V

admits a natural tiling

mir}v qy
Vol Z(A Vol Z(A detB yeR
° B;; ° B;g' N | st. Ay =x
oM<y<1?

Hl B

Il B

Il B,

¢3 Bas

s -

o
1
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Approximate sampling

Key idea from Dyer and Frieze (1994)

Volume spanned by the feature vectors
Z(A) 2 A0, 1)V

admits a natural tiling

mir}v ay
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Figure 7: Z(A) and another possible tiling, A = (535 1)
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Approximate sampling

Random walk on tiles - 1
Basis exchange (Feder and Mihail, 1992; Li et al., 2016)
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|
[Through my fingers to the deep,)
How few! yet how they creep

I stand amid the roar]

Is but a dream within a dream.|
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream,|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 0
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 1
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 2
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 3
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure O: lteration 4
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 5
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 9: lteration 6
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-

And, in parting from you now,
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-

And, in parting from you now,

Take this kiss upon the brow!

Figure 9: lteration 8
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-

And, in parting from you now,

Take this kiss upon the brow!

Figure 9: lteration 9
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Approximate sampling

basisExchange in action

But a dream within a dream?|

Is all that we see or seem|

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-

And, in parting from you now,

Take this kiss upon the brow!

Figure 9: Iteration 10
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Approximate sampling

From basisExchange to zonoSampling

» Basis exchange performs local moves.
> How to make more decorrelated moves? (Gautier et al., 2017)
> Build a Markov chain on Z(A) that leaves invariant a specific measure 7(x) dx

ks

b4

o1

> ldentify the tile in which x falls at each iteration using

min c'y
y€ERN
st. Ay =x

oV <y <1V

» Get a Markov chain on tiles that leaves DPP(K) invariant
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Approximate sampling

Random walk on tiles - 2

=

Figure 10: Random walk on tiles

» Continuous random walk in Z(A) with limiting distribution

#
m(x)dx = Z Cg x 1g(x)dx = Z Ce; x 1p,;(x)dx

BeB ]
» |dentification of the tile in which x falls
P[x € Bjj] / m(x)dx = Cg; x Vol Bj;

i
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Approximate sampling

Underlying continuous random walk

To wander in convex bodies use hit-and-run (Cousins and Vempala, 2016; Lovasz

and Vempala, 2003)

T+ apd

Figure 11: Hit-and-run procedure
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Approximate sampling

Acceptance =1

yields uniform target

£
m(x)dx = T z@a)(x) dx = Z 1 x 1g,(x)dx
.7j

\ T+ ayd

D,

Figure 12: Uniform target

P[x € Bj] / 7(x)dx = 1 x Vol' B
Bj
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Approximate sampling

Vol BX)
Acceptance = VoTB(x)
yields volume target
#
m(x)dx = ZVOI B x 1p,(x)dx
i
x d.
\ @+ ayd
D

Figure 13: Volume target

P[x € B;] / 7(x) dx = Vol Bj; Vol B;; = Vol” Bj;
Bj
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|
[Through my fingers to the deep,)
How few! yet how they creep

I stand amid the roar|

Is but a dream within a dream.|
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
[Take this kiss upon the brow!|

Figure 14: Iteration 0
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Approximate sampling

zonoSampling in action

But a dream within a dream?|
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| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|
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In a vision, or in none,
In a night, or in a day,
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Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 14: Iteration 1
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|
[Through my fingers to the deep,)
How few! yet how they creep

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|

You are not wrong, who deem|
Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 14: lteration 2
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|
[Through my fingers to the deep,)
How few! yet how they creep

| stand amid the roa

Is but a dream within a dream.]
|All that we see or seem|

Is it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
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Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 14: Iteration 3
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|

I stand amid the roar|

Is but a dream within a dream.
Al that we see or seem|

Is it therefore the less gone?|
In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream;|
You are not wrong, who deem|
Thus much let me avow-

And, in parting from you now,

Take this kiss upon the brow!

Figure 14: lteration 4
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Approximate sampling

zonoSampling in action
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Thus much let me avow-|

IAnd, in parting from you now,
Take this kiss upon the brow!

Figure 14: Iteration 5
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Approximate sampling

zonoSampling in action

But a dream within a dream?|
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Is but a dream within a dream.
Al that we see or seem|
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|
[Through my fingers to the deep,)
How few! yet how they creep

|Of a surf-tormented shore,|

I stand amid the roar|

Is but a dream within a dream.
lIs it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream,|
You are not wrong, who deem|
Thus much let me avow-

Take this kiss upon the brow!

