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Abstract: Neural Architecture Search (NAS) research has historically faced issues of reproducibility and comparability
of algorithms. To address these problems, researchers have created NAS benchmarks for NAS algorithm evalu-
ation. However, NAS search spaces themselves are not yet well understood. To contribute to an understanding
of NAS search spaces, we use the framework of fitness landscape analysis to analyze the topology search
space of NATS-Bench, a popular cell-based NAS benchmark. We examine features of density of states, local
optima, fitness distance correlation (FDC), fitness distance rank correlations, basins of attraction, neutral net-
works, and autocorrelation in order to characterize the difficulty and describe the shape of the NATS-Bench
topology search space on CIFAR-10, CIFAR-100, and ImageNet16-120 image classification problems. Our
analyses show that the difficulties associated with each fitness landscape could correspond to the difficulties of
the image classification problems themselves. Furthermore, we demonstrate the importance of using multiple
metrics for a nuanced understanding of an NAS fitness landscape.

1 INTRODUCTION

Neural networks have performed well in tasks such
as image classification (He et al., 2016; Krizhevsky
et al., 2012), speech recognition (Abdel-Hamid et al.,
2014), and object detection (Szegedy et al., 2013).
However, achieving state-of-the-art performance has
traditionally required expert knowledge of neural ar-
chitecture design. This poses a challenge for non-
computer scientists who wish to use neural net-
works but lack the specific neural network expertise
(Sheikhtaheri et al., 2014). One recent solution is
Neural Architecture Search (NAS), where a neural ar-
chitecture is algorithmically engineered as opposed to
hand-designed. NAS has shown to be an effective ar-
chitecture design method, in some cases outperform-
ing hand-designed architectures (Zoph and Le, 2016).

While NAS has achieved state-of-the-art perfor-
mance, it has also faced reproducibility issues due
to algorithmic complexity and expensive computation
(Li and Talwalkar, 2020). Furthermore, differences in
training procedures and search spaces make it diffi-
cult to compare across methods (Ying et al., 2019).
To combat these problems, researchers have created
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NAS benchmarks, which provide common baselines
for comparing algorithms and significantly reduce the
costs of NAS evaluation (Ying et al., 2019; Dong and
Yang, 2020; Siems et al., 2020). One popular bench-
mark is NATS-Bench, a cell-based NAS search space
(Dong et al., 2021).

Although there have been analyses of NAS search
spaces as a whole (White et al., 2023; Chitty-Venkata
et al., 2023), there currently do not exist many deep
analyses of specific NAS search spaces. While NAS
algorithms have performed well on these spaces (Mel-
lor et al., 2021; Chen et al., 2021), there is a lack
of understanding of the search spaces themselves.
We aim to fill this gap by analyzing the NATS-
Bench topology search space through the framework
of fitness landscape analysis, a concept originating
from biology (Wright et al., 1932) that has since
been applied to optimization problems (Merz and
Freisleben, 2000; Tavares et al., 2008). We exam-
ine fitness landscape components of density of states,
local optima, fitness distance correlation (FDC), fit-
ness distance rank correlations, basins of attraction,
neutral networks, and autocorrelation in order to
characterize the difficulty of the NATS-Bench topol-
ogy search space on three popular image classifi-
cation datasets CIFAR-10, CIFAR-100 (Krizhevsky
and Hinton, 2009), and ImageNet16-120, which is a
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downsampled version of ImageNet (Chrabaszcz et al.,
2017). We summarize our contributions as follows:

• We build upon previous NATS-Bench analyses
(Ochoa and Veerapen, 2022; Thomson et al.,
2023) by analyzing the fitness landscapes of the
NATS-Bench topology search space test accura-
cies.

