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Abstract

Current vision and language models (VLMs) can acquire simple and complex notions
in the form of linguistic expressions grounded on visual inputs. Traditional training setups
for these involve noisy examples from internet-scraped data that can lead to inefficient and
coarse learning. Taking from literature in cognitive science and developmental psychology,
learning frameworks employed by humans could be considered as new training paradigms
for VLMs: for instance, learning gradually more complex notions (Progressive Alignment)
by comparing examples in a controlled environment (Comparative Learning) could nudge
compositionality as ability. Current approaches either consist of training monolithic net-
works on sparse concepts of varying complexity, or task-specific modules are specialized
with narrow knowledge. In this study we advance two questions: can we train a single,
multi-task network to learn primitive concepts? Moreover, can we leverage Comparative
Learning to acquire more complex notions, such as the logical composition of such primi-
tives?

1 Introduction

1.1 Human-Inspired Progressive Alignment
How does an agent learn concepts? In deep learning literature, an emerging candidate answer
is "by contrast": a model is taught affinities in training data by clustering between positive
and negative samples, with none or minimal amounts of human-crafted labels. This approach,
namely Contrastive Learning (CL), links with theories in developmental psychology from Gen-
tner et al. [9, 10]: with comparison, children can find commonalities and differences in input
elements; moreover, they can also understand potential structures. Selecting relevant features in
the inputs is another crucial skill: in Contrastive Learning, the peculiarity of details in a learned
concept strongly depends on how the negative examples differ from the positive ones [23].

Learning by comparison and focusing on relevant information are key features of a novel
learning framework proposed by Bao et al. [3]: an agent learns one single-word concept at a
time by seeing objects that share such notion as common property, contrarily to objects that
do not. For instance, let the learned attribute be e.g. “red”: positive samples would consist
of images sharing this feature, e.g. "red plastic cone" and "red metallic sphere", with respect
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to negative samples that may share multiple features but exclude the target, e.g. "brown plas-
tic cone" and "blue plastic cone". This controlled learning setup allows to truly focus on a
target concept, as the comparison task is designed to highlight it in order to successfully distin-
guish objects; consequently, concept-specific representations can be concatenated to describe
composite object properties, e.g. "red, spherical, metallic object". This framework is named
"Comparative Learning with Progressive Alignment" [3] and it’s shown to be effective in rec-
ognizing multiple features of an object and in imagining new ones; this approach contributes to
the objective of instilling compositionality capabilities and hierarchies of concepts in artificial
neural networks.

1.2 Scalable multi-concept networks
Being able to distinguish examples for different concepts can be seen as a set of classification
tasks for multiple distributions or domains: this problem is tackled in deep learning with meth-
ods aiming for generality (e.g. domain adaptation [8], multi-task learning [7], modular deep
learning [18]) and consistent performance with increasing knowledge over time (i.e. continual
learning [22]).

In context of progressive-alignment theory, Bao et al. [3] introduce a modular memory of
independent neural networks, each dedicated to a learned notion. This setup is not vulnerable to
catastrophic forgetting, a main challenge in continual learning, as further training knowledge is
not compressed in a single, parametric model and the memory of concepts can keep expanding
according to the given computational resources. This methodology, however, introduces a high
level of redundancy as specific neural components are isolated in a discrete space (the memory),
with no possibility to leverage similarities for efficient sampling or to perform constructive op-
erations in the conceptual space without handcrafted techniques. Contrarily, generative models
such as Denoising Diffusion Probabilistic Models [12] encode concepts in a single continuous
space, allowing for efficient information compression and interpolation.

Consequently, our first objective is to extend progressive alignment to efficient generative
models. We propose a unified architecture for complex concept learning based on two levels of
abstraction: given a conceptual description in natural language, a hyper-network, that is a neural
network that generates weights for another neural network [5], predicts parameters for a second
one, which encodes and allocates positive and negative instances of a notion in a dedicated
geometrical space. Memory models based on dense representational spaces are known to be
efficient and scalable [12, 13], we expand on this approach by robustly learning concepts in a
fine-grained procedure with Comparative Learning.

1.3 Beyond arithmetics: logical concepts
Another limitation we identified in the study from Bao et al. [3] is the acquisition of single-word
notions: this voluntary simplification does not however represent reality, in which complex nat-
ural language expressions are used, e.g. "four-legged and hairy mammal". Moreover, com-
posing notions may require a higher level of abstraction beyond simple concatenation, that is
reasoning on logical expressions and thus more general sets of positive and negative examples.

We aim to teach the model logical relations between simple concepts through the same
learning procedure proposed by Bao et al [3]. In the original study, the authors trained a model
on single attributes by having it comparing positive examples with negative ones, with the only
distinction being the target notion. In our approach, we expand on this method by introducing
sets where positive examples adhere to the specified logical relation, and negative examples
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deviate from it. For instance, to learn the "and" logical relation we prepare positive examples
that describe the joint features, eg. "red and cone" or "sphere and metallic", and negatives that
violate the rule, eg. "red and spherical" or "sphere and plastic". In the spirit of Progressive
Alignment [11], with this framework, we aim to teach artificial networks increasingly more
abstract concepts and relations.

2 Related work
Visual-Language models (VLMs) can link complex linguistic expressions to images [20] [15],
but is this induced by reasoning on underlying simple concepts? Pavlick et al. [25] expand on
this question by analyzing a set of state-of-the-art VLMs: given a universal vocabulary of base
notions, e.g. "red" or "wing", they design descriptive prompts to query a given image; the words
with a high matching score, e.g. cosine similarity, for the given image define the set of primitive
features. Since each input image originally comes with a complex linguistic expression, e.g. "a
red-winged black bird", the goal is to find a relation between the primitives queried with VLMs
and the given caption. With the assumption that embeddings can be composed arithmetically, a
vision widely shared in literature [17], a linear classifier is trained to map the linear combination
of primitives to a caption embedding; consequently, given an input image the extracted set of
basic notions should link to the right caption. The experiments reported by Pavlick et al. [25]
show weak correlation scores: particularly, spurious relationships, e.g. attributes describing
the wrong entities, such as the background, can drive the classifier to predict the wrong cap-
tion. This may suggest that current VLMs ground simple and complex linguistic expressions
separately, without exploiting compositional properties; another hypothesis is that the level of
understanding of textual inputs is coarse.

Building on this intuition, Yuksekgonul et al. [24] test whether VLMs act as bag of words
models, that is whether they link linguistic expressions to visual inputs only because of the
presence of keywords and regardless of the syntactic structure of the caption. VLMs are shown
to be insensitive to swapping references in text and thus to changes in their semantic meaning:
this further suggests that fine-grained relationships of attributes are not acquired. Conversely,
augmenting contrastive examples with such textual variations and meaning shifts improves per-
formance in fine-grained grounding tasks. In connection to what is thus advanced by Pavlick et
al. [25]: primitive concepts can show high affinity with visual inputs regardless of the structure
of the provided caption, suggesting that current VLMs may not organize concepts in hierarchi-
cal structures induced by composition.

Moreover, complex notions may not only consist of simple arithmetics: logical expressions
are used as queries for visual inputs, e.g. "an object that is red or green and it’s either spherical or
a cube". Visual reasoning is a hard task that is tackled with neuro-symbolic approaches [14] [2]
or articulated frameworks for language models [1] [6].

From a different perspective, we frame this as a multi-task learning problem: primitive
concepts are basic skills that could be composed in a non-trivial way to more ones. Research
in Modular Deep Learning [18] studies a variety of approaches to building multi-task learners:
hyper-networks are recently gaining traction, as they allow to generate neural networks given
the task and further specifics [16]; alternatively, more parameter-efficient approaches [19] aim
at learning a fixed set of ns skills (task-specific networks) that are linearly combined in order
to solve a larger set of tasks nt , nt >> ns. Within this research line, we frame the work from
Bao et al. [3] as similar to Progressive Neural Networks [21]: the set of task-specific neural
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components is expanded as new notions are explicitly presented.

3 Proposed Methodology

3.1 Dataset
We train and evaluate our models on the SOLA dataset (Simulated Objects for Language Acqui-
sition), created by Bao et al. [3]. SOLA, characterized by low noise and distinct attributes, fa-
cilitates efficient sample comparisons and mapping of language features to grounded concepts.
SOLA comprises images of simulated objects, each associated with three learning attributes:
color, material, and shape.

These objects present a combination of 8 colors, 11 shapes, and 4 materials, with additional
diversity introduced through variations in light settings (3 settings per object) and camera angles
(6 angles per object). In total, it contains 6336 Red Green Blue Alpha (RGBA) images of
synthetic objects.

To assess model generalizability and robustness to noisy inputs, a Variation Test set (Dtest_v)
was created, consisting of 989 RGBA images subjected to transformations such as stretching,
shade changes, or size alterations. Objects in this test set underwent modifications along the x, y,
and z axes, changes in shade darkness or lightness, and resizing to medium or small dimensions.

The dataset was split into various sets, as outlined in Table 1. A Novel Composition Test
set (Dtest_nc) was reserved to evaluate the novel composition capability of the methods, with 9
exclusive learning attribute pairs, while the remaining pairs were incorporated into the Train set
(Dtrain) for word acquisition training.

For complex concept acquisition, we generate a new training dataset (Dtrain_complex) by
merging the Dtrain and Dtest_nc datasets (comprising all non-augmented objects). Subsequently,
we subtract a set of 32 objects from this combined dataset to create a test dataset Dtest_no, com-
posed of 576 objects unseen during training. This approach is essential as complex concepts
involve the composition of two simple concepts and we need to ensure that the model encoun-
ters all possible pairs during training. The composition of a test set of unseen objects allows
the evaluation of the model’s proficiency in recognizing acquired complex concepts in novel
scenarios.

Table 1: Splits on RGBA Images

Split Num Objects

Dtrain 5094
Dtrain_complex 5760

Dtest_nc 1242
Dtest_no 576
Dtest_v 989

3.2 Comparative Learning
Comparative learning is defined by Bao et al. [3] as “the process of finding the similarities
and differences from a set of inputs". The general formulation states that for each learned
concept li in an unconstrained set L = {l1, l2, . . .}, must be assembled a batch of samples
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Bs = {ali
1, . . . ,a

li
n}, that share the label li for similarity learning, and a batch of samples Bd =

{bl j
1 , . . . ,b

l j
n }, j ̸= i that cannot be described by li for difference learning. The process of SIMli

(1) finds the similarities among the examples in Bs, and extract out the representation REPli
expected to refer to li. The process of DIFFli (2) highlights the differences between li and other
non-compatible labels refining the representation REPli .

REPli = SIMli({ali ∈ Bs}) (1)

REPli = DIFFli(a
li,{bl j ∈ Bd}) (2)

3.3 A baseline for primitive concepts
Bao et al. [3] contextualize this training method with a set of fixed visual inputs. For each
concept, e.g., “red,” they assemble a batch of images sharing it for similarity training and a
batch of images that are of any other color (non-compatible) but “red” for difference refinement.
They keep the rest of the attributes the same for better structural alignment.

In their setting, each image of the batches au goes through a pre-trained frozen CLIP image
embedding as the first step. Subsequently, all the image embeddings eu undergo two processes.
The former is information denoising, where the elementwise product of each image embedding
and a filter Fli is computed. The filter is a learning vector the same size as the embedding
that masks the input embedding by selecting only the relevant dimensions that contribute to
the learned concept li. This masked embedding then goes through the attention establishment
process, passing two fully connected layers of an encoder Encli , to output a condensed repre-
sentation ru.

On top of learning the attention filtration process (Fli , Encli), the centroid is computed for
all the sample representations ru from the similarity batch Bs as the condensed representation
REPli for li. For difference learning, all the Bd samples go through the same filtration and
encoding process for the concept li. Finally, the loss function pushes the distance between each
sim batch sample and the centroid close, and it further pushes the diff batch sample representa-
tions and the centroid apart.