Figure 14: lteration 7
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|

|Of a surf-tormented shore,|

I stand amid the roar|

Is but a dream within a dream.
lIs it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,
Yet if hope has flown awayi

[That my days have been a dream,|
You are not wrong, who deem|
Thus much let me avow-

Take this kiss upon the brow!

Figure 14: Iteration 8
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Approximate sampling

zonoSampling in action
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Approximate sampling

zonoSampling in action

But a dream within a dream?|

Is all that we see or seem|
| stand amid the roa
lIs it therefore the less gone?|

In a vision, or in none,
In a night, or in a day,

Yet if hope has flown awayi
That my days have been a dream;

You are not wrong, who deem|
Thus much let me avow-

Ang, in parting from you now,
Take this kiss upon the brow!

Figure 14: Iteration 10
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Approximate sampling

Behaviour of our chain vs. iterations

— zonoSampling
— basisExchange

10 15 20 25 30 35
# iterations (x10%)

Figure 15: Relative error of the estimation P [{i1, i», 3} C X] vs. iterations
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Approximate sampling

Behaviour of our chain vs. CPU time

0.8 — zonoSampling g g
— basisExchange |

0 10 20 30 40 50 60 70
CPU time (s)

Figure 16: Relative error of the estimation P [{i1, i, 3} C X] vs. CPU time
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Some results

Summarizing a news article from Slate

Find Y to maximize (Kulesza and Taskar, 2012)

N
1
/ROUGE—lF(Y, Z)DPP(Z2)dZ ~ +; > “RouGE-1F (Y, Y))
i=1

where Y; are samples from our hit-and-run Markov chain

0.93;

0.92¢

0.91¢

0.90¢

0.89¢

zonoSampling ]

basisExchange

== -
s %’ E .
%Wl i 1%t _

Figure 17: Estimation of the integrated cost
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Conclusion

Conclusion

» Combinatorial geometry yields fast sampling of projection DPPs, provided we
know A such that K = AT(ATA)7IA.

» Applications in ML (Kathuria et al., 2016; Kulesza and Taskar, 2012), graph
sampling (Tremblay et al., 2017), Monte Carlo with DPPs (Bardenet and
Hardy, 2016)...

> k-DPPs (Kulesza and Taskar, 2011)

» Potential speed-up?

» Starting points
» Specific implementation of the simplex method

> Mixing time?
» Difficult: hit-and-run 4 LPs
» Choice of linear objective ¢ in LP (identification of the tile)

> All details in (Gautier et al., 2017)

25 /27



Conclusion

References |

Bardenet, R. and Hardy, A. (2016). Monte-Carlo with determinantal point processes. arXiv
preprint arXiv:1605.00361.

Cousins, B. and Vempala, S. (2016). A practical volume algorithm. Mathematical Programming
Computation, 8(2):133-160.

Dyer, M. and Frieze, A. (1994). Random walks, totally unimodular matrices, and a randomised
dual simplex algorithm. Mathematical Programming, 64(1-3):1-16.

Feder, T. and Mihail, M. (1992). Balanced matroids. Proceedings of the twenty-fourth annual
ACM, pages 26-38.

Gautier, G., Bardenet, R., and Valko, M. (2017). Zonotope hit-and-run for efficient sampling
from projection DPPs. In International Conference on Machine Learning, Sydney, Australia.

Kathuria, T., Deshpande, A., and Kohli, P. (2016). Batched gaussian process bandit
optimization via determinantal point processes. Neural Information Processing Systems, pages
pp. 4206—4214.

Kulesza, A. and Taskar, B. (2011). k-dpps: Fixed-size determinantal point processes.
International Conference on Machine Learning, pages 1193-1200.

Kulesza, A. and Taskar, B. (2012). Determinantal point processes for machine learning.
Foundations and Trends in Machine Learning, 5(2-3):123-286.

Li, C., Jegelka, S., and Sra, S. (2016). Fast mixing markov chains for strongly rayleigh measures,
dpps, and constrained sampling. In Neural Information Processing Systems, pages 4188—-4196.

