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Motivation

o We want to understand training set quality

> high quality training set — high performance model
> (We can take this as the definition))

@ In particular, what features diagnose a dataset as
high quality?
> Class balance and size (obviously)
> Dataset diversity
* Class internal diversity
* Overall diversity
@ How does one measure training set diversity?
> The (exponential of) entropy provides a natural
notion of diversity
> We will use a deformation of the entropy which
accounts for similarities
» To account for both class internal and overal
diversity, we will consider the entropy of the joint
distribution on features + classes
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@ However, these measures fail to capture the following intuition:
> Given two communities each consisting of N uniformly distributed species, if the first consists of only species from the same
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o N.B. that when Z is the identity matrix, these reduce to the ordinary Rényi entropies/Hill numbers.

@ Also, even though we defined a similarity matrix on species, w.l.o.g. we could have defined a similarity matrix on

individuals.
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Diversity with Similarity (continued)

To remedy this deficit, one may define[2]:
@ A similarity matrix Zj; whose ijth entry encodes the similarity between species i and species j

@ The similarity deformed Rényi entropy,

q—1

log» pi | D Zjpj (2)
i j

1
qg—1

1
qg—1

Hy (p) = — log ((Zp)7~1), = —

HZ (p)

The corresponding similarity sensitive diversity Dg(p) =e
o N.B. that when Z is the identity matrix, these reduce to the ordinary Rényi entropies/Hill numbers.

@ Also, even though we defined a similarity matrix on species, w.l.o.g. we could have defined a similarity matrix on
individuals.

In our context (ML for medical imaging)

o Each image is considered a unique species

o For simplicity, the similarity is chosen to be Z(x,y) = exp(—drmsp(x,y)), where druysp is the pixel-wise root mean
squared difference

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 4/9



Metacommunity and subcommunity

r g—1q1—q
ALp) = | Do p0ai ) | D2 Zip(xs vi) ®3)
| isn j
- Sieg
B0) = [ Sotonn) (Ezjzzpfx(x)’p(yy:) (@
r q—1q1—4q
rZ(p) = Zp(xl-) ZZUP(XJ) (5)
- .
Afp)y = D pyw)? (6)
n

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 5/9



Metacommunity and subcommunity

@ In many situation, one may want to compare

diversity of parts to that of the whole - g—1-1-q

ALp) = | Dol vu) | D2 Zip(xs vi) ®3)
ik J
_ Tq1-q

B{(p) = %:P(Xid’u) (g d ZZJ ZZE;;J;&))) ' (4)
r g—1q1—¢q

rae) = [>_p0x) | D0 Zipy) (5)
- .

AZp)y = D pyw)? (6)

W

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 5/9



Metacommunity and subcommunity

@ In many situation, one may want to compare
diversity of parts to that of the whole

> CEHE}nin ecology, islands vs a whole island AqZ(p)
B (p)
rs(p)
A% (p)

r g—1q1—a
> PG yu) | D Zip(xjs yu) 3)

Lism J

_171-9
32 Zijp(xs Vi) )"

%:p(xiv)’u) (ZJZUP(XJ)P(}/;J (4)
- g—1-1-q

> pa) | 32 Zip(x) ©
L g

ZP(Yu)q ©
1

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 5/9



Metacommunity and subcommunity

@ In many situation, one may want to compare
diversity of parts to that of the whole
> E.g. in ecology, islands vs a whole island
chain
> E.g. in ML, training set vs individual classes

V4
Aq

z
g

AZ

(p)

(p)

(p)

r g—1q1—a
> PG yu) | D Zip(xjs yu) 3)

Lism J

- _111—9q
2 pi) (z,- z,-,-p<x,-)p(yu)) @

r g—1q1—¢q
> p0a) | D Zip(x) (5)
L J

1—q

S p(r)° (6)
L~

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 5/9



Metacommunity and subcommunity

@ In many situation, one may want to compare

diversity of parts to that of the whole - g—1-1-q
> E.g. in ecology, islands vs a whole island z
chain Aq (p) = ZP(Xia}’u) ZZijP(Xj»)’u) (3)
> E.g. in ML, training set vs individual classes i J
@ For this purpose, one may label each r g—1 q
individual both by species/type and by BZ( ) = Z (02 Vi) Zj Zi ip(Xj, Yu) 4)
subcommunity, and consider the joint q\P) = PXi> Yuu S Zip(x)p(y,.)
distribution [2, 3] isp U ’
r g—1q1—¢q
rZp) = |>_p(x)| D Zip(x) (5)
L j
- 1—gq
AZ(p) = Do pw)? (6)
L~

Josiah Couch ( Beth Israel Deaconess Medical Center ) Diversity with Similarity as a Measure of Training Set Quality 13 August 2024 5/9



Metacommunity and subcommunity

@ In many situation, one may want to compare
diversity of parts to that of the whole
> E.g. in ecology, islands vs a whole island
chain
> E.g. in ML, training set vs individual classes

@ For this purpose, one may label each
individual both by species/type and by
subcommunity, and consider the joint
distribution [2, 3]

> The exponential of the entropy of the joint
distribution is then termed the Alpha
diversity
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Metacommunity and subcommunity

@ In many situation, one may want to compare
diversity of parts to that of the whole
> E.g. in ecology, islands vs a whole island
chain
> E.g. in ML, training set vs individual classes

@ For this purpose, one may label each
individual both by species/type and by
subcommunity, and consider the joint
distribution [2, 3]

> The exponential of the entropy of the joint
distribution is then termed the Alpha
diversity

> The exponential of the mutual information
between species and subcommunity is termed
(normalized) Beta diversity

> That of the marginal distribution on
species/subcommunity are termed
Gamma/Delta diversity

o All of this goes through when considering a

similarity on species (we won't consider a
similarity on subcommunities)
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Methodology

@ Collect a number of datasets

> PathMNIST, BloodMNIST, OrganAMNIST, and OrganCMNIST
from MedMNIST [4, 5]

Figure: Images from some of the selected
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> Several additional datasets, including those used in Madani et al.
[6] and Chinn et al. [7]

@ From each dataset, sample the training set to create many
subsets

© Train classifier on each subset

Q Test each of these models against test set (common to subsets
from a given source)

© Measure an assortment of diversity indices for each subset
(including class balance)

@ Use linear regression to measure how much variation in model
performance is explained by different sets of diversity indices.
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Methodology

@ Collect a number of datasets

> PathMNIST, BloodMNIST, OrganAMNIST, and OrganCMNIST
from MedMNIST [4, 5]

> Several additional datasets, including those used in Madani et al.
[6] and Chinn et al. [7]

@ From each dataset, sample the training set to create many
subsets

© Train classifier on each subset

Q Test each of these models against test set (common to subsets
from a given source)

© Measure an assortment of diversity indices for each subset
(including class balance)

L B0 Ve
, . . = A
@ Use linear regression to measure how much variation in model AN
performance is explained by different sets of diversity indices. ]
@ (Our models are actually log linear, and each model includes gigurﬂ Images from some of the selected
the image size, number of color channels, and number of atasets
classes as features)
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Results
class balance, both singly and when combined with size.
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We found that some diversities with similarity, especially the Alpha diversity (at Rényi parameters 0 and 1), outperform
A meacc macc WA

R?

as a Measure of

06
Figure: R? for linear models of resnet-18 accuracy trained on different sets of diversities (a) single features (b) pairs of features
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Figure: Link to paper: https://arxiv.org/abs/2407.15724

Thank you for attending my talk!
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