This approach jointly trains the filter, the encoder, and the representation, producing a dif-
ferent set of these three objects for each of the learned concepts {li : [Fli,Encli,REPli]}. Our
first goal is to unify the learning of multiple concepts under the same single architecture while
keeping the same training process.

3.4 Hyper-networks for primitive concepts
To overcome the increasing computational cost of a discrete memory of neural networks, we
frame the problem of acquiring multiple concepts as multitask learning: distinguishing objects
by the notion that they represent is a classification task. We thus employ a Hyper-Network [5],
namely Hθ , that is a neural network that given a task representation τli ∈Rh, it predicts a set of
weights for a task-specific network Nφ , such that:

φli = Hθ (τli), li ∈ L (3)

For Nφ we adopt the same architecture proposed by Bao et al. [3], consisting in the filter, the
encoder and the learnable prototypical representation (or “centroid"). We exclude the decoder
component from our framework as we focus on concept learning and we use different techniques
for composition and reasoning.
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As in the original work, the encoder consists of a downsampling linear layer that compresses
the input features to a lower-dimensional space, followed by an upsampling projection to the
output dimensionality. The decoder consists of four upsampling linear layers as originally de-
fined, while the filter and the centroid are single predicted vectors.
We take inspiration from HyperFormer, Mahbadi et al. [16]: our hyper-network Hθ consists in
a multi-layer perceptron h j for each linear layer j, to predict task-specific weights φ j.

τli = CLIPt(li), Hθ = {hF,hEnc,hREP}
Nφli

= {Fli, Encli, REPli}, φli = {φ
F
li , φ

Enc
li , φ

REP
li }

φ
F
li = hF(li)

φ
Enc
li = hEnc(li)

φ
REP
li = hREP(li)

(4)

Each hyper-MLP has the same architecture: one linear layer predicts the projection weight
matrix W and a second one predicts the bias b.

φ
k = hk(li) = {Wk,bk} (5)

The learnable REPli has been introduced as a replacement for computing the prototypical
concept embedding from the average of positive samples, as originally proposed by Bao et
al. [3]: this allows the network to directly predict the prototypical representation given the task
prompt and we show in our experiments that it further stabilizes training.

As concept lessons are represented by linguistic expressions, we employ CLIP’s textual
encoder to embed a notion string into a task embedding τli ∈ Rh, in this case, h = 512.

3.4.1 Casting catastrophic forgetting

Multitask learning architectures such as hyper-networks are subject to the problem of forgetting
examples seen early at training time while optimizing for new ones: this is due to the fact that
firstly the incoming samples may be part of a novel data distribution and thus the network will
gradually shift to new centroids and latent spaces.

To remember past examples, either an additional loss can be added to keep the old concept
representations fixed (a regularizer), or past data points could be re-proposed to the network
with a “replay buffer".

We employ a recent, successful technique that combines these two approaches: Dark Expe-
rience Replay (DER++), introduced by Buzzega et al. [4]. A replay buffer can ensure uniformity
in the stored sample classes with a sampling technique named reservoir strategy: random data
points, e.g. visual examples, are remembered (in rotation) in the buffer, along with the hidden
representations computed by our network at the current time.
Consequently, our hyper-network Hθ will optimize against the original losses for comparative
learning, for each concept li ∈ L:

LSIMli
=

|Bs|

∑
u
Dist(rli

u ,REPli)

LDIFli
=

|Bd |

∑
v
Dist(rli

v ,REPli)

LCOMPli
= (LSIMli

)2 +(1−LDIFli
)2

(6)

6



Given a vector distance function Dist, such as mean squared error.
Furthermore, two additional objectives are added to tackle catastrophic forgetting. As in-

troduced in DER++, we draw two random samples for two arbitrary concepts, from the replay
buffer, namely s

l f
1 = (a

l f
1 ,r

l f
1 ) and slg

2 = (alg
2 ,r

lg
2 ), that is the image sample a and the hidden rep-

resentation r: s1 is used to compute the loss Llogitsl f
, which acts as regularizer to enforce the

same learned representations over time; s2 is used to compute the task-specific loss, in this case
LCOMPlg

.

Llogitsl f
= Dist(Encl f (a

l f
1 ), r

l f
1 )

2

Llabellg = LCOMPlg

(7)

The final regularized objective thus follows:

L = LCOMPli
+α ·Llogits +β ·Llabel (8)

Where α and β are training hyperparameters. This approach has been shown to signifi-
cantly improve accuracy scores as gradually more concepts are learned by our hyper-network,
suffering minimal forgetting with a replay buffer.

3.5 Compound Logical Concepts
Our second research question is whether it is possible to teach more complex concepts through
the same training process, beyond primitives learned in the previous experiments such as colors,
materials, and shapes. We compose these into logical expressions with basic logic operators:
NOT, AND, and OR.

Given an unconstrained set of base concepts L = {l1, l2, . . .}, we considered all possible
logical pairs. For instance, starting from the two simple concepts red, cone, we obtained the set
of complex concepts NOT red, NOT cone, red AND cone, red OR cone.

For each complex concept, we created a similarity batch of images with positive samples
where the logical relation between the two simple concepts is respected. Additionally, a dif-
ference batch with negative samples was generated where the relation is violated. The samples
were paired so that, except for the attributes significant for the truth value of the relation, all
other features were kept constant.

E.g. for the learning of the concept red AND cone, the similarity batch contained posi-
tive images of red cones, while the difference batch included three types of negative samples
corresponding to the three cases in which the AND relation is violated:

Bs = {a | red AND cone}
Bd = {a | red AND NOT cone⊕NOT red AND cone⊕NOT red AND NOT cone}

(9)

On the other hand, for the learning of concepts under the OR relation such as metallic OR cube,
we generate a similarity batch containing the three different cases where the relation holds and
a difference batch where the relation is false:

Bs = {a |metallic AND NOT cube⊕NOT metallic AND cube⊕metallic AND cube}
Bd = {a |NOT metallic AND NOT cube}

(10)

The NOT relation concepts simply present the opposite batch configuration of the sim-
ple concepts. The similarity batch contains positive samples where the concept is not present
whereas the difference batch has negative samples where it is.
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Figure 1: Here is shown an image of a purple plastic torus and the top 10 concepts retrieved
during LPR: 1. Aqua or Torus, 2. Red or Torus, 3. Purple or Glass, 4. Brown or Torus, 5.
Purple and Plastic, 6. Plastic and Torus, 7. Not Plastic, 8. Purple or Gear, 9. Purple or Rubber,
10. Purple and Torus

To test if comparative learning could be used to learn this kind of complex representation
we adopted the model architecture presented by Bao et al. [3].

The model is then evaluated with a modified version of the Multi-Attribute Recognition task
presented in [3]. We further tested our more complex hyper-network in this setup: early exper-
iments highlight complications in the training process that we will discuss in the subsequent
sections.

4 Evaluation
To test the acquisition of primitives, we employ the same cognitive task introduced by Bao et
al. [3]: Multi-Attribute Recognition (MAR). We thus compare the memory-of-networks model
(Baseline), introduced by the authors, with our multi-task hyper-network (HyperMem).

For complex logical expressions, we modify MAR and thus define Logical Pattern Recog-
nition (LPR). As specified before the only significant change between simple and complex
concepts acquisition training is the structure of the similarity and difference batches. In this
setup, we train the Baseline model only with all the possible logical pairs of primitives.

4.1 Multi-Attribute Recognition
In this task, the models are required to detect all the possible attributes (color, shape, material)
associated with a given test image a under two evaluation scenarios: (1) the Novel Composition
Setting, where the images have a combination of attributes not encountered during training,
i.e., a ∈ Dtest_nc; and (2) the Noisy Setting, where the images in the test set are intentionally
subjected to noise, i.e., a ∈ Dtest_v. The models were trained on the training dataset Dtrain.

With the baseline model, for each test image alk
u embedded with CLIP, we go through the

memory and apply the filter and encoder corresponding to each acquired concept lk: this yields
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the concept-specific hidden representation rlk
u , which indicates how much of that concept is

encoded in the test sample. Consequently, for the query image, the presence of all the possible
primitives is quantified by a distance function, such as mean squared error (MSE), from the
prototypical representation of each notion (the centroid, or REPlk). We take the top 3 notions
for which the encoded input image is the closest to the centroid, which does not necessarily
mean that these are respectively a color, a material and a shape; eventually, we compare the top
3 retrieved notions to the ground truth features for that image.

Similarly, we apply the same procedure to our hyper-network, with the only difference that
there is no discrete memory to iterate and each linguistic expression describing the primitive is
provided as input to the network.

4.1.1 Results

Table 2: Top 3 Accuracy Scores for Multi-Attribute Recognition by concept type (higher is
better).

Split Model Color Material Shape

Dtest_v

Baseline 0.95 0.75 0.89
HyperMem 0.56 0,.26 0.66

HyperMem (DER++) 0.74 0.37 0.70

Dtest_nc

Baseline 0.96 0.48 0.98
HyperMem 0.37 0.25 0.73

HyperMem (DER++) 0.71 0.28 0.89

Compatible to the original work, in Table 2 we reproduce high accuracy scores for the
baseline model (baseline) over distorted visual queries in Dtest_v: the lowest score is obtained
in detecting materials, while the highest corresponds to colors as originally observed [3].

We obtain the same pattern with our hyper-networks (HyperMem, HyperMem (DER++)),
but the overall performance is inferior: task-specific neural network weights are encoded in the
hyper-network’s continuous latent space, potentially introducing conflict while optimizing for
each concept and leading to catastrophic forgetting; this is further supported from the largely
inferior performance of our model with no replay buffer (HyperMem).

Moreover, the hyper-network architecture determines its multi-task capacity: as in Hyper-
Former [16], only a single projection layer and a non-linearity function are used to predict
another layer’s weights.

Under the novel composition setting Dtest_nc, we further observe that our hyper-network
augmented with a replay buffer, HyperMem (DER++), achieves comparable but inferior perfor-
mance with respect to the baseline, despite a smaller gap. This suggests that both models can
recognize the presence of basic visual features in objects that differ from any example seen at
training time in terms of visual attributes.

4.2 Logical Pattern Recognition
This second evaluation is performed under two different scenarios: (1) the Novel Objects Set-
ting where the test set contains Objects not seen during training and thus presents novel con-
figurations of their three attributes, i.e., a ∈ Dtest_no; and (2) the Noisy Setting, which is the
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(a) Logical Pattern Recognition task with varying
top-k parameters, revealing higher model scores
at lower k values. The model performs well on
a subset of valid relations even if not all are pre-
cisely matched. AND patterns consistently have
lower scores than OR and NOT patterns.

(b) Analysis of low scores on the three AND
patterns categories: Color AND Material, Color
AND Shape, and Material AND Shape. While
Color AND Shape initially have a negligible er-
ror rate, it increases as more representations are
retrieved. Early trials show elevated error rates
in Color AND Material and Material AND Shape,
suggesting their contribution to low scores.

Figure 2: Results of the Logical Pattern Recognition evaluation on the model architecture pro-
posed by Bao et al. [3]

same of the previous task. The model was trained on the training dataset for complex concepts
acquisition Dtrain_complex.

To assess the acquisition of complex concepts, we modified the Multi-Attribute Recogni-
tion task to align with the logical properties of these. As each complex concept learned by the
model corresponds to a specific logical relation, we tallied the total valid relations associated
with a single image. These relations encompassed the AND, OR, and NOT relations of the
three attributes constituting the image, amounting to a total of 66 relations per image. Subse-
quently, within the top 66 concepts retrieved with the same retrieval procedure described above,
we count as hit only the ones that are true for the evaluated image. We called this task Logical
Pattern Recognition (LPR). We conducted the LPR task across multiple iterations, systemati-
cally altering the top-k parameter for concept retrieval, ranging from 1 to 66—the maximum
count of true relations for each image. This variation enables a comprehensive assessment of
the model’s capability to accurately retrieve representations. A qualitative example of LPR is
shown in Figure 1.

4.2.1 Results

The results of the LPR task are visible in Figure 2. As illustrated in Figure (2a), the model
achieves higher scores at lower k values compared to the complete set of valid representations.
This implies that, even if the model doesn’t precisely match all valid relations for each image,
it still performs well on a subset of them.

Furthermore, our observations reveal that scores for AND patterns are consistently lower
than those for other patterns. This discrepancy can be attributed to the fact that logical OR and
NOT relations impose less stringent constraints on the images they must match to be deemed
valid. The AND pattern is validated only when the target image contains both attributes ref-
erenced by the relation, while the OR pattern requires the image to contain at least one of the
two related attributes. In contrast, the NOT pattern only demands the absence of the attribute it
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Table 3: Top 3 Accuracy Scores for Logical Pattern Recognition by operator (higher is better).

Top-k Num Split Tot NOT AND OR

10 Dtest_no 0.8682 0.9305 0.5667 0.9201
Dtest_v 0.8827 0.9364 0.5878 0.9158

20 Dtest_no 0.8411 0.9344 0.5326 0.8935
Dtest_v 0.8435 0.9261 0.5516 0.8809

30 Dtest_no 0.8185 0.9201 0.4900 0.8738
Dtest_v 0.8179 0.9248 0.5025 0.8599

40 Dtest_no 0.7957 0.9137 0.4444 0.8533
Dtest_v 0.7884 0.9150 0.4478 0.8348

50 Dtest_no 0.7621 0.9057 0.3776 0.8259
Dtest_v 0.7543 0.9081 0.3965 0.8035

60 Dtest_no 0.7157 0.8990 0.3136 0.7847
Dtest_v 0.7052 0.8960 0.3276 0.7605

66 Dtest_no 0.6830 0.8893 0.2794 0.7538
Dtest_v 0.6712 0.8906 0.2919 0.7294

negates in the target image.
To provide a comprehensive overview of the model’s performance, we present a breakdown

of scores across the two evaluation settings and the three logical pattern categories—AND, OR,
and NOT—at six evaluation points, along with a cumulative total. Refer to Table 3 for a detailed
account of these scores.

We proceeded to delve deeper into the underlying factors contributing to the low scores
observed in AND patterns. We analyzed the error rate contributions of the three distinct cat-
egories of AND patterns: Color AND Material, Color AND Shape, and Material AND Shape.
As we can observe in Figure 2b, throughout the evaluation process, the error contribution from
Color AND Shape remained negligible in the initial trials but exhibited an upward trend as the
number of representations retrieved increased. The elevated error rate in the early trials can then
be attributed to the other two categories, namely Color AND Material and Material AND Shape.
Notably, considering the lower scores for materials in Multi-Attributes-Recognition, we can in-
fer that the model’s low performance in adequately representing this attribute category may be
a key factor contributing to its diminished performance in the AND pattern task.

5 Conclusion
One major difficulty of this work consisted in training the multi-task network: hyper-networks
grow exponentially in size (our network counted 29M parameters, compared to the baseline
of 1.6M parameters), depending on the network they are abstracting from the task, which can
dramatically slow down training. Moreover, due to their inductive bias, interpolation between
task-specific weights can lead to concurrent objectives and thus complications such as catas-
trophic forgetting. We conducted early experiments on recent and promising approaches such
as modular, composable skills [19], observing that comparable performance to hyper-networks
is achieved; we consequently aim at expanding our experiments on complex concepts to this
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new type of architecture.

We then demonstrate the capability of comparative learning in enabling models to represent
more complex compound concepts compared to single attribute concepts. To further explore
this, we propose investigating how these learned complex representations could enhance per-
formance in tasks such as image retrieval. This improvement can be achieved by strengthening
the effectiveness of logical expressions used as queries.

A subsequent challenge consists of unifying the learning of multiple complex compound
concepts with a single multi-task model. We hypothesize that prior knowledge of primitive
concepts could ease the learning of compositions of these, specifically logical expressions for
which the semantics of the employed operators are additionally learned. In practice, we would
compare the achieved performance against the sample efficiency of a pre-trained "primitive"
model fine-tuned on logical expressions, with respect to a second model trained on such logical
compositions from scratch.
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