26 /27



Conclusion

References |l

Lovasz, L. and Vempala, S. (2003). Hit and run is fast and fun. Technical Report
MSR-TR-2003-05.

Lyons, R. (2003). Determinantal probability measures. Publications Mathématiques de I'Institut
des Hautes Etudes Scientifiques.

Tremblay, N., Amblard, P.-O., and Barthelme, S. (2017). Graph sampling with determinantal
processes. working paper or preprint.

27 /27



Conclusion

Continuous case

Spectrum of random matrices

Figure 18: GUE vs. uniform Figure 19: CUE vs. uniform

Non-intersecting paths

Figure 20: Dyson's Brownian motion
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Conclusion
Summarizing a news article from Slate

If you are a scientist, this disregard for evidence probably drives you crazy.

So what do you do about it?

Across the country, science communication and advocacy groups report upticks in interest.

In 2010, Dan Kahan, a Yale psychologist, essentially proved this theory wrong.

If the deficit model were correct, Kahan reasoned, then people with increased scientific literacy, regardless of worldview, should agree
with scientists that climate change poses a serious risk to humanity.

Scientific literacy, it seemed, increased polarization.

This lumps scientists in with the nebulous "left” and, as Daniel Engber pointed out here in Slate about the upcoming March for
Science, rebrands scientific authority as just another form of elitism.

Is it any surprise, then, that lectures from scientists built on the premise that they simply know more (even if it's true) fail to convince
this audience?

With that in mind, it may be more worthwhile to figure out how to talk about science with people they already know, through, say,
local and community interactions, than it is to try to publish explainers on national news sites.

Goldman also said scientists can do more than just educate the public: The Union of Concerned Scientists, for example, has created
a science watchdogteam that keeps tabs on the activities of federal agencies.

There's also a certain irony that, right here in this article, I'm lecturing scientists about what they might not know-in other words,
I'm guilty of following the deficit model myself.

Figure 21: Using zonotope hit-and-run
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Conclusion

Summarizing a news article from Slate

If you consider yourself to have even a passing familiarity with science, you likely find yourself in a state of disbelief as the president
of the United States calls climate scientists " hoaxsters” and pushes conspiracy theories about vaccines.

In fact, it's so wrong that it may have the opposite effect of what they're trying to achieve.

Respondents who knew more about science generally, regardless of political leaning, were better able to identify the scientific consensus-
in other words, the polarization disappeared.

In fact, well-meaning attempts by scientists to inform the public might even backfire.

Psychologists, aptly, dubbed this the "backfire effect.”

But if scientists are motivated to change minds-and many enrolled in science communication workshops do seem to have this goal-they
will be sorely disappointed.

That's not to say scientists should return to the bench and keep their mouths shut.

Goldman also said scientists can do more than just educate the public: The Union of Concerned Scientists, for example, has created
a science watchdogteam that keeps tabs on the activities of federal agencies.
But I'm learning to better challenge scientists’ i about how ication works.

It's very logical, and my hunch is that it comes naturally to scientists because most have largely spent their lives in school-whether
as students, professors, or mentors-and the deficit model perfectly explains how a scientist learns science.

So in the spirit of doing better, I'll not just write this article but also take the time to talk to scientists in person about how to
communicate science strategically and to explain why it matters.

And it's not just Trump-plenty of people across the political spectrum hold bizarre and inaccurate ideas about science, from climate
change and vaccines to guns and genetically modified organisms.
It seems many scientists would take matters into their own hands by learning how to better communicate their subject to the masses.

I've always had a handful of intrepid graduate students, but now, fueled by the Trump ini ion's Etch A Sketch i ip to
facts, record numbers of scientists are setting aside the pipette for the pen.

This is because the way most scientists think about science communication-that just explaining the real science better will help-is
plain wrong.

Before getting fired up to set the scientific record straight, scientists would do well to first considerthe science of science communication.
If the deficit model were correct, Kahan reasoned, then people with increased scientific literacy, regardless of worldview, should agree
with scientists that climate change poses a serious risk to humanity.

Scientific literacy, it seemed, increased polarization.

Presenting facts that conflict with an individual's worldview, it turns out, can cause people to dig in further.

| spoke with Gretchen Goldman, research director of the Union of Concerned Scientists’ Center for Science and Democracy, which
offers communication and advocacy workshops.

Communication that appeals to values, not just intellect, research shows, can be far more effective.

I hope they end up doing the same.
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