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Multi-Instance Multi-Label Learning for Text-motion Retrieval
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ABSTRACT
Text-motion retrieval (TMR) is a significant cross-modal task that
retrieves motion sequences semantically similar to a given query
text. Existing TMR methods primarily utilize single embeddings to
represent and align text andmotion sequences. However, real-world
motion sequences typically contain multiple atomic motions with
complex semantics, which is hard to precisely capture by single
embeddings. Additionally, the common co-occurring and coupling
of atomic motions further post significant challenges in effective
modeling and aligning text and motion sequences. In this paper,
we regard TMR as a Multi-Instance Multi-Label (MIML) learning
problem, where the motion sequence is viewed as a bag of atomic
motions and the text is the bag of corresponding phrases. To ad-
dress the MIML problem, we propose a novel Multi-Granularity
Semantics Interaction (MGSI) approach, which effectively captures
and aligns the semantics of text and motion sequences across var-
ious levels. Specifically, the MGSI approach initially decomposes
both the query and motion sequences into three hierarchical levels:
token, instance, and bag. Then, we utilize graph neural networks to
explicitly model their semantics correlation and perform semantics
interaction at these respective levels, precisely capturing the seman-
tics at multiple granularities. To identify and model co-occurring
atomic motions, we measure the frame-wise semantic consistency
between motions and then fuse and interact the accordant ones
to refine their representations. Finally, we exploit token, instance,
and bag-wise semantics interaction to comprehensively align text
and motions sequence. We evaluated our methods on two widely-
used benchmark datasets, HumanML3D and KIT-ML. The proposed
method achieves significant improvements, outperforming the state-
of-the-art with a 23.09% increase in Rsum on HumanML3D and a
21.84% increase on KIT-ML.

CCS CONCEPTS
• Information systems → Multimedia and multimodal re-
trieval.

KEYWORDS
Text-motion Retrieval, Multi-modal, Cross-modal Alignment

1 INTRODUCTION
With the tremendous growth of motion generation tools and meth-
ods [7, 17, 22, 26, 27], millions of motion data advent to the world.
The ability to efficiently retrieve specific motion sequences from
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Figure 1: The comparison between the conventional method
and the proposed Multi-Granularity Semantics Interaction
(MGSI) framework for TMR. Different from the conventional
method that represents text andmotion sequence with single
point embeddings to alignment, we align the query text and
the motion sequences in a hierarchical level.

this vast repository has become an increasingly critical need. Text-
motion retrieval (TMR) [15] is a typical multi-modal retrieval task
that aims to retrieve semantically similar motion sequence by the
given query text. Following the paradigms of conventional multi-
modal retrieval, 𝑒.𝑔., text-image and text-video retrieval, numerous
TMR researches [4, 12, 14, 15, 21, 24] are raised. Tevet 𝑒𝑡 𝑎𝑙 . [21]
introduce a MotionCLIP, where a motion auto-encoder is trained
not only to reconstruct motion sequences but also to align their
latent representations with the corresponding textual and visual
representations in the CLIP space [18]. Mathis 𝑒𝑡 𝑎𝑙 . [15] propose
the task of text-motion retrieval and establish a series of evaluation
benchmarks with varying difficulty and introduce a joint synthesis
and retrieval framework. Yan 𝑒𝑡 𝑎𝑙 . [24] adopt a dual-unimodal
transformer encoder to enable a wide range attention in text and
motion sequence and introduce a drop triplet loss function to mine
the false negative samples.

Although existing work has achieved promising retrieval per-
formance, it generally represents both the query text and motion
sequences with a single embedding for alignment. However, in
text-motion retrieval, the text and motion sequence typically con-
tain multiple instance, 𝑖 .𝑒 ., atomic motions in a motion sequence,
verb phrases in a sentence, and include distinct semantics instead
of the single samples with unique semantic. As shown in Fig. 1,
the text-motion pair contains three atomic motions, 𝑖 .𝑒 ., “walking”,
“carrying” and “put down”. The conventional methodsmay fall short
in accurately modeling the complicated semantics of these atomic
motions due to the simple representation approach. In addition,
these multiple atomic motions are usually co-occurring and over-
lapping with each other. As shown in Fig. 1, the motion “walking”
and “carrying” are co-occurring and overlapping with each other.
Solely aligning the single representation of query text and motion
sequence may struggle to achieve a accurate cross-modal relation
matching in these co-occurring motions, degenerating the retrieval
performance. It is necessary to develop a effective method that

https://doi.org/10.1145/nnnnnnn.nnnnnnn
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explicitly represents and accurately aligns multiple atomic motions
and corresponding text.

In this work, we argue that the text-motion retrieval can be
viewed as a classical learning problem, Multi-Instance Multi-Label
(MIML) [32], where sample is defined as a bag of multiple instances
and associated with multiple class label. Thus, we regard the text-
motion retrieval task as the MIML learning problem, in which the
motion sequence is a bag of atomic motions and the query text is
a bag of phrases corresponding to atomic motions. To address the
MIML problem of TMR, we propose a Multi-Granularity Semantics
Interaction (MGSI) approach as shown in right of Fig. 1. Specifi-
cally, in MGSI, we start by decomposing text and motion sequences
into three hierarchical levels: token, instance, and bag to represent
various granularity semantics. We employ graph neural networks
to build a text and motion graph, where the noun phrases, verbs,
and sentence (frames, atomic motions, and sequence) are viewed as
the token, instance, bag-wise nodes, respectively. Then, we propose
a novel co-occurrence motions mining approach that measures the
semantics consistency in frame-wise to score the atomic motions.
With the consistency score, the co-occurring atomic motions could
be identified and fused to generate the co-occurrence features for
update the instance nodes. The graph reasoning is applied on the
update graph to capture the complex relationships among these
components effectively. After that, we introduce a semantic inter-
action in token, instance, and bag-wise to migrate the semantics
correlation between text and motion sequence, achieving a precise
cross-modal alignment. Comprehensive evaluations conducted on
two widely used benchmark datasets, HumanML3D and KIT-ML,
demonstrate that the proposed MGSI surpasses the state-of-the-art
methods in a clear margin.

The main contributions of our work are summarised as follows:
• In this work, we formulate the text-motion retrieval as a
Multi-Instance Multi-Label (MIML) learning problem, where
text sequences are treated as a bag of verbs and motion
sequences as a bag of atomic motion instances. To the best
of our knowledge, this is the first attempt to model the text-
motion retrieval as MIML problem.

• We propose a novel multi-granularity semantics interaction
(MGSI) approach to address the MIML problem of TMR, in
which we exploit the graph neural networks to decompose
the text and motion sequences into token, instance, and
bag and perform cross-modal semantics interaction in the
corresponding granularity to enable a precise cross-modal
alignment.

• Extensive experiments on twowidely-used benchmark datasets,
HumanML3D [4] and KIT-ML [16], demonstrate that our
proposed method surpasses the state-of-the-art, achieving
a 23.09% increase in Rsum on HumanML3D and a 21.84%
increase on KIT-ML.

2 RELATEDWORK
2.1 Text-motion retrieval
Text-motion retrieval is received much attention in recent years [12,
15], which aims to retrieve semantics relevant motion sequences by
a given natural language. Different from conventional cross-modal
retrieval [6, 23, 28, 29, 31], the TMR is a challenging task due to the

sequence involving multiple motions with complex semantics. In
general, existing TMR methods [4, 12, 14, 15, 21, 24] follow text-
to-image or text-to-video retrieval, representing query and motion
sequences as single-point embeddings in a common space to be re-
trieved based on their distance. Guo 𝑒𝑡 𝑎𝑙 . [4] adopts the triplet loss
function to perform the motion retrieval, which is used for evaluate
the synthesis models. Mathis 𝑒𝑡 𝑎𝑙 . [15] firstly establish the text to
3D human motion retrieval as a standalone task. They simply ex-
tend the state-of-the-art text-motion synthesis model TEMOS [14]
to TMR by employing the contrastive learning widely used in in-
formation retrieval. Nicola 𝑒𝑡 𝑎𝑙 . [12] investigate the content-based
large volumes of spatio-temporal skeleton data retrieval by exploit-
ing the transformer-based approach that consists of a ViViT-based
motion encoder and CLIP-based [18] text encoder. Yan 𝑒𝑡 𝑎𝑙 . [24]
investigate the false negative samples that semantically similar to
the anchor but are defined as the negative samples in TMR and
propose a drop triplet loss function to calibrate the supervision
provided by these false negative samples. However, these methods
primarily focus on representing the motion sequence with complex
semantics to a global representation for alignment. It inadequately
captures the diverse semantics within the motion sequence and
hardly enables a comprehensive cross-modal alignment.

2.2 Multi-instance multi-label learning
Multi-instance multi-label learning (MIML) [32] is a classical learn-
ing problem that is close to the real-world scenarios. Different from
the multi-instance learning [2] and multi-label learning [30], the
MIML is a more general problem. In MIML, a sample is defined as a
bag of multiple instances and associated with multiple class labels.
Yang 𝑒𝑡 . 𝑎𝑙 [25] introduce the MIML into the privileged information
and propose a MIML-FCN+ network to utilize the readily available
privileged bags, making the system more general and practical in
real world applications. Pan 𝑒𝑡 . 𝑎𝑙 [13] view the semi-supervised
automatic waveform recognition as a MIML problem and propose
a MIML-GAN in which a GAN is incorporated to MIML principle
to establish the adversarial learning structure, through which the
generator and the discriminator alternatively improve their feature
representation and classification abilities, respectively. Lai 𝑒𝑡 . 𝑎𝑙 [9]
introduce MIML into medical image classification and propose a
broad multi-instance multi-label learning to jointly learn multiple
sub-networks in a broad sense so that the diverse correlations be-
tween bags, instances, and labels can be simultaneously captured.
In this work, we regard the text-motion retrieval as MIML problem
and propose a multi-granularity semantics interaction that explic-
itly disentangle the text and motion into token, instance, and bag
and exploits the graph neural networks to model correlation of
these components. Through applying semantics interaction in cor-
responding granularity, the MGSI achieves state-of-the-art retrieval
performance in two benchmark datasets.