• We calculate and analyze several components of
the NATS-Bench topology fitness landscape, aug-
menting previous NATS-Bench analyses of den-
sity of states, Spearman fitness distance corre-
lation, and local optima networks (Ochoa and
Veerapen, 2022) with additional characteristics of
Pearson’s fitness distance correlation, basins of
attraction, neutral networks, and autocorrelation.
To our best knowledge, we are the first to cal-
culate these metrics for the NATS-Bench topol-
ogy search space. Due to the complexity of fit-
ness landscapes, it is important to analyze many
different metrics in order to create a deeper un-
derstanding of the fitness landscape (Pitzer and
Affenzeller, 2012). To that end, the inclusion of
these additional metrics reveals novel insights into
the NATS-Bench topology search space.

2 RELATED WORK

The first NAS method used reinforcement learning
(Zoph and Le, 2016). Since then, researchers have
developed a variety of approaches, such as neuroevo-
lution (Stanley et al., 2019), differentiable architec-
ture search (Liu et al., 2018), one-shot NAS (Dong
and Yang, 2019; Guo et al., 2020), and training-free
methods (Mellor et al., 2021; Chen et al., 2021).

As for the search spaces themselves, there have
been a number of established benchmarks for im-
age classification problems such as NAS-Bench-101
(Ying et al., 2019), NAS-Bench-201 (Dong and Yang,
2020), NAS-Bench-301 (Siems et al., 2020), and
NATS-Bench (Dong et al., 2021). More recently,
there have also been NAS benchmarks in other ar-
eas such as automated speech recognition (Mehrotra
et al., 2020) and natural language processing (Klyuch-
nikov et al., 2022).

Prior fitness landscape analyses of NAS search
spaces include analyses of local optima networks
(Potgieter et al., 2022; Rodrigues et al., 2022), FDC
(Rodrigues et al., 2022), autocorrelation, entropic
measure of ruggedness, fitness clouds, density clouds,
and overfitting (Rodrigues et al., 2020). There addi-
tionally exist some analyses for specific benchmark
datasets. The authors of NAS-Bench-101 analyze the
FDC, locality, and autocorrelation of their benchmark

(Ying et al., 2019). Traoré et al. expand on this work
with additional characteristics of ruggedness, cardi-
nality of optima, and persistence (Traoré et al., 2021).

A few studies have examined the NATS-Bench
benchmark specifically. Thomson et al. examine the
local optima networks of the NATS-Bench size search
space (Thomson et al., 2023) and Ochoa and Veer-
apen analyze the density of states, Spearman fitness
distance correlation, and local optima networks of
the NATS-Bench topology search space (Ochoa and
Veerapen, 2022).

We expand on Ochoa and Veerapen’s work by
analyzing the test accuracies rather than the valida-
tion accuracies of the NATS-Bench topology search
space and by providing additional analyses. In addi-
tion to the Spearman correlation coefficient between
fitnesses and distances, we also include Kendall and
Pearson correlation coefficients. Notably, the Pearson
correlation coefficient is the most established corre-
lation coefficient in the literature (Jones et al., 1995),
but it is missing from Ochoa and Veerapen’s analy-
sis.1 Moreover, Ochoa and Veerapen’s analysis fo-
cuses on local optima, whereas our analysis also pro-
vides insight into neutral areas. Furthermore, Ochoa
and Veerapen’s analysis of ruggedness is entirely in-
formed by the number of modes, while we provide an
additional perspective by including autocorrelation.
Overall, we corroborate Ochoa and Veerapen’s exist-
ing analyses while also providing a more nuanced un-
derstanding with additional metrics.

3 BACKGROUND

In this section, we introduce NATS-Bench, a repeated
cell-based neural architecture search space. We then
define a fitness landscape and its components and de-
scribe the specific fitness landscapes for the NATS-
Bench topology search space.

3.1 NATS-Bench

NATS-Bench is a repeated-cell neural architecture
benchmark that consists of a size search space Ss and
a topology search space St (Dong et al., 2021). We
analyze the topology search space St , which is the
same as NAS-Bench-201 (Dong and Yang, 2020).
The macro structure of each neural architecture be-
gins with a 3-by-3 convolution with 16 output chan-
nels and a batch normalization layer. It is then fol-

1We note that Ochoa and Veerapen use “FDC” to re-
fer to Spearman’s correlation coefficient, however the tra-
ditional use of “FDC” in the literature refers to Pearson’s
correlation coefficient (Jones et al., 1995)
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Figure 1: Macro structure of a neural architecture in the topology search space of NATS-Bench. Visual based on original
paper (Dong et al., 2021).
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Figure 2: DAG representation of an individual cell. Visual
based on original paper (Dong et al., 2021).

lowed by three stacks of N = 5 cells with a residual
block between each cell stack. The number of out-
put channels are 16, 32, and 64 for the three stacks
respectively. These cell stacks are then followed by a
global average pooling layer. The NATS-Bench archi-
tectures are trained on CIFAR-10, CIFAR-100, and
ImageNet16-120, which is a downsampled version of
ImageNet. Performance data for architectures in St
trained on 12 or 200 epochs of data can be accessed
via the NATS-Bench API.2 Further, architectures un-
dergo many trials. For our analysis, our fitness values
are the test accuracies of architectures trained on 200
epochs of data, averaging over all trials.

Each cell in St can be represented as a densely-
connected DAG with four vertices, where there is an
edge from the ith node to the jth node if i < j for
a total of six edges. Each edge is selected from one
of five operations: zeroize, skip connection, 1-by-1
convolution, 3-by-3 convolution, and 3-by-3 average
pooling layer, where the zeroize operation represents
dropping the edge. Then, there are 56 = 15625 total
architectures. However, some architectures are iso-
morphic, so there are only 6466 unique architectures
(Dong and Yang, 2020).

3.2 Fitness Landscape Analysis

3.2.1 Definition

We use the definition of fitness landscape provided by
Pitzer and Affenzeller (Pitzer and Affenzeller, 2012).
There is a solution space S and an encoding of the so-
lution space S . There is also a fitness function f :
S → R that assigns a real-valued number to a solu-
tion candidate, and a distance metric d : S ×S →R.

2https://github.com/D-X-Y/NATS-Bench

Then, a fitness landscape is defined as the tuple

F = (S , f ,d). (1)

3.2.2 Fitness Landscape of NATS-Bench
Topology Search Space

Each architecture in the NATS-Bench topology search
space can be represented as a string of length six
where each character represents an edge operation for
a corresponding edge in the DAG representation of
the cell. Then for St , S is the set of all possible neu-
ral architecture string representations. The distance
function d is the Hamming distance between two such
strings. We define the neighborhood of a solution
candidate as N (x) = {y ∈S |d(x,y) = 1}, that is, the
set of architecture strings that represent a change of
one edge operation from the architecture of x. We
have three fitness functions, corresponding to average
test accuracies of architectures trained on 200 epochs
of data on CIFAR-10, CIFAR-100, and ImageNet16-
120. Thus, we have three fitness landscapes, one for
each image classification dataset.

For the purposes of analysis on NATS-Bench, we
deviate from Pitzer and Affenzeller’s definitions of
phenotype and genotype. Because some architectures
are isomorphic, in addition to the string representa-
tion of the architecture, each architecture also has a
string representation of the unique isomorph. We con-
sider the string representation of the architecture the
genotype, and the string representation of the unique
isomorph the phenotype. Due to numerical error, two
architectures with the same phenotype may have dif-
ferent fitnesses (Dong and Yang, 2020).

3.2.3 Density of States

A density of states analysis examines the number of
solution candidates with a certain fitness value. The
density of states can tell us how likely it is to find a
“good” solution via random search (Rosé et al., 1996).
For example, a fitness landscape with many fitnesses
near the global optimum will be relatively easy for
random search.

3.2.4 Fitness Distance Correlations

One measure of problem difficulty is the correlation
between distances to the nearest global optimum (in
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our case, maximum) and the fitnesses of solution can-
didates. This correlation can help us measure the ex-
tent to which there is a “gradient” of fitness to a global
optimum. One established metric is fitness distance
correlation (FDC), which is a measure of problem dif-
ficulty for genetic algorithms (Jones et al., 1995). If
we let F represent a list of fitnesses of S and D repre-
sent the corresponding distances to the nearest global
optimum, then the FDC is the Pearson correlation co-
efficient between F and D:

FDC =
cov(F,D)

σF σD
, (2)

where cov(F,D) is the covariance of F and D, and σF
and σD are the standard deviations of F and D, respec-
tively. In addition to FDC, we also examine Spearman
and Kendall rank correlations between F and D. The
Spearman fitness distance rank correlation is

ρ =
cov(R(F),R(D))

σR(F)σR(D)
, (3)

where R(F) and R(D) are F and D converted to ranks,
respectively. Then, the Kendall fitness distance rank
correlation is

τ =
2

n(n−1) ∑
i< j

sgn( fi − f j)sgn(di −d j), (4)

where n = |S | = |F | = |D| and fi and di are the ith
elements of F and D, respectively.

We clarify that while the Spearman and Kendall
correlations are correlations between fitness and dis-
tance, the term “fitness distance correlation” or FDC
specifically refers to Pearson’s correlation, as estab-
lished in the literature (Jones et al., 1995).

3.2.5 Local Optima

A solution candidate x is a local optimum if it is
the fittest among its neighborhood (Pitzer and Affen-
zeller, 2012):

local optima(x) ⇐⇒ ∀y ∈ N (x), f (x)> f (y). (5)

We clarify that while this definition may sometimes
be referred to as a strict local optimum, we use the
term local optimum to be consistent with Pitzer and
Affenzeller’s definitions. The number of local optima
can tell us about the global ruggedness of a fitness
landscape, for instance, a multi-modal landscape is
more globally rugged than a unimodal one. Further-
more, correlations between local optima fitness and
distance to a global optimum can tell us the extent to
which there is a progression of fitness from local op-
tima to a global optimum.

3.2.6 Basins of Attraction

Related to local optima is the concept of basins of
attraction. Although the fitness landscape of NATS-
Bench is a maximization problem, we use the term
basins of attraction to remain consistent with the lit-
erature. To understand basins of attraction, we must
first understand an upward path to a local maximum.
We adapt this definition from the definition of a down-
ward path by Pitzer et al. (Pitzer et al., 2010). An up-
ward path p↑ from candidate x0 to xn is the sequence
{xi}n

i=0 where (∀i < j), f (xi)≤ f (x j), f (x0)< f (xn),
and xi+1 ∈ N (xi), that is, each solution candidate in
the upward path is at least as fit as the previous one.
Then, the weak basin of local optimum o is defined as

b(o) := {x|x ∈ S , p↑(x,o)}, (6)

which is the subset of the search space that has an
upward path leading to o. A strong basin of a local
optimum o is defined as

b̂(o) := {x|x ∈ b(o),(∄o′ ̸= o ∈ O) with x ∈ b(o′)}
(7)

where O is the set of all local optima. In other words,
the strong basin of a local optimum o is the subset of
the search space that has an upward path only to o.

The relative fitnesses of the local optima com-
bined with the relative sizes of their basins of attrac-
tion can indicate problem difficulty, as local optima
with larger basins are more likely to be found via lo-
cal search methods.

3.2.7 Neutral Networks

A neutral network is a set of connected solution can-
didates with equal fitness and can be intuitively de-
scribed as a “plateau” of fitness (Pitzer and Affen-
zeller, 2012).

3.2.8 Autocorrelation and Correlation Length

Autocorrelation and correlation length are two mea-
sures for ruggedness of a fitness landscape (Wein-
berger, 1990). The autocorrelation function for some
lag i is the Pearson correlation coefficient between a
random walk on the landscape and the same walk with
time delay i. Then for a random walk Ft and a lag i,
the autocorrelation function is

ρ(i) =
cov(Ft ,Ft+i)

σFt σFt+i

. (8)

where Ft+i is Ft with a lag of i, cov(Ft ,Ft+i) is the
covariance of Ft and Ft+i, and σFt and σFt+i are the
standard deviations of Ft and Ft+i, respectively. Cor-
relation length is defined as τ = −1

ln |ρ(1)| for ρ(1) ̸= 0,
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which is the expected distance between points be-
fore they become “uncorrelated” (Weinberger, 1990;
Tavares et al., 2008).

4 RESULTS

We compare the difficulty and shape of the NATS-
Bench topology search space for three different
fitness landscapes of CIFAR-10, CIFAR-100, and
ImageNet16-120 test accuracies. We calculate, ana-
lyze, and visualize characteristics of density of states,
FDC and fitness distance rank correlations, local op-
tima, basins of attraction, neutral networks, and au-
tocorrelation. Our analysis could indicate that the
problem difficulty for the NAS search problems cor-
respond to the difficulties of the image classification
problems themselves, with the nuance that the use of
different metrics results in different orderings of dif-
ficulty for the three fitness landscapes.

While analyses of larger search spaces may need
to use sampling to approximate fitness landscape
characteristics (Nunes et al., 2021; Traoré et al.,
2021), St in NATS-Bench is relatively small, so we
are able to exhuastively evaluate the search space for
most of our metrics. To estimate autocorrelation, we
average 200 random walks of length 100 on the search
space with random starting points. Our data and code
are publicly available online.3

4.1 Density of States

As seen in Figure 3, CIFAR-10 has the most architec-
tures near the global optimum, followed by CIFAR-
100, then ImageNet16-120. This may indicate that
NAS on architectures for CIFAR-10 image classifi-
cation is the easiest, followed by CIFAR-100 and
lastly ImageNet16-120. This order of difficulty for
the NATS-Bench fitness landscapes matches the or-
der of difficulty for the image classification problems
themselves. Our density of states analysis of the
NATS-Bench topology space test accuracies is con-
sistent with Ochoa and Veerapen’s analysis of the val-
idation accuracies.

4.2 Fitness Distance Correlations

FDC can be used to characterize problem difficulty
for genetic algorithms and can divide problems into
three broad categories. FDC ≥ 0.15 is considered
misleading, because solution candidates decrease in
fitness as they approach a global optimum. −0.15 <

3https://github.com/v-tao/nats-bench-landscape

Table 1: Correlations between architecture fitness and dis-
tance to the global optimum.

CIFAR-10 CIFAR-100 ImageNet
FDC -.2199 -.3090 -.3163
ρ -.4144 -.4666 -.3270
τ -.3200 -.3630 -.2502

FDC < 0.15 is difficult because there is weak to
no correlation between fitnesses and distances to the
global optimum, and FDC ≤ −0.15 is straightfor-
ward, as solution candidates approaching the global
optimum increase in fitness (Jones et al., 1995). From
the rank correlations in Table 1, the CIFAR-100 land-
scape appears the most straightforward, followed by
CIFAR-10 and then ImageNet16-120, which is con-
sistent with Ochoa and Veerapen’s analyses. How-
ever, examining FDC which is Pearson’s correla-
tion, the ImageNet16-120 landscape appears the most
straightforward, followed by CIFAR-100 and then
CIFAR-10. Thus, we demonstrate how different met-
rics can cause different interpretations of problem dif-
ficulty.

4.3 Local Optima

Table 2: Correlations between architecture fitness and dis-
tance to global optimum of local optima.

CIFAR-10 CIFAR-100 ImageNet
# optima 17 24 36
FDC -.8741 -.8225 -.6172
ρ -.8650 -.7916 -.6311
τ -.7223 -.6845 -.5050

For the test accuracies, ImageNet16-120 has the most
local optima, followed by CIFAR-100 and CIFAR-
10 (see Table 2), corroborating Ochoa and Veerapen’s
modality analysis of the validation accuracies. In con-
trast to the whole search space, which has a weak neg-
ative correlation between fitness and distance to the
global optimum (see Table 1 and Figure 4), the subset
of just local optima has a strong negative correlation
between these features, as seen in Table 2 and Fig-
ure 5. This suggests there is a progression of fitnesses
from local optima to the global optimum for all three
fitness landscapes.

4.4 Basins of Attraction

From Table 3, we see that for each fitness landscape,
the vast majority of the search space is in a weak basin
of attraction, meaning almost any starting architecture
can reach a local optimum via local search. Combined
with Figure 5, this demonstrates that search on St for
CIFAR-10 is easy, as the local optima for CIFAR-10
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Figure 3: Density of states of NATS-Bench topology search space test accuracies. The maximum fitness for each fitness
landscape is 94.37, 73.51, and 47.31 for CIFAR-10, CIFAR-100, and ImageNet16-120, respectively.
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Figure 4: Fitness vs. distance to the global optimum.

0 2 4 6
Distance to Global Optimum

92.5

93.0

93.5

94.0

Fit
ne
ss

CIFAR-10

0 2 4 6
Distance to Global Optimum

68

69

70

71

72

73

Fit
ne
ss

CIFAR-100

2 3 4 5 6
Distance to Global Optimum

40

42

44

46

Fit
ne
ss

ImageNet16-120

Figure 5: Fitness vs. distance to the global optimum for local optima.
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Figure 6: Fitness vs. size of weak basin for local maxima.
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Table 3: Summary statistics of weak basins of attraction.

CIFAR-10 CIFAR-100 ImageNet
# basins 17 24 36
Avg. size 13122.06 13245.08 14337.81
Extent .9989 .9984 .9977

Table 4: Summary statistics of strong basins of attraction.

CIFAR-10 CIFAR-100 ImageNet
# basins 4 8 14
Avg. size 10.00 7.88 2.29
Extent .0026 .0040 .0020

are close in fitness to the global optimum. While the
ranges in local optima fitness are greater for CIFAR-
100 and ImageNet16-120, all three fitness landscapes
show a strong correlation between local optima fit-
ness and weak basin extent. This may also indicate
problem easiness, as fitter optima are more likely to
be achieved via local search.

4.5 Neutral Networks

Table 5: Neutral network summary statistics.

CIFAR-10 CIFAR-100 ImageNet
# nets 249 35 46
Avg. size 3.41 7.46 5.41
Max. size 341 63 67

Only a small fraction (< .01) of the search space
belongs to a neutral network (see Table 5). From
Figure 7, we observe most neutral networks contain
only a handful of architectures and are the worst-
performing architectures in the search space. These
architectures correspond to the “spikes” on the left of
each histogram in Figure 3.

Close inspection of the largest neutral network in
each fitness landscape reveals that these neutral net-
works consist entirely of architectures where the input
node and output node are disconnected, resulting in an
architecture that performs equal to random choice. In
some cases, large neutral networks may be beneficial
because they allow exploration of a large space while
maintaining the same fitness (Pitzer et al., 2010; Wag-
ner, 2008). Although our data in Table 6 indicate that
exploring these neutral networks do provide access to
genetic diversity, these neutral networks consist of the
worst architectures in the search space, so it may not
be desirable to remain in these neutral networks over
many iterations.

4.6 Autocorrelation

The correlation lengths are 1.53, 1.71, and 2.23 for
CIFAR-10, CIFAR-100, and ImageNet16-120, re-
spectively. Furthermore, we can see from Figure 8
that the autocorrelation function for ImageNet16-120
decays slower than for CIFAR-10 or CIFAR-100.
Both the correlation length and the autocorrelation
function indicate that at the local level, ImageNet16-
120 is the smoothest out of the three fitness land-
scapes.

5 DISCUSSION

Our fitness landscape analyses could indicate that
the difficulties associated with the three fitness land-
scapes of CIFAR-10, CIFAR-100, and ImageNet16-
120 on the NATS-Bench topology search space cor-
respond to the difficulties of the image classification
problems themselves. This is reflected in the den-
sity of states, as CIFAR-10 has the greatest propor-
tion of architectures close to the global optimum, fol-
lowed by CIFAR-100 and ImageNet16-120. In ad-
dition, while all three fitness landscapes have similar
weak and strong basin extents, both the number of lo-
cal optima and the range of fitness values for local op-
tima is smallest for CIFAR-10, then CIFAR-100, then
ImageNet16-120. This means that for CIFAR-10, not
only is the global optimum more likely to be reached
via local search, but also any local optimum reached
is closer in fitness to the global optimum than for the
other two fitness landscapes. Previous work indicates
that ImageNet16-120 is the most difficult for valida-
tion accuracies of St (Ochoa and Veerapen, 2022), and
our work shows a similar case for the test accuracies.

However, our data contains some discrepancies
which would at first appear to be contradictions.
The progression of difficulty from CIFAR-10 to
ImageNet16-120 is not supported by our data on cor-
relations between architecture fitness and distance to
the global optimum. By FDC, ImageNet16-120 is
the most straightforward, while the rank correlations
point to CIFAR-100 as the most straightforward. We
can resolve this discrepancy by considering the dif-
ferent algorithms that may be applied to the optimiza-
tion problem. As FDC is a measure of problem dif-
ficulty for genetic algorithms (Jones et al., 1995), the
lowest FDC may indicate that ImageNet16-120 is the
most straightforward for a genetic algorithm whereas
the lowest rank correlation may indicate that CIFAR-
100 is the most straightforward for algorithms like hill
climbing that only use relative fitness values.

Previous work has used number of local op-
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Figure 7: Fitness vs. size of neutral networks.

Table 6: Properties of largest neutral network and its neighbors.

CIFAR-10 CIFAR-100 ImageNet
Size 341 63 67
Fitness 10.00 1.00 .83
Max. edit distance 6 6 6
Avg. edit distance 4.8031 4.8249 4.8318
Unique phenotypes 5 5 5
Unique neighbor genotypes 2868 917 974
Unique neighbor phenotypes 513 177 182
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Figure 8: Autocorrelation functions sampled from 200 random walks of length 100.

tima to describe the ruggedness of the NATS-Bench
topology fitness landscapes (Ochoa and Veerapen,
2022). While our own analysis of local optima sup-
port these claims of ruggedness, we should be more
careful in describing this as global ruggedness. As
ImageNet16-120 has the most local optima, followed
by CIFAR-100 and CIFAR-10, ImageNet16-120 ap-
pears the most rugged on a global level. However, our
autocorrelation and correlation length analyses point
to the reverse order of ruggedness on a local level.
These discrepancies demonstrate that the fitness land-
scape of an NAS search problem is multi-faceted, and
many metrics are required to paint a fuller picture
of the NAS fitness landscape. Furthermore, a fitness

landscape analysis should be done with nuance, and
consider the different implications of metrics for dif-
ferent algorithms.

Our fitness landscape analysis contributes to a
growing body of work aimed at combining evolution-
ary computation and explainable AI. As an intersec-
tion between explainable AI and NAS, our work di-
rectly addresses a challenge mentioned by Bacardit
et al.’s recent position paper on the subject (Bacardit
et al., 2022). With the rise in popularity of NAS, we
illustrate how evolutionary computation methods can
contribute to understanding NAS search spaces.
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6 CONCLUSION

We performed a fitness landscape analysis of the
NATS-Bench topology search space, analyzing and
visualizing features of density of states, FDC and fit-
ness distance rank correlations, local optima, basins
of attraction, neutral networks, and autocorrelation.
Our analyses indicated that the problem difficulty of
search on the topology search space of NATS-Bench
for architectures that can perform well on CIFAR-10,
CIFAR-100, and ImageNet16-120 datasets may cor-
respond to the difficulties of the image classification
problems themselves. We also demonstrated the im-
portance of multiple metrics and nuance in the inter-
pretation of an NAS fitness landscape.

While these metrics can help to characterize the
fitness landscape, ultimately they are not exact. Fu-
ture work may include the comparison of different
algorithms on NATS-Bench in order to discern how
useful these metrics are for describing the true fitness
landscape of NATS-Bench. As our current under-
standing of NAS search spaces is limited, future work
may also include fitness landscape analyses of other
NAS search spaces, such as non-tabular search spaces
(Siems et al., 2020) or for problems other than im-
age classification (Klyuchnikov et al., 2022; Mehrotra
et al., 2020). Another possible direction is to investi-
gate what properties of the architectures themselves
cause the fitness landscapes to appear this way.
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