3 PRELIMINARY
Given a training dataset D = {(𝑇𝑖 , 𝑀𝑖 )}𝑁𝑖=1 with 𝑁 text-motion
pairs, text-motion retrieval (TMR) aims to retrieve the semantics
relevant motion sequences with the query text (for clarity, we omit
the sample index in the following sections). Conventional TMR
represents the text and motion as the single point features 𝒕 and 𝒎
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<latexit sha1_base64="1WKJzJ5MGoHom+7wwU4n7dffwQo=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1ygYa2M2k7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIONPGdb+czNr6xuZWdju3s7u3f5A/PKrrMFYUajTkoWoGRANnEmqGGQ7NSAERAYdGMLyZ+o0RKM1CeW/GEfiC9CXrMUqMlR7agUjEpAOPpU6+4BbdGfAq8VJSQCmqnfx3uxvSWIA0lBOtW54bGT8hyjDKYZJrxxoiQoekDy1LJRGg/WS28QSfWaWLe6GyRxo8U/8mEiK0HovATgpiBnrZm4r/eoGwMv69XYFtwz5u8AioCZVeXMv0rvyEySg2IOl8q17MsQnxtCvcZcqm+NgSQhWzH8N0QBShxjaas415y/2sknqp6JWL5buLQuU67S6LTtApOkceukQVdIuqqIYokugJPaMX59V5c96dj/loxkkzx2gBzucP+yKivA==</latexit>

m2
e

<latexit sha1_base64="HQ/QiGrs1hxKR48ZF0X3YczxINY=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRk16JLoxiUm8ogwkk65QEPbmbQdEjLhL9xq/Bp3xq1+jRaYGAFP0uTknHva2xNEnGnjul9OZmV1bX0ju5nb2t7Z3cvvH9R0GCsKVRryUDUCooEzCVXDDIdGpICIgEM9GNxM/PoQlGahvDejCHxBepJ1GSXGSg+tQCRi3IbH83a+4BbdKfAy8VJSQCkq7fx3qxPSWIA0lBOtm54bGT8hyjDKYZxrxRoiQgekB01LJRGg/WS68RifWKWDu6GyRxo8Vf8mEiK0HonATgpi+nrRm4j/eoGwMv69XYFtwz5u8BCoCZWeX8t0r/yEySg2IOlsq27MsQnxpCvcYcqm+MgSQhWzH8O0TxShxjaas415i/0sk9pZ0SsVS3cXhfJ12l0WHaFjdIo8dInK6BZVUBVRJNETekYvzqvz5rw7H7PRjJNmDtEcnM8f/NOivQ==</latexit>

m3
e

<latexit sha1_base64="NEgDfssw61iltpI/uGgmV4bD4l0=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRmj6JLoxiUm8ogwkk65QEPbmbQdEjLhL9xq/Bp3xq1+jRaYGAFP0uTknHva2xNEnGnjul9OZmV1bX0ju5nb2t7Z3cvvH9R0GCsKVRryUDUCooEzCVXDDIdGpICIgEM9GNxM/PoQlGahvDejCHxBepJ1GSXGSg+tQCRi3IbHi3a+4BbdKfAy8VJSQCkq7fx3qxPSWIA0lBOtm54bGT8hyjDKYZxrxRoiQgekB01LJRGg/WS68RifWKWDu6GyRxo8Vf8mEiK0HonATgpi+nrRm4j/eoGwMv69XYFtwz5u8BCoCZWeX8t0r/yEySg2IOlsq27MsQnxpCvcYcqm+MgSQhWzH8O0TxShxjaas415i/0sk9pZ0SsVS3fnhfJ12l0WHaFjdIo8dInK6BZVUBVRJNETekYvzqvz5rw7H7PRjJNmDtEcnM8fAESivw==</latexit>

m5
e

<latexit sha1_base64="tfuQOSMOT1760BIe+1+dLFz4JLE=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDLpnTY0yQxJplCG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIOdPGdT+d3Mrq2vpGfrOwtb2zu1fcP2joKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLye+s0RKM0ieWfGMfiC9CULGSXGSvedQKRi0oWHSrdYcsvuDPgv8TJSQhlq3eJXpxfRRIA0lBOt254bGz8lyjDKYVLoJBpiQoekD21LJRGg/XS28QSfWKWHw0jZIw2eqb8TKRFaj0VgJwUxA73sTcV/vUBYGf/crsC2YR83eATUREovrmXCSz9lMk4MSDrfKkw4NhGedoV7TNkUH1tCqGL2Y5gOiCLU2EYLtjFvuZ+/pHFW9irlyu15qXqVdZdHR+gYnSIPXaAqukE1VEcUSfSIntCz8+K8Om/O+3w052SZQ7QA5+MbAfWiwA==</latexit>

m6
e

<latexit sha1_base64="MSi6ekmZOvnKNNhLZGqCL+tE4Y8=">AAACHnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Y8mkmTY0yQxJplCG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIOdPGdT+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvp35zRJVmkbwz45j6AvclCxnBxkr3nUCkYtLFD163WHLL7gzoL/EyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwumk0Ek0jTEZ4j5tWyqxoNpPZxtP0IlVeiiMlD3SoJn6O5FiofVYBHZSYDPQy95U/NcLhJXRz+2K2jbs4waNKDGR0otrmfDST5mME0MlmW8VJhyZCE27Qj2mbIqPLcFEMfsxRAZYYWJsowXbmLfcz1/SOCt7lXLl9rxUvcq6y8MRHMMpeHABVbiBGtSBgIRHeIJn58V5dd6c9/lozskyh7AA5+Mb8qWitw==</latexit>

m1
a

<latexit sha1_base64="UMFSmPzyUaukXituNA9k6MSrFCc=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1SoKHtTNo7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIBDfgul9OZm19Y3Mru53b2d3bP8gfHtVNGGvKajQUoW4GxDDBFasBB8GakWZEBoI1guHN1G+MmDY8VPcwjpgvSV/xHqcErPTQDmQiJx3yWOrkC27RnQGvEi8lBZSi2sl/t7shjSVTQAUxpuW5EfgJ0cCpYJNcOzYsInRI+qxlqSKSGT+ZbTzBZ1bp4l6o7VGAZ+rfREKkMWMZ2ElJYGCWvan4rxdIK+Pf2zWzbdjHAY8YhVCbxbWgd+UnXEUxMEXnW/VigSHE065wl2ubEmNLCNXcfgzTAdGEgm00ZxvzlvtZJfVS0SsXy3cXhcp12l0WnaBTdI48dIkq6BZVUQ1RpNATekYvzqvz5rw7H/PRjJNmjtECnM8f9FaiuA==</latexit>

m2
a

<latexit sha1_base64="slB6ehePx25srLvF/xQKDr6GSuQ=">AAACHHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSia9bUPzGJJMoQz9CbeKX+NO3Ap+jabtILb1QOBwzj3JzYlizoz1/S9vbX1jc2s7t5Pf3ds/OCwcHdeNSjSFGlVc6WZEDHAmoWaZ5dCMNRARcWhEw7up3xiBNkzJRzuOIRSkL1mPUWKd1GxHIhWTjuoUin7JnwGvkiAjRZSh2il8t7uKJgKkpZwY0wr82IYp0ZZRDpN8OzEQEzokfWg5KokAE6azfSf43Cld3FPaHWnxTP2bSIkwZiwiNymIHZhlbyr+60XCyfj3dg2uC/e4xSOgVmmzuJbt3YQpk3FiQdL5Vr2EY6vwtCncZdql+NgRQjVzH8N0QDSh1vWZd40Fy/2skvplKSiXyg9Xxcpt1l0OnaIzdIECdI0q6B5VUQ1RxNETekYv3qv35r17H/PRNS/LnKAFeJ8/xyeiIg==</latexit>mo

<latexit sha1_base64="C1B2zY3jXnPldOSytSrYant6jss=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDLpnTY0yQxJplCG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIOdPGdT+d3Mrq2vpGfrOwtb2zu1fcP2joKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLye+s0RKM0ieWfGMfiC9CULGSXGSvedQKRi0oUHr1ssuWV3BvyXeBkpoQy1bvGr04toIkAayonWbc+NjZ8SZRjlMCl0Eg0xoUPSh7alkgjQfjrbeIJPrNLDYaTskQbP1N+JlAitxyKwk4KYgV72puK/XiCsjH9uV2DbsI8bPAJqIqUX1zLhpZ8yGScGJJ1vFSYcmwhPu8I9pmyKjy0hVDH7MUwHRBFqbKMF25i33M9f0jgre5Vy5fa8VL3KusujI3SMTpGHLlAV3aAaqiOKJHpET+jZeXFenTfnfT6ac7LMIVqA8/EN+XGiuw==</latexit>

m1
e

<latexit sha1_base64="Ah5qEYJEj5sgFW6uaZep8jpCfbk=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRlD0CXRjUtM5BFhJJ1ygYa2M2k7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIONPGdb+czNr6xuZWdju3s7u3f5A/PKrrMFYUajTkoWoGRANnEmqGGQ7NSAERAYdGMLyZ+o0RKM1CeW/GEfiC9CXrMUqMlR7agUjEpAOPpU6+4BbdGfAq8VJSQCmqnfx3uxvSWIA0lBOtW54bGT8hyjDKYZJrxxoiQoekDy1LJRGg/WS28QSfWaWLe6GyRxo8U/8mEiK0HovATgpiBnrZm4r/eoGwMv69XYFtwz5u8AioCZVeXMv0rvyEySg2IOl8q17MsQnxtCvcZcqm+NgSQhWzH8N0QBShxjaas415y/2skvpF0SsXy3elQuU67S6LTtApOkceukQVdIuqqIYokugJPaMX59V5c96dj/loxkkzx2gBzucP/oSivg==</latexit>

m4
e

<latexit sha1_base64="/Dj9JD0K4Z5b1phKSeyyen+RIwE=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRljwCXRjUtM5BFhJJ1ygYa2M2k7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIONPGdb+czNr6xuZWdju3s7u3f5A/PKrrMFYUajTkoWoGRANnEmqGGQ7NSAERAYdGMLyZ+o0RKM1CeW/GEfiC9CXrMUqMlR7agUjEpAOP5U6+4BbdGfAq8VJSQCmqnfx3uxvSWIA0lBOtW54bGT8hyjDKYZJrxxoiQoekDy1LJRGg/WS28QSfWaWLe6GyRxo8U/8mEiK0HovATgpiBnrZm4r/eoGwMv69XYFtwz5u8AioCZVeXMv0rvyEySg2IOl8q17MsQnxtCvcZcqm+NgSQhWzH8N0QBShxjaas415y/2skvpF0SsVS3eXhcp12l0WnaBTdI48VEYVdIuqqIYokugJPaMX59V5c96dj/loxkkzx2gBzucPA6aiwQ==</latexit>

m7
e

<latexit sha1_base64="1WKJzJ5MGoHom+7wwU4n7dffwQo=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1ygYa2M2k7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIONPGdb+czNr6xuZWdju3s7u3f5A/PKrrMFYUajTkoWoGRANnEmqGGQ7NSAERAYdGMLyZ+o0RKM1CeW/GEfiC9CXrMUqMlR7agUjEpAOPpU6+4BbdGfAq8VJSQCmqnfx3uxvSWIA0lBOtW54bGT8hyjDKYZJrxxoiQoekDy1LJRGg/WS28QSfWaWLe6GyRxo8U/8mEiK0HovATgpiBnrZm4r/eoGwMv69XYFtwz5u8AioCZVeXMv0rvyEySg2IOl8q17MsQnxtCvcZcqm+NgSQhWzH8N0QBShxjaas415y/2sknqp6JWL5buLQuU67S6LTtApOkceukQVdIuqqIYokugJPaMX59V5c96dj/loxkkzx2gBzucP+yKivA==</latexit>

m2
e

<latexit sha1_base64="HQ/QiGrs1hxKR48ZF0X3YczxINY=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRk16JLoxiUm8ogwkk65QEPbmbQdEjLhL9xq/Bp3xq1+jRaYGAFP0uTknHva2xNEnGnjul9OZmV1bX0ju5nb2t7Z3cvvH9R0GCsKVRryUDUCooEzCVXDDIdGpICIgEM9GNxM/PoQlGahvDejCHxBepJ1GSXGSg+tQCRi3IbH83a+4BbdKfAy8VJSQCkq7fx3qxPSWIA0lBOtm54bGT8hyjDKYZxrxRoiQgekB01LJRGg/WS68RifWKWDu6GyRxo8Vf8mEiK0HonATgpi+nrRm4j/eoGwMv69XYFtwz5u8BCoCZWeX8t0r/yEySg2IOlsq27MsQnxpCvcYcqm+MgSQhWzH8O0TxShxjaas415i/0sk9pZ0SsVS3cXhfJ12l0WHaFjdIo8dInK6BZVUBVRJNETekYvzqvz5rw7H7PRjJNmDtEcnM8f/NOivQ==</latexit>

m3
e

<latexit sha1_base64="NEgDfssw61iltpI/uGgmV4bD4l0=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRmj6JLoxiUm8ogwkk65QEPbmbQdEjLhL9xq/Bp3xq1+jRaYGAFP0uTknHva2xNEnGnjul9OZmV1bX0ju5nb2t7Z3cvvH9R0GCsKVRryUDUCooEzCVXDDIdGpICIgEM9GNxM/PoQlGahvDejCHxBepJ1GSXGSg+tQCRi3IbHi3a+4BbdKfAy8VJSQCkq7fx3qxPSWIA0lBOtm54bGT8hyjDKYZxrxRoiQgekB01LJRGg/WS68RifWKWDu6GyRxo8Vf8mEiK0HonATgpi+nrRm4j/eoGwMv69XYFtwz5u8BCoCZWeX8t0r/yEySg2IOlsq27MsQnxpCvcYcqm+MgSQhWzH8O0TxShxjaas415i/0sk9pZ0SsVS3fnhfJ12l0WHaFjdIo8dInK6BZVUBVRJNETekYvzqvz5rw7H7PRjJNmDtEcnM8fAESivw==</latexit>

m5
e

<latexit sha1_base64="tfuQOSMOT1760BIe+1+dLFz4JLE=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDLpnTY0yQxJplCG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIOdPGdT+d3Mrq2vpGfrOwtb2zu1fcP2joKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLye+s0RKM0ieWfGMfiC9CULGSXGSvedQKRi0oWHSrdYcsvuDPgv8TJSQhlq3eJXpxfRRIA0lBOt254bGz8lyjDKYVLoJBpiQoekD21LJRGg/XS28QSfWKWHw0jZIw2eqb8TKRFaj0VgJwUxA73sTcV/vUBYGf/crsC2YR83eATUREovrmXCSz9lMk4MSDrfKkw4NhGedoV7TNkUH1tCqGL2Y5gOiCLU2EYLtjFvuZ+/pHFW9irlyu15qXqVdZdHR+gYnSIPXaAqukE1VEcUSfSIntCz8+K8Om/O+3w052SZQ7QA5+MbAfWiwA==</latexit>

m6
e

<latexit sha1_base64="jZZ0Fit+A6bTOFOho1clfhx6o7E=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDJppg1NMkNyp1CG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIBTfgup9ObmV1bX0jv1nY2t7Z3SvuHzRMlGjK6jQSkW4FxDDBFasDB8FasWZEBoI1g+H11G+OmDY8UncwjpkvSV/xkFMCVrrvBDKFSZc8eN1iyS27M+C/xMtICWWodYtfnV5EE8kUUEGMaXtuDH5KNHAq2KTQSQyLCR2SPmtbqohkxk9nG0/wiVV6OIy0PQrwTP2dSIk0ZiwDOykJDMyyNxX/9QJpZfxzu2a2Dfs44BGjEGmzuBaEl37KVZwAU3S+VZgIDBGedoV7XNuUGFtCqOb2Y5gOiCYUbKMF25i33M9f0jgre5Vy5fa8VL3KusujI3SMTpGHLlAV3aAaqiOKFHpET+jZeXFenTfnfT6ac7LMIVqA8/EN/p+ivg==</latexit>

t1a
<latexit sha1_base64="2TIyyqo+VJYsI17PfeiEdRp1M3I=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1SoKHtTNo7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIBDfgul9OZm19Y3Mru53b2d3bP8gfHtVNGGvKajQUoW4GxDDBFasBB8GakWZEBoI1guHN1G+MmDY8VPcwjpgvSV/xHqcErPTQDmQCkw55LHXyBbfozoBXiZeSAkpR7eS/292QxpIpoIIY0/LcCPyEaOBUsEmuHRsWETokfdayVBHJjJ/MNp7gM6t0cS/U9ijAM/VvIiHSmLEM7KQkMDDL3lT81wuklfHv7ZrZNuzjgEeMQqjN4lrQu/ITrqIYmKLzrXqxwBDiaVe4y7VNibElhGpuP4bpgGhCwTaas415y/2sknqp6JWL5buLQuU67S6LTtApOkceukQVdIuqqIYoUugJPaMX59V5c96dj/loxkkzx2gBzucPAF+ivw==</latexit>

t2a

<latexit sha1_base64="ad1hcWTEMVptXZhTeS2OYvAED64=">AAACHHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZN29A8huROoQz9CbeKX+NO3Ap+jabtILb1QOBwzj3JzYliwS34/pe3tr6xubWd28nv7u0fHBaOjutWJ4ayGtVCm2ZELBNcsRpwEKwZG0ZkJFgjGt5N/caIGcu1eoRxzEJJ+or3OCXgpGY7kilMOrpTKPolfwa8SoKMFFGGaqfw3e5qmkimgApibSvwYwhTYoBTwSb5dmJZTOiQ9FnLUUUks2E623eCz53SxT1t3FGAZ+rfREqktWMZuUlJYGCXvan4rxdJJ+Pf2w1zXbjHAY8YBW3s4lrQuwlTruIEmKLzrXqJwKDxtCnc5calxNgRQg13H8N0QAyh4PrMu8aC5X5WSf2yFJRL5YerYuU26y6HTtEZukABukYVdI+qqIYoEugJPaMX79V78969j/nompdlTtACvM8f0xOiKQ==</latexit>

to

<latexit sha1_base64="fACbw5up9kh+l7sXDwXm3qWEz88=">AAACHnicbVBNSwMxFMz6WetX1aOXYBE8lV0R9Vj04rGC1aJdSzZ92waT7JK8FcrSf+FV8dd4E6/6azRtF7HqQGCYeZO8TJRKYdH3P7yZ2bn5hcXSUnl5ZXVtvbKxeWmTzHBo8kQmphUxC1JoaKJACa3UAFORhKvo7nTkX92DsSLRFzhIIVSsp0UsOEMnXbcjleOwA7dBp1L1a/4Y9C8JClIlBRqdyme7m/BMgUYumbU3gZ9imDODgksYltuZhZTxO9aDG0c1U2DDfLzxkO46pUvjxLijkY7Vn4mcKWsHKnKTimHf/vZG4r9epJxMv2834NpwjyO9B46JsdNrYXwc5kKnGYLmk63iTFJM6Kgr2hXGpeTAEcaNcB+jvM8M4+gaLbvGgt/9/CWX+7XgsHZ4flCtnxTdlcg22SF7JCBHpE7OSIM0CSeaPJBH8uQ9ey/eq/c2GZ3xiswWmYL3/gUFeqLC</latexit>

t1e
<latexit sha1_base64="g+5/J+3jLBGTo6dVGo6+XuXJvv0=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjNF1GXRjcsK9oFtLZn01oYmmSG5I5Shf+FW8WvciVv9Gk0fiK0eCBzOuSe5OWEshUXf//QyS8srq2vZ9dzG5tb2Tn53r2ajxHCo8khGphEyC1JoqKJACY3YAFOhhHo4uBz79QcwVkT6BocxtBW716InOEMn3bZCleKoA3elTr7gF/0J6F8SzEiBzFDp5L9a3YgnCjRyyaxtBn6M7ZQZFFzCKNdKLMSMD9g9NB3VTIFtp5ONR/TIKV3ai4w7GulE/Z1ImbJ2qEI3qRj27aI3Fv/1QuVk+nO7AdeGexzpA3CMjJ1fC3vn7VToOEHQfLpVL5EUIzruinaFcSk5dIRxI9zHKO8zwzi6RnOusWCxn7+kVioGp8XT65NC+WLWXZYckENyTAJyRsrkilRIlXCiySN5Is/ei/fqvXnv09GMN8vskzl4H98HK6LD</latexit>

t2e
<latexit sha1_base64="VbKS2H3im44xUc3Is/OfPaWvGTw=">AAACHnicbVBNSwMxFMzWr1q/qh69BIvgqeyqVI9FLx4rWBXbtWTTVw0m2SV5WyhL/4VXxV/jTbzqr9G0LmKtA4Fh5k3yMlEihUXf//AKM7Nz8wvFxdLS8srqWnl948LGqeHQ5LGMzVXELEihoYkCJVwlBpiKJFxG9ycj/7IPxopYn+MggVCxWy16gjN00nU7UhkOO3Cz3ylX/Ko/Bp0mQU4qJEejU/5sd2OeKtDIJbO2FfgJhhkzKLiEYamdWkgYv2e30HJUMwU2zMYbD+mOU7q0Fxt3NNKx+juRMWXtQEVuUjG8s3+9kfivFykn05/bDbg23ONI+8AxNnZyLewdhZnQSYqg+fdWvVRSjOmoK9oVxqXkwBHGjXAfo/yOGcbRNVpyjQV/+5kmF3vVoFatnR1U6sd5d0WyRbbJLgnIIamTU9IgTcKJJg/kkTx5z96L9+q9fY8WvDyzSSbgvX8BCNyixA==</latexit>

t3e
<latexit sha1_base64="BMA+pVSUbfjxBWdhC99EwPsGrH0=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9oFtLZn01oYmmSG5I5Shf+FW8WvciVv9Gk0fiK0eCBzOuSe5OWEshUXf//QyS8srq2vZ9dzG5tb2Tn53r2ajxHCo8khGphEyC1JoqKJACY3YAFOhhHo4uBz79QcwVkT6BocxtBW716InOEMn3bZCleKoA3elTr7gF/0J6F8SzEiBzFDp5L9a3YgnCjRyyaxtBn6M7ZQZFFzCKNdKLMSMD9g9NB3VTIFtp5ONR/TIKV3ai4w7GulE/Z1ImbJ2qEI3qRj27aI3Fv/1QuVk+nO7AdeGexzpA3CMjJ1fC3vn7VToOEHQfLpVL5EUIzruinaFcSk5dIRxI9zHKO8zwzi6RnOusWCxn7+kdlIMToun16VC+WLWXZYckENyTAJyRsrkilRIlXCiySN5Is/ei/fqvXnv09GMN8vskzl4H98KjaLF</latexit>

t4e

<latexit sha1_base64="HM1695oMol8yccJUeDC+dZ1IfdE=">AAACFHicbVC9S8NAHL3Ur1q/oo5dDovgICUpUp2k2MWxgv2AJoTL5dIevUvC3UUooYP/hP+Cq+5u4uru6l/ipc2grQ8OHu/9vu75CaNSWdaXUVpb39jcKm9Xdnb39g/Mw6OejFOBSRfHLBYDH0nCaES6iipGBokgiPuM9P1JO/f7D0RIGkf3apoQl6NRREOKkdKSZ1YdjtQYI5a1Z15mnzdm8Bo6TA8IkGfWrLo1B1wldkFqoEDHM7+dIMYpJ5HCDEk5tK1EuRkSimJGZhUnlSRBeIJGZKhphDiRbjb/xAyeaiWAYSz0ixScq787MsSlnHJfV+Yny2UvF//1fL60WYVXbkajJFUkwovFYcqgimGeEAyoIFixqSYIC6pvh3iMBMJK51jRodjLEaySXqNuN+vNu4ta66aIpwyq4AScARtcgha4BR3QBRg8gmfwAl6NJ+PNeDc+FqUlo+g5Bn9gfP4AP6qd/A==</latexit>C1,2 > �

<latexit sha1_base64="/U8GVEGxzJq0iGYFdRDXC5+1nxY=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieCqJFPVY9OLBQwX7AU0om+2mXbrZhN2JWEK8+Fe8eFDEq//Cm//GTZuDtj4YeLw3w8w8P+ZMgW1/G6Wl5ZXVtfJ6ZWNza3vH3N1rqyiRhLZIxCPZ9bGinAnaAgacdmNJcehz2vHHV7nfuadSsUjcwSSmXoiHggWMYNBS3zxwQwwjgnl6k/VTF+gDpD4eZlnfrNo1ewprkTgFqaICzb755Q4ikoRUAOFYqZ5jx+ClWAIjnGYVN1E0xmSMh7SnqcAhVV46/SCzjrUysIJI6hJgTdXfEykOlZqEvu7M71XzXi7+5/USCC68lIk4ASrIbFGQcAsiK4/DGjBJCfCJJphIpm+1yAhLTECHVtEhOPMvL5L2ac05q9Vv69XGZRFHGR2iI3SCHHSOGugaNVELEfSIntErejOejBfj3fiYtZaMYmYf/YHx+QO3IJe4</latexit>Lbag
<latexit sha1_base64="ad1hcWTEMVptXZhTeS2OYvAED64=">AAACHHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZN29A8huROoQz9CbeKX+NO3Ap+jabtILb1QOBwzj3JzYliwS34/pe3tr6xubWd28nv7u0fHBaOjutWJ4ayGtVCm2ZELBNcsRpwEKwZG0ZkJFgjGt5N/caIGcu1eoRxzEJJ+or3OCXgpGY7kilMOrpTKPolfwa8SoKMFFGGaqfw3e5qmkimgApibSvwYwhTYoBTwSb5dmJZTOiQ9FnLUUUks2E623eCz53SxT1t3FGAZ+rfREqktWMZuUlJYGCXvan4rxdJJ+Pf2w1zXbjHAY8YBW3s4lrQuwlTruIEmKLzrXqJwKDxtCnc5calxNgRQg13H8N0QAyh4PrMu8aC5X5WSf2yFJRL5YerYuU26y6HTtEZukABukYVdI+qqIYoEugJPaMX79V78969j/nompdlTtACvM8f0xOiKQ==</latexit>

to
<latexit sha1_base64="slB6ehePx25srLvF/xQKDr6GSuQ=">AAACHHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSia9bUPzGJJMoQz9CbeKX+NO3Ap+jabtILb1QOBwzj3JzYlizoz1/S9vbX1jc2s7t5Pf3ds/OCwcHdeNSjSFGlVc6WZEDHAmoWaZ5dCMNRARcWhEw7up3xiBNkzJRzuOIRSkL1mPUWKd1GxHIhWTjuoUin7JnwGvkiAjRZSh2il8t7uKJgKkpZwY0wr82IYp0ZZRDpN8OzEQEzokfWg5KokAE6azfSf43Cld3FPaHWnxTP2bSIkwZiwiNymIHZhlbyr+60XCyfj3dg2uC/e4xSOgVmmzuJbt3YQpk3FiQdL5Vr2EY6vwtCncZdql+NgRQjVzH8N0QDSh1vWZd40Fy/2skvplKSiXyg9Xxcpt1l0OnaIzdIECdI0q6B5VUQ1RxNETekYv3qv35r17H/PRNS/LnKAFeJ8/xyeiIg==</latexit>mo

Bag-wise

Semantic Interaction
<latexit sha1_base64="jZZ0Fit+A6bTOFOho1clfhx6o7E=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDJppg1NMkNyp1CG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIBTfgup9ObmV1bX0jv1nY2t7Z3SvuHzRMlGjK6jQSkW4FxDDBFasDB8FasWZEBoI1g+H11G+OmDY8UncwjpkvSV/xkFMCVrrvBDKFSZc8eN1iyS27M+C/xMtICWWodYtfnV5EE8kUUEGMaXtuDH5KNHAq2KTQSQyLCR2SPmtbqohkxk9nG0/wiVV6OIy0PQrwTP2dSIk0ZiwDOykJDMyyNxX/9QJpZfxzu2a2Dfs44BGjEGmzuBaEl37KVZwAU3S+VZgIDBGedoV7XNuUGFtCqOb2Y5gOiCYUbKMF25i33M9f0jgre5Vy5fa8VL3KusujI3SMTpGHLlAV3aAaqiOKFHpET+jZeXFenTfnfT6ac7LMIVqA8/EN/p+ivg==</latexit>

t1a
<latexit sha1_base64="2TIyyqo+VJYsI17PfeiEdRp1M3I=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1SoKHtTNo7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIBDfgul9OZm19Y3Mru53b2d3bP8gfHtVNGGvKajQUoW4GxDDBFasBB8GakWZEBoI1guHN1G+MmDY8VPcwjpgvSV/xHqcErPTQDmQCkw55LHXyBbfozoBXiZeSAkpR7eS/292QxpIpoIIY0/LcCPyEaOBUsEmuHRsWETokfdayVBHJjJ/MNp7gM6t0cS/U9ijAM/VvIiHSmLEM7KQkMDDL3lT81wuklfHv7ZrZNuzjgEeMQqjN4lrQu/ITrqIYmKLzrXqxwBDiaVe4y7VNibElhGpuP4bpgGhCwTaas415y/2sknqp6JWL5buLQuU67S6LTtApOkceukQVdIuqqIYoUugJPaMX59V5c96dj/loxkkzx2gBzucPAF+ivw==</latexit>

t2a
<latexit sha1_base64="MSi6ekmZOvnKNNhLZGqCL+tE4Y8=">AAACHnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae2Y8mkmTY0yQxJplCG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIOdPGdT+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvp35zRJVmkbwz45j6AvclCxnBxkr3nUCkYtLFD163WHLL7gzoL/EyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwumk0Ek0jTEZ4j5tWyqxoNpPZxtP0IlVeiiMlD3SoJn6O5FiofVYBHZSYDPQy95U/NcLhJXRz+2K2jbs4waNKDGR0otrmfDST5mME0MlmW8VJhyZCE27Qj2mbIqPLcFEMfsxRAZYYWJsowXbmLfcz1/SOCt7lXLl9rxUvcq6y8MRHMMpeHABVbiBGtSBgIRHeIJn58V5dd6c9/lozskyh7AA5+Mb8qWitw==</latexit>

m1
a

<latexit sha1_base64="UMFSmPzyUaukXituNA9k6MSrFCc=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1SoKHtTNo7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIBDfgul9OZm19Y3Mru53b2d3bP8gfHtVNGGvKajQUoW4GxDDBFasBB8GakWZEBoI1guHN1G+MmDY8VPcwjpgvSV/xHqcErPTQDmQiJx3yWOrkC27RnQGvEi8lBZSi2sl/t7shjSVTQAUxpuW5EfgJ0cCpYJNcOzYsInRI+qxlqSKSGT+ZbTzBZ1bp4l6o7VGAZ+rfREKkMWMZ2ElJYGCWvan4rxdIK+Pf2zWzbdjHAY8YhVCbxbWgd+UnXEUxMEXnW/VigSHE065wl2ubEmNLCNXcfgzTAdGEgm00ZxvzlvtZJfVS0SsXy3cXhcp12l0WnaBTdI48dIkq6BZVUQ1RpNATekYvzqvz5rw7H/PRjJNmjtECnM8f9FaiuA==</latexit>

m2
a

<latexit sha1_base64="UkC1npZPUN648M1lxsa2fAfPaU0=">AAACEXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiUl0W3bhwUcE+oAlhMp22QyeTMHMjlhB/wl9wq3t34tYvcOuXOGmz0NYDFw7n3Mu99wQxZwps+8soLS2vrK6V1ysbm1vbO+buXltFiSS0RSIeyW6AFeVM0BYw4LQbS4rDgNNOML7K/c49lYpF4g4mMfVCPBRswAgGLfnmgRtiGBHM05vMT12gD5AyobLMN6t2zZ7CWiROQaqoQNM3v91+RJKQCiAcK9Vz7Bi8FEtghNOs4iaKxpiM8ZD2NBU4pMpLpx9k1rFW+tYgkroEWFP190SKQ6UmYaA783vVvJeL/3pBOLcZBhee/jBOgAoyWzxIuAWRlcdj9ZmkBPhEE0wk07dbZIQlJqBDrOhQnPkIFkn7tObUa/Xbs2rjsoinjA7RETpBDjpHDXSNmqiFCHpEz+gFvRpPxpvxbnzMWktGMbOP/sD4/AG/9p6A</latexit>Lins
<latexit sha1_base64="jZZ0Fit+A6bTOFOho1clfhx6o7E=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9oHtWDJppg1NMkNyp1CG/oVbxa9xJ271azRtB7HVA4HDOfckNyeIBTfgup9ObmV1bX0jv1nY2t7Z3SvuHzRMlGjK6jQSkW4FxDDBFasDB8FasWZEBoI1g+H11G+OmDY8UncwjpkvSV/xkFMCVrrvBDKFSZc8eN1iyS27M+C/xMtICWWodYtfnV5EE8kUUEGMaXtuDH5KNHAq2KTQSQyLCR2SPmtbqohkxk9nG0/wiVV6OIy0PQrwTP2dSIk0ZiwDOykJDMyyNxX/9QJpZfxzu2a2Dfs44BGjEGmzuBaEl37KVZwAU3S+VZgIDBGedoV7XNuUGFtCqOb2Y5gOiCYUbKMF25i33M9f0jgre5Vy5fa8VL3KusujI3SMTpGHLlAV3aAaqiOKFHpET+jZeXFenTfnfT6ac7LMIVqA8/EN/p+ivg==</latexit>

t1a
<latexit sha1_base64="2TIyyqo+VJYsI17PfeiEdRp1M3I=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRli0CXRjUtM5BFhJJ1SoKHtTNo7JGTCX7jV+DXujFv9Gi0wMQKepMnJOfe0tyeIBDfgul9OZm19Y3Mru53b2d3bP8gfHtVNGGvKajQUoW4GxDDBFasBB8GakWZEBoI1guHN1G+MmDY8VPcwjpgvSV/xHqcErPTQDmQCkw55LHXyBbfozoBXiZeSAkpR7eS/292QxpIpoIIY0/LcCPyEaOBUsEmuHRsWETokfdayVBHJjJ/MNp7gM6t0cS/U9ijAM/VvIiHSmLEM7KQkMDDL3lT81wuklfHv7ZrZNuzjgEeMQqjN4lrQu/ITrqIYmKLzrXqxwBDiaVe4y7VNibElhGpuP4bpgGhCwTaas415y/2sknqp6JWL5buLQuU67S6LTtApOkceukQVdIuqqIYoUugJPaMX59V5c96dj/loxkkzx2gBzucPAF+ivw==</latexit>

t2a
<latexit sha1_base64="r68AgFvQ8Erm8gdM6uSDlv2gnGM=">AAACHnicbVDLTgIxFO3gC/GFunTTSExckRk16JLoxiUm8ogwkk4p0NB2Ju0dEjLhL9xq/Bp3xq1+jRaYGAFP0uTknHva2xNEghtw3S8ns7K6tr6R3cxtbe/s7uX3D2omjDVlVRqKUDcCYpjgilWBg2CNSDMiA8HqweBm4teHTBseqnsYRcyXpKd4l1MCVnpoBTKBcZs8nrfzBbfoToGXiZeSAkpRaee/W52QxpIpoIIY0/TcCPyEaOBUsHGuFRsWETogPda0VBHJjJ9MNx7jE6t0cDfU9ijAU/VvIiHSmJEM7KQk0DeL3kT81wuklfHv7ZrZNuzjgIeMQqjN/FrQvfITrqIYmKKzrbqxwBDiSVe4w7VNiZElhGpuP4Zpn2hCwTaas415i/0sk9pZ0SsVS3cXhfJ12l0WHaFjdIo8dInK6BZVUBVRpNATekYvzqvz5rw7H7PRjJNmDtEcnM8fAhCiwA==</latexit>

t3a

<latexit sha1_base64="ad1hcWTEMVptXZhTeS2OYvAED64=">AAACHHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZN29A8huROoQz9CbeKX+NO3Ap+jabtILb1QOBwzj3JzYliwS34/pe3tr6xubWd28nv7u0fHBaOjutWJ4ayGtVCm2ZELBNcsRpwEKwZG0ZkJFgjGt5N/caIGcu1eoRxzEJJ+or3OCXgpGY7kilMOrpTKPolfwa8SoKMFFGGaqfw3e5qmkimgApibSvwYwhTYoBTwSb5dmJZTOiQ9FnLUUUks2E623eCz53SxT1t3FGAZ+rfREqktWMZuUlJYGCXvan4rxdJJ+Pf2w1zXbjHAY8YBW3s4lrQuwlTruIEmKLzrXqJwKDxtCnc5calxNgRQg13H8N0QAyh4PrMu8aC5X5WSf2yFJRL5YerYuU26y6HTtEZukABukYVdI+qqIYoEugJPaMX79V78969j/nompdlTtACvM8f0xOiKQ==</latexit>

to

<latexit sha1_base64="fACbw5up9kh+l7sXDwXm3qWEz88=">AAACHnicbVBNSwMxFMz6WetX1aOXYBE8lV0R9Vj04rGC1aJdSzZ92waT7JK8FcrSf+FV8dd4E6/6azRtF7HqQGCYeZO8TJRKYdH3P7yZ2bn5hcXSUnl5ZXVtvbKxeWmTzHBo8kQmphUxC1JoaKJACa3UAFORhKvo7nTkX92DsSLRFzhIIVSsp0UsOEMnXbcjleOwA7dBp1L1a/4Y9C8JClIlBRqdyme7m/BMgUYumbU3gZ9imDODgksYltuZhZTxO9aDG0c1U2DDfLzxkO46pUvjxLijkY7Vn4mcKWsHKnKTimHf/vZG4r9epJxMv2834NpwjyO9B46JsdNrYXwc5kKnGYLmk63iTFJM6Kgr2hXGpeTAEcaNcB+jvM8M4+gaLbvGgt/9/CWX+7XgsHZ4flCtnxTdlcg22SF7JCBHpE7OSIM0CSeaPJBH8uQ9ey/eq/c2GZ3xiswWmYL3/gUFeqLC</latexit>

t1e
<latexit sha1_base64="g+5/J+3jLBGTo6dVGo6+XuXJvv0=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjNF1GXRjcsK9oFtLZn01oYmmSG5I5Shf+FW8WvciVv9Gk0fiK0eCBzOuSe5OWEshUXf//QyS8srq2vZ9dzG5tb2Tn53r2ajxHCo8khGphEyC1JoqKJACY3YAFOhhHo4uBz79QcwVkT6BocxtBW716InOEMn3bZCleKoA3elTr7gF/0J6F8SzEiBzFDp5L9a3YgnCjRyyaxtBn6M7ZQZFFzCKNdKLMSMD9g9NB3VTIFtp5ONR/TIKV3ai4w7GulE/Z1ImbJ2qEI3qRj27aI3Fv/1QuVk+nO7AdeGexzpA3CMjJ1fC3vn7VToOEHQfLpVL5EUIzruinaFcSk5dIRxI9zHKO8zwzi6RnOusWCxn7+kVioGp8XT65NC+WLWXZYckENyTAJyRsrkilRIlXCiySN5Is/ei/fqvXnv09GMN8vskzl4H98HK6LD</latexit>

t2e
<latexit sha1_base64="VbKS2H3im44xUc3Is/OfPaWvGTw=">AAACHnicbVBNSwMxFMzWr1q/qh69BIvgqeyqVI9FLx4rWBXbtWTTVw0m2SV5WyhL/4VXxV/jTbzqr9G0LmKtA4Fh5k3yMlEihUXf//AKM7Nz8wvFxdLS8srqWnl948LGqeHQ5LGMzVXELEihoYkCJVwlBpiKJFxG9ycj/7IPxopYn+MggVCxWy16gjN00nU7UhkOO3Cz3ylX/Ko/Bp0mQU4qJEejU/5sd2OeKtDIJbO2FfgJhhkzKLiEYamdWkgYv2e30HJUMwU2zMYbD+mOU7q0Fxt3NNKx+juRMWXtQEVuUjG8s3+9kfivFykn05/bDbg23ONI+8AxNnZyLewdhZnQSYqg+fdWvVRSjOmoK9oVxqXkwBHGjXAfo/yOGcbRNVpyjQV/+5kmF3vVoFatnR1U6sd5d0WyRbbJLgnIIamTU9IgTcKJJg/kkTx5z96L9+q9fY8WvDyzSSbgvX8BCNyixA==</latexit>

t3e
<latexit sha1_base64="BMA+pVSUbfjxBWdhC99EwPsGrH0=">AAACHnicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9oFtLZn01oYmmSG5I5Shf+FW8WvciVv9Gk0fiK0eCBzOuSe5OWEshUXf//QyS8srq2vZ9dzG5tb2Tn53r2ajxHCo8khGphEyC1JoqKJACY3YAFOhhHo4uBz79QcwVkT6BocxtBW716InOEMn3bZCleKoA3elTr7gF/0J6F8SzEiBzFDp5L9a3YgnCjRyyaxtBn6M7ZQZFFzCKNdKLMSMD9g9NB3VTIFtp5ONR/TIKV3ai4w7GulE/Z1ImbJ2qEI3qRj27aI3Fv/1QuVk+nO7AdeGexzpA3CMjJ1fC3vn7VToOEHQfLpVL5EUIzruinaFcSk5dIRxI9zHKO8zwzi6RnOusWCxn7+kdlIMToun16VC+WLWXZYckENyTAJyRsrkilRIlXCiySN5Is/ei/fqvXnv09GMN8vskzl4H98KjaLF</latexit>

t4e

<latexit sha1_base64="tRnyMTxuhj6zd7DZ5HEj6UaYP08=">AAAB/XicbVC7SgNBFL0bXzG+opY2g0GwCrsS1DJoYxkhL0iWMDuZTcbMzC4zs0JYgr9gq72d2Pottn6Jk80WmnjgwuGcezmXE8ScaeO6X05hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJrdzv/NIlWaRbJppTH2BR5KFjGBjpXY/EGlzNihX3KqbAa0SLycVyNEYlL/7w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TT7dobOrDJEYaTsSIMy9fdFioXWUxHYTYHNWC97c/FfLxBLySa89lMm48RQSRbBYcKRidC8CjRkihLDp5Zgopj9HZExVpgYW1jJluItV7BK2hdV77Jau69V6jd5PUU4gVM4Bw+uoA530IAWEHiAZ3iBV+fJeXPenY/FasHJb47hD5zPHwbDldw=</latexit>

T

Transformer Encoder 

<latexit sha1_base64="3IWo1SMDK5ugssC77NUI22wA1W0=">AAACA3icbVA9SwNBEN2LXzF+Re20OQyCVbiToJZBGwuLCOYDkhD2NnPJkr29Y3dODMeBjX/FxkIRW/+Enf/GvSSFJj4YeLw3w8w8LxJco+N8W7ml5ZXVtfx6YWNza3unuLvX0GGsGNRZKELV8qgGwSXUkaOAVqSABp6Apje6yvzmPSjNQ3mH4wi6AR1I7nNG0Ui94kEnoDhkVCQ3aS/pIDxgguEIZJr2iiWn7ExgLxJ3Rkpkhlqv+NXphywOQCITVOu260TYTahCzgSkhU6sIaJsRAfQNlTSAHQ3mfyQ2sdG6dt+qExJtCfq74mEBlqPA890ZhfreS8T//PaMfoX3YTLKEaQbLrIj4WNoZ0FYve5AoZibAhliptbbTakijI0sRVMCO78y4ukcVp2z8qV20qpejmLI08OyRE5IS45J1VyTWqkThh5JM/klbxZT9aL9W59TFtz1mxmn/yB9fkDjP+Yww==</latexit>Ltoken

……

<latexit sha1_base64="24HJhfi8jlFTnrX5wcyK1RUN4r0=">AAAB/XicbVA9SwNBFHwXv2L8ilraLAbBKtxJUMugjY0QwVwCyRH2NnvJmt29Y3dPCEfwL9hqbye2/hZbf4mb5ApNHHgwzLzHPCZMONPGdb+cwsrq2vpGcbO0tb2zu1feP/B1nCpCmyTmsWqHWFPOJG0aZjhtJ4piEXLaCkfXU7/1SJVmsbw344QGAg8kixjBxkp+NxTZ7aRXrrhVdwa0TLycVCBHo1f+7vZjkgoqDeFY647nJibIsDKMcDopdVNNE0xGeEA7lkosqA6y2bcTdGKVPopiZUcaNFN/X2RYaD0Wod0U2Az1ojcV//VCsZBsossgYzJJDZVkHhylHJkYTatAfaYoMXxsCSaK2d8RGWKFibGFlWwp3mIFy8Q/q3rn1dpdrVK/yuspwhEcwyl4cAF1uIEGNIHAAzzDC7w6T86b8+58zFcLTn5zCH/gfP4A+6GV1Q==</latexit>

MTime
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Figure 2: The overview of our multi-granularity semantics interaction (MGSI). Initially, we adopt the text and motion encoder
to encode text and motion sequence into word and frame-level embeddings 𝑻 and 𝑴 , respectively. Then, we decompose the text
and motion sequences into different levels by exploiting the graph neural networks to model the semantics correspondence. By
adopting the proposed co-occurrence motion mining, the atomic motion 𝒎1

𝑎 and 𝒎2
𝑎 are fused to formulate the new nodes.

Finally, we exploit token, instance, and bag-wise semantics interaction to comprehensively align text and motions sequence.

into a common space and exploits the cross-modal distance, 𝑒.𝑔.,
cosine similarity cos(𝒕,𝒎), to measure and rank the semantics sim-
ilarity achieving text-motion retrieval. However, we argue that the
motion sequence consists of multiple atomic motions with diverse
semantics, the simplistic point representations hardly capture the
complicated semantics of motion sequence.

In this work, we formulate the text-motion retrieval as the multi-
instance multi-label learning (MIML) problem, where the motion
sequence and query are viewed as the bags of multiple instances.
For motion and text bags, the instances are viewed as the atomic
motions and corresponding descriptions. To solve the MIML prob-
lem, we propose a novel multi-granularity semantics interaction
(MGSI) approach that exploits the graph neural networks (GNNs) to
model the text and motion sequence into different levels, perform-
ing the corresponding level semantics interaction to achieve a pre-
cise alignment and considerable performance. Specifically, we de-
compose the text and motion sequences into different level and rep-
resent them as the graph G𝑡 = {𝑽𝑡 , 𝑬𝑡 } and G𝑚 = {𝑽𝑚, 𝑬𝑚}, where
𝑽𝑡 = {𝒕𝑜 , {𝒕𝑖𝑎}

N𝑎

𝑖=1, {𝒕
𝑖
𝑒 }

N𝑡
𝑒

𝑖=1} and 𝑽𝑚 = {𝒎𝑜 , {𝒎𝑖
𝑎}

N𝑎

𝑖=1, {𝒎
𝑖
𝑒 }

N𝑚
𝑒

𝑖=1 }, N∗
indicates the number of each type nodes. The 𝒕𝑜 and 𝒎𝑜 are the
root nodes containing the sentence and sequence-level semantics.
On the textual side, the instance nodes {𝒕𝑖𝑎}

N𝑎

𝑖=1 are the verbs, and

the token nodes {𝒕𝑖𝑒 }
N𝑡
𝑒

𝑖=1 are the noun phrases. For the motion side,
the instance nodes {𝒎𝑖

𝑎}
N𝑎

𝑖=1 indicates the representations of atomic
motions, and the token nodes {𝒎𝑖

𝑒 }
N𝑚
𝑒

𝑖=1 are each frame of atomic

motion. The edge 𝑬𝑡 and 𝑬𝑚 are the edge embeddings that are
illustrated in the Sec. 4. After that, we perform graph reasoning to
aggregate the semantics and semantics interaction in different level
to align the text and motion sequence achieving the comprehensive
cross-modal alignment. The overview of our methods is shown in
Fig. 2.

4 METHODOLOGY
4.1 Text Graph Construction
Given a natural language description 𝑇 = {𝑡1, · · · , 𝑡N𝑡

} with N𝑡

words, we adopt a pre-trained frozen CLIP text encoder [18] to
encode 𝑇 as a word sequences 𝑻 = {𝒕1, · · · , 𝒕N𝑡

}, where 𝒕∗ ∈ Rd𝑡 .
We perform mean pooling for 𝑻 to initialize the 𝒕𝑜 . Then, we adopt
the off-the-shelf semantic role parser [20] to extract noun phrases
and verbs from 𝑻 as well as their semantic role 𝑬𝑡 of each noun
phrase. The verbs representations are leveraged as the instance
nodes {𝒕𝑖𝑎}

N𝑎

𝑖=1 and connected with the root node 𝒕𝑜 with direct

edges. The noun phrases are used as the token nodes {𝒕𝑖𝑒 }
N𝑡
𝑒

𝑖=1 and
connected with corresponding instance nodes 𝒕∗𝑎 , where the edge
𝒆𝑖, 𝑗 between 𝑖-th token node and 𝑗-th instance node is represented
by the semantics role of the token about the motion. Considering
that multiple atomic motions may occur simultaneously to the same
token node, we duplicate the token node for each semantic role and
connect them with corresponding motion nodes. In Fig. 2, we also
show the example of the constructed text graph.
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4.2 Motion Graph Construction
For the motion sequence 𝑀 , we adopt the the model in previous
work [4] to extract the skeleton features 𝑴𝑠 ∈ RN𝑚×J×d𝑠 , where
J and d𝑠 are the number and feature dimension of skeleton nodes,
respectively. Then, the SMPL [10] is adopted to extract the frame-
level representations𝑴𝑓 = {𝒎1, · · · ,𝒎N𝑓

} from𝑴𝑠 , where the N𝑓

indicates the frame number. Before constructing the instance node,
we first downsample the 𝑴𝑓 in the temporal domain to reduce
the length of the feature sequence. It reduces the computational
complexity while maintaining comparable performance. For motion
sequence representation 𝑴𝑓 ∈ RN𝑓 ×𝑑𝑚 , we downsample it into a
fixed number of features 𝑴𝑑 ∈ RN𝑚×𝑑𝑚 by conducting the mean
pooling to prevent lose information of these reduced frames, where
N𝑚 < N𝑓 is the number of frames after downsampling.
Graph Initialization. We apply mean pooling to aggregate se-
mantics from 𝑴𝑓 and get the sequence-level representations to
initialize 𝒎𝑜 . For the instance nodes, considering the motions oc-
cur sequentially, we adopt the simple yet effective slide windows
strategy [3] to construct the atomic motion instance. Specifically,
we set up multiple slide windows of different lengths with a stride
of 1 and perform overlapping as the sliding windows move. The
windows size set to 𝑤 = {1, 2, · · · ,N𝑚}. Given a sliding window
𝑘 , a clip feature is obtained by mean pooling over the features
within 𝑘 . The motion sequences could be split as the motion clips
𝑴𝑐 = {𝒎𝑖

𝑐 }
N𝑐

𝑖=1, where 𝑴𝑐 ∈ RN𝑐×𝑑𝑚 and N𝑐 =
N𝑚 (N𝑚+1)

2 . To
remove the redundant clips from 𝑴𝑐 , we exploit the previously
constructed probabilistic embedding space [14] to filter the clips:

𝒎𝑖
𝑎 = max

{
cos(𝒕𝑖𝑎, �̂�1

𝑐 ), cos(𝒕𝑖𝑎, �̂�2
𝑐 ), · · · , (𝒕𝑖𝑎, �̂�

N𝑐
𝑐 )

}
(1)

where 𝒕𝑖𝑎 and �̂� 𝑗
𝑐 are the 𝑖-th noun phrase and 𝑗-th clips that

both are extracted by the pre-trained model [14]. Then, we adopt
{𝒎1

𝑎, · · · ,𝒎𝑘
𝑎 } to initialize the embeddings of instance nodes. For

token node 𝒎𝑖
𝑒 , we directly adopt the frame-level representations

of each atomic motion as the embeddings to initialize. The instance
nodes connect to the root and token nodes with edges that is calcu-
lated by:

𝒆𝑟,𝑖 = cos(𝒎𝑖
𝑎,𝒎

𝑟
∗) (2)

where cos(·, ·) indicates the cosine similarity. The ∗ ∈ {𝑒, 𝑜} and 𝑟
indicates the node index associated with node 𝑖 .

4.3 Co-occurrence Motion Fusion.
In TMR, the atomicmotion in the sequencemay be co-occurring and
coupled together. Directly representing these semantically complex
data samples as point embeddings and performing alignment may
be unable to capture the abundant semantics and disturb the cross-
modal alignment affecting the retrieval performance. To address this
challenge, we introduce a co-occurring motion mining approach
by measuring the semantic consistency between atomic motions.
Then, we fuse the identified co-occurring motions to generate a
new co-occurrence motion representation. Specifically, given the
motion graphG𝑚 = {𝑽𝑚, 𝑬𝑚}, the token nodes {𝒎𝑥

𝑒 }
N𝑡
𝑒

𝑥=1 connected
to the instance nodes 𝒎𝑖

𝑎 are used for calculating the semantics

consistency score C𝑖, 𝑗 :

C𝑖, 𝑗 =
1

|𝒎𝑖
𝑎 | |𝒎

𝑗
𝑎 |

|𝒎𝑖
𝑎 |∑︁
𝑥

|𝒎 𝑗
𝑎 |∑︁
𝑦

cos(𝒎𝑥
𝑒 ,𝒎

𝑦
𝑒 ) (3)

where |𝒎𝑖
𝑎 | and |𝒎

𝑗
𝑎 | indicate the degree of𝒎𝑖

𝑎 and𝒎
𝑗
𝑎 , respectively.

The Eq. 3 draws inspiration from the principle that co-occurring
motions may encapsulate as many semantically similar frames as
possible. After calculating the semantics consistency score, we em-
pirically set a threshold 𝜆 to mine the co-occurring motions. If
the semantics consistency score C𝑤𝑜𝑖,𝑗 is larger than the threshold
𝜆, the atomic motions 𝑖 and 𝑗 are identified as the co-occurring
motions, otherwise are considered as the motions that occurred
sequentially. For these co-occurring motions, the nodes𝒎𝑖

𝑎 and𝒎 𝑗
𝑎

are fused to obtain the co-occurrence motions nodes by adding and
all token nodes belonging to 𝒎𝑖

𝑎 and 𝒎 𝑗
𝑎 are connected to the new

instance nodes. As shown in Fig. 2 (b), the C1,2 is larger than the
threshold 𝜆. Therefore, the instance nodes𝒎1

𝑎 and𝒎1
𝑎 are merged as

the newly instance nodes𝒎1
𝑎 , where all corresponding token nodes

are connected with the new nodes. Similarly, the corresponding
instance nodes in the textual graph G𝑡 are fused to guarantee the
structure consistent with G𝑚 . Notable, we utilize the residual con-
nection in graph reasoning to reduce the redundancy information
introduced by these token nodes.

4.4 Graph Reasoning
Text Graph Reasoning. Considering the multiple semantics role
involved in text, we adopt the rational graph convolutional network
(R-GCN) [19] to model correlations of these nodes. Specifically,
considering the existence of two types of nodes in the text graph, we
adopt 2-layer graph convolution networks with residual connection
to capture the semantics of nodes. Based on the initialized nodes
𝑽 𝑡
𝑖
= {𝒕𝑜 , {𝒕𝑖𝑎}

N𝑎

𝑖=1, {𝒕
𝑖
𝑒 }

N𝑡
𝑒

𝑖=1} and the correlation edge 𝑬𝑡 = {𝒆𝑟,𝑖 }, the
node feature is aggregated by:

𝑯 𝑡,1
𝑖

= ReLU(
∑︁
𝑟 ∈𝑅

𝒆𝑟,𝑖𝑽
𝑡
𝑖 ·𝑾𝑡,1

𝑟 + 𝑽 𝑡𝑖 )

𝑯 𝑡,2
𝑖

= ReLU(
∑︁
𝑟 ∈𝑅

𝒆𝑟,𝑖𝑯
𝑡,1
𝑖

·𝑾𝑡,2
𝑟 + 𝑯 𝑡,1

𝑖
)

(4)

where 𝒆𝑟,𝑖 indicates the semantic role of node 𝑖 . The 𝑅 indicates the
number of relations of node 𝑖 . The ReLU(·) is the ReLU activation
function [1]. The𝑾𝑡,∗

𝑟 are the learnable parameters.
Motion Graph Reasoning. Therefore, we obtain the nodes in the
motion graph 𝑽𝑚

𝑖
= {𝒎𝑜 , {𝒎𝑖

𝑎}
N𝑎

𝑖=1, {𝒎
𝑖
𝑒 }

N𝑚
𝑒

𝑖=1 } Similar to the textual
graph reasoning, we adopt 2-layer graph neural networks with
residual to aggregate the semantics from the neighbor nodes:

𝑯𝑚,1
𝑖

= ReLU(
∑︁
𝑟 ∈𝑅

𝒆𝑟,𝑖𝑽
𝑚
𝑖 ·𝑾𝑚,1

𝑟 + 𝑽𝑚𝑖 )

𝑯𝑚,2
𝑖

= ReLU(
∑︁
𝑟 ∈𝑅

𝒆𝑟,𝑖𝑯
𝑚,1
𝑖

·𝑾𝑚,2
𝑟 + 𝑯𝑚,1

𝑖
)

(5)

where the𝑾𝑚,∗
𝑟 are the learnable parameters of the motion graph.

The 𝑅 is number of relations corresponding to node 𝑖 .
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4.5 Semantics Interactions
Token-wise Interaction. Besides the instance and bag-wise se-
mantics interaction, we introduce a toke-wise interaction to provide
fine-grained semantics alignment as complementary. As shown in
Fig. 2(b), we add the position embeddings 𝒑𝑡 and 𝒑𝑚 to the word-
and frame-level representaions 𝑻 and𝑴 and feed them into a trans-
former encoder:

𝑿token = Φ𝑡 ( [𝑻 + 𝒑𝑡 ;𝑴 + 𝒑𝑚]) (6)

where [·; ·] is the concatenate operation. Φ𝑡 is the 2-layer trans-
former encoder. We further adopt multi layer perception (MLP)
with ReLU activation function [1] to calculate the similarity:

Stoken = softmax (MLP (𝑿token [0, :])) (7)

where the MLP consists of two linear layers with ReLU activation
functions. Instance-wise Interaction. We adopt the represen-
tation of instance nodes from the text and motion graph to per-
form the instance-wise semantics interaction. Specifically, given
the {𝒕𝑖𝑎}

N𝑎

𝑖=1 and {𝒎𝑖
𝑎}

N𝑎

𝑖=1, the instance-wise similarity is calculated
by:

Sins =
1
N𝑎

N𝑎∑︁
𝑖=1

cos(𝒕𝑖𝑎,𝒎𝑖
𝑎) (8)

Bag-wise Interaction. For the bag-wise semantics interaction, we
directly conduct the semantic interaction between the root node
representations of text and motion graph:

Sbag = cos(𝒕𝑜 ,𝒎𝑜 ) (9)

4.6 Model Training and Inference
Training. In our proposed multi-granularity multi-instance learn-
ing, the positive pair is defined as the motion containing certain
content relevant to the query text. The negative pairs are those
without any relevant content. We adopt the InfoNCE loss [28, 29]
function that is widely used in the retrieve related tasks as the
training objective function over the mini-batch 𝐵:

Linfo = − 1
|𝐵 |

∑︁
𝒙𝑖 ,𝒚𝑖 ∈𝐵

[
log

S(𝒙𝑖 ,𝒚𝑖 )
S(𝒙𝑖 ,𝒚𝑖 ) +

∑
𝑖≠𝑗 S(𝒙𝑖 ,𝒚 𝑗 )

+ S(𝒚𝑖 , 𝒙𝑖 )
S(𝒚𝑖 , 𝒙𝑖 ) +

∑
𝑖≠𝑗 S(𝒚𝑖 , 𝒙 𝑗 )

] (10)

where S(·, ·) is the similarity measurement, 𝑒.𝑔. cosine similarity.
The token-wise semantics interaction is defined as follows:

Ltoken = CrossEn(Stoken) (11)

where CrossEn is the cross entropy loss function. Thus, the total
training loss function is:

Ltrain = Ltoken + Lins + Lbag (12)

where Lins and Lbag indicate applying the instance-wise similarity
Sins and bag-wise similarity Sbag to the Eq 10, respectively.
Inference. After the model is converged, the similarity between
query text𝑇 and motion sequence𝑀 is computed by a combination
of the instance-wise, bag-wise, and token-wise similarities:

S(𝑇,𝑀) = 1
3

(
Stoken + Sins + Sbag

)
(13)

5 EXPERIMENTS
5.1 Datasets
We validate the proposed methods on the two widely used 3D hu-
man motion datasets: HumanML3D [4] and KIT Motion-Language
Datasets [16]:
HumanML3D [4] (HumanML3D) is currently the largest 3D hu-
manmotion dataset with textual descriptions. Themotion sequences
are originally from two already-existing and widely-used motion-
capture datasets AMASS [11] and HumanAct12 [5]. Following the
benchmark [15], we split the train, validation, and test set with
23384, 1460, and 4380 motions. Each motion sequence contains
approximately 3 text descriptions with different lengths.
KITMotion-Language [16] (KIT-ML) contains 3,911 recordings of
full body motion and 6,278 text descriptions. Each motion sequence
is described in 1 to 4 texts. The average length of text descriptions
is approximately 8. Following the setup in the benchmark [15],
we adopt 4,888, 300, and 800 motion sequences as the training,
validation, and test set, respectively.

5.2 Baselines and Metrics
Baselines. We provide the comprehensive comparison with the
state-of-the-art approaches, including TEMOS (ECCV2022) [14],
MotionCLIP (ECCV2022) [21], T2M (CVPR2022) [4], DTL (MM
Asia2023) [24], TMR (ICCV2023) [15], and MoT (SIGIR2023) [12].
The MotionCLIP [21], T2M [4], and MoT [12] learn the text and mo-
tion into a common space, directly measuring the cosine similarity
between global embeddings for alignment. The TEMOS [14] and
TMR [15] employ a VAE structure to learn the text and motion into
latent space while adopting the reparameterization technique to
sample the representations from distributions for alignment [14, 15].
The DTL [24] adopts a dual-branch unimodal network to extract
motion and text embeddings and project them into a common em-
beddings space. However, the DTL splits the HumanML3D and
KIT-ML by themselves and the scale of test sets is far less than the
splits used in our work. To compare the results fairly, we adopt
the open-source code of DTL to train the model in our splits and
report the results. The other results of baselines in our work are
from their official reports.
Metrics. We adopt the common metrics to report retrieval perfor-
mance, including Recall at K (R@K), Median Rank (MedR), and
Rsum. The R@K is the fraction of queries that correctly retrieve
desired items in the top K of the ranking list. Following the bench-
mark [15], K = 1,2,3,5,10 are adopted. The MedR computes the
median rank of the correct targets for a query. Additionally, we
report the Rsummetric which is calculated by the summing of R@K
values. It evaluates retrieval performance from an overall perspec-
tive. In all tables, the metric with an upward arrow (denoted by
↑) signifies that a higher value correlates with better performance
(R@K, Rsum), while the downward arrow (denoted by ↓) indicates
that lower values represent superior performance (MedR). The best
evaluation results are highlighted in “bold”.

5.3 Implementation Details
In this work, we adopt AdamW [8] as the optimizer with a 1e-4
learning rate and set the batch size to 64 on all datasets. The text
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Table 1: Performance comparison with the state-of-the-art methods on HumanML3D [4]. The “Text → Motion” indicates
text-to-motion retrieval and “Motion → Text” is the motion-to-text retrieval, respectively.

Methods
Text →Motion Motion → Text

Rsum ↑
R@1 ↑ R@2 ↑ R@3 ↑ R@5 ↑ R@10 ↑ MedR ↓ R@1 ↑ R@2 ↑ R@3 ↑ R@5 ↑ R@10 ↑ MedR ↓

T2M [4] 1.80 3.42 4.79 7.12 12.47 81.00 2.92 3.74 6.00 8.36 12.95 81.50 63.57
TEMOS [14] 2.12 4.09 5.87 8.26 13.52 173.00 3.86 4.54 6.94 9.38 14.00 183.25 72.58
MotionCLIP [21] 2.33 5.85 8.93 12.77 18.14 103.00 5.12 6.97 8.35 12.46 19.02 91.42 99.94
MoT [12] 2.61 4.72 6.90 10.66 17.79 60.00 4.03 5.07 7.43 11.23 17.68 64.25 88.12
DTL [24] 2.69 4.93 7.42 11.36 17.71 73.00 2.33 4.50 6.50 10.31 17.48 76.00 85.24
TMR [15] 5.68 10.59 14.04 20.34 30.94 28.00 9.95 12.44 17.95 23.56 32.69 28.50 178.18

MGSI (Our) 6.61 12.73 17.11 23.91 34.74 24.00 10.61 13.18 19.75 26.00 36.63 22.50 201.27

Table 2: Performance comparison with the state-of-the-art methods on KIT-ML [16]. The “Text → Motion” indicates text-to-
motion retrieval and “Motion → Text” is the motion-to-text retrieval, respectively.

Methods
Text →Motion Motion → Text

Rsum ↑
R@1 ↑ R@2 ↑ R@3 ↑ R@5 ↑ R@10 ↑ MedR ↓ R@1 ↑ R@2 ↑ R@3 ↑ R@5 ↑ R@10 ↑ MedR ↓

T2M [4] 3.37 6.99 10.84 16.87 27.71 28.00 4.94 6.51 10.72 16.14 25.30 28.50 129.39
TEMOS [14] 7.11 13.25 17.59 24.10 35.66 24.00 11.69 15.30 20.12 26.63 36.39 26.50 207.84
MotionCLIP [21] 4.87 9.31 14.36 20.09 31.57 26.00 6.55 11.28 17.12 25.48 34.97 23.00 175.60
MoT [12] 6.23 11.07 16.54 23.92 37.15 20.00 10.56 13.49 20.61 27.61 38.04 19.50 205.22
DTL [24] 8.07 13.28 16.92 22.91 36.97 18.00 9.11 14.84 19.27 26.04 39.06 17.00 206.51
TMR [15] 7.23 13.98 20.36 28.31 40.12 17.00 11.20 13.86 20.12 28.07 38.55 18.00 221.80

MGSI (Our) 8.91 16.28 20.87 29.64 40.84 16.00 13.49 16.41 23.54 30.66 43.00 15.50 243.64

representations dimension d𝑡 , and the motion sequence dimension
d𝑚 are set to 256 and 263, respectively. The downsampled frame
number N𝑚 is 200. The GNNs learned cross-modal common space
dimension is set to 256. The hyperparameter 𝜆 for co-occurrence
motion filtering is empirically set to 0.8. Our experiments are im-
plemented in PyTorch-1.10 and are conducted on 8 NVIDIA A800
GPUs with 80GB memory. To enable a consistent comparison with
the baseline, we follow the settings of previous work [15] to ran-
domly select a text as the matching text for training and adopt the
first text in the test set to report the evaluation performance.

5.4 Performance Comparisons
In this subsection, we show the experimental results of the pro-
posed MGSI and the state-of-the-art (SOTA) methods of TMR on
the HumanML3D [4] and KIT-ML [16]. In Tab. 1, we observe that
the baselines [4, 12, 14, 21] show an unsatisfying performance. The
conventional approaches roughly represent the query and motion
sequences as a single point to perform a global-level alignment,
which are based on the assumption that the data instance in TMR
only involves unique semantics. However, in reality, there exist
many different motions in the query and motions sequences. Such
simplistic learning strategies may difficult to capture the complex
semantics resulting in an unsatisfying performance especially on
the fine-grained retrieval (R@1). In our work, we formulate the

TMR as the multi-instance multi-label learning trying to decom-
pose the coupled semantics in the query and motion sequences and
perform semantics alignment in corresponding levels. The signifi-
cant improvement (23.09% in Rsum) of our MGSI in HumanML3D
proves the effectiveness of our methods.

For the KIT-ML dataset, it shows that our MGSI surpasses the
current SOTA TMR approaches across all evaluation protocols with
a clear margin. Especially on the Rsum metrics, our method outper-
forms the SOTA work TMR [15] by 21.84%. Since these baselines fo-
cus on the whole similarity between queries and motion sequences,
the result indicates that such coarse-grained global similarity mod-
eling is sub-optimal for TMR. It demonstrates the superiority of
our hierarchical semantics alignment in text to 3D human motion
retrieval.

5.5 Ablation Study
The effectiveness of semantics interactions. In this subsection,
we verify the contributions of the different levels semantics in-
teractions in the proposed multi-instance multi-label learning. As
shown in Tab. 3, we observe that 1) when applying the bag-wise
semantics interaction, the model shows the worst performance,
which is close to the baselines solely aligning the point embed-
dings of text and motion (in Tab. 1 and Tab. 2). It proves that the
simplistic global semantics alignment is unsuitable for the TMR.
2) When incorporating the instance- or token-wise with bag-wise
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Table 3: Ablation study of different semantics interaction
on HumanML3D and KIT-ML. We report the results on the
text-to-motion retrieval.

Ltoken Lins Lbag
HumanML3D KIT-ML

R@1 ↑ R@2 ↑ R@3 ↑ R@1 ↑ R@2 ↑ R@3 ↑
× × ✓ 2.53 4.71 8.30 5.18 10.77 15.92
× ✓ ✓ 5.89 11.34 15.31 8.02 16.41 20.74
✓ × ✓ 5.63 10.83 14.94 7.25 14.89 20.10
✓ ✓ ✓ 6.61 12.73 17.11 8.91 16.28 20.87

Table 4: The ablation studies to investigate the proposed each
components on the HumanML3D.

Methods
Text → Motion Motion → Text

R@1 ↑ R@2 ↑ R@3 ↑ R@1 ↑ R@2 ↑ R@3 ↑
w/o downsample 6.28 12.39 17.66 10.81 13.71 20.03
w/o motion fusion 5.97 11.80 15.79 9.41 12.11 18.35
MGSI 6.61 12.73 17.11 10.61 13.18 19.75

semantics interaction, the model achieves a considerable retrieval
performance. The improvements achieved by the instance- and
token-wise semantics interaction indicate the necessity of aligning
the query text and motion sequence in a fine-grained scale. 3) The
improvements brought by the instance-wise are larger than the
token-wise. Considering the redundant information in token, di-
rectly concatenating all tokens of text and motion without filtering
may introduce too much useless information to disturb the cross-
modal aligning. The proposed instance-wise semantics interaction
exploits the specifically designed downsample and co-occurring
motion mining to refine the semantics within motion sequences
bringing much retrieval performance. 4) The complete version of
our method, incorporating bag-, instance-, and token-wise seman-
tics interaction, shows the best retrieval performance. This proves
that our approach that focuses on semantics interactions at different
level is complementary to each other.
The effectiveness of components. To examine the usefulness of
the specific designed strategies in in MGIS, we compare the coun-
terpart without the downsample or the motion fusion on the Hu-
manML3D. As shown in Tab. 4, we observe that 1) when removing
the downsample strategy, the retrieval results are further boosted
but limited. Adopting all frame of motion sequences may introduce
significant computing costs. Therefore, we conduct and report all
experiment results on the downsampling version. 2) The retrieval
performance degenerates when we detach the co-occurrence mo-
tion fusion and straightly align the initialized instance nodes in
the text and motion graph, which proves the effectiveness of our
motion fusion strategy.
The effectiveness of clip selection. In this subsection, we aim to
verify the clip selection strategy in Sec. 4.2. The results are shown
in Tab. 5. The “Random” indicates that randomly selecting the
clips from 𝑴𝑐 constructs the instance nodes in the motion graph.
The results show that the clips 𝑴𝑐 selected by the sliding window
contain useless semantics for retrieval. The simplistic random se-
lection criterion in mining the atomic motion is ineffective. The

Table 5: The investigation of motion clip selection strategy
on HumanML3D.

Strategies
Text → Motion Motion → Text

R@1 ↑ R@2 ↑ R@3 ↑ R@1 ↑ R@2 ↑ R@3 ↑
Random 2.11 3.59 5.13 2.01 3.22 5.48
MGSI 6.61 12.73 17.11 10.61 13.18 19.75

proposed clips filter strategy in Eq. 1 utilizes the pre-constructed
cross-modal probabilistic space to find semantically similar clips
to the action phrases. The performance improvement compared to
“Random” proves that the proposed methods could effectively filter
the irrelevant clips.
Hyperparameter analysis. In this subsection, we investigate the
influence of hyperparameters 𝜆 on the HumanML3D. The 𝜆 is the
threshold to identify the co-occurrence motions. If the semantic
consistency score is greater than 𝜆, these actions are considered
co-occurring motions. As shown in Fig. 4, we set the 𝜆 from 0.1
to 0.9. The results lead to several observations: 1) when 𝜆 is small,
the retrieval performance remains lower and improves with the
increase of 𝜆, which proves that a loose criterion is insufficient to
identify the accurate co-occurrence motions. The co-occurrence
motions should maintain as many semantically consistent frames
as possible. 2) When 𝜆 exceeds the threshold of 0.8, there is a no-
ticeable decline in retrieval performance. The higher value set for
𝜆 may overly stress the semantic consistency, imposing an overly
strict criterion. It could limit the detection of co-occurring motions,
potentially reducing the retrieval performance.

5.6 Visualization Results
In Fig. 3, we visualize the retrieval results for text-to-motion re-
trieval of the proposed MGSI and the state-of-the-art TMR [15] on
the HumanML3D. For each method, we draw the top-5 retrieved
motion sequences, where we rank the results by similarities and
give the annotation at the bottom of each motion sequence. We also
highlight the semantically similar verbs to the query by the same
color. The successful and failed retrieval results are highlighted by
the green and red border, respectively. In Fig. 3, the query contains
multiple atomic motions with different semantics, especially the
motion “walks” and “holds” are co-occurring. For the TMR, we
notice that 1) the successful retrieval result is in the fourth posi-
tion, which means that the TMR can retrieve semantically similar
motions, but with limited precision. 2) The first and second re-
turned results only contain only part of the semantics consistent
with the query. It may caused by the single-point representation
only capturing the simplistic motion semantics (“put” and “walk”)
and failing to represent the complicated motion sequences. Further
aligning these rough representations can significantly disturb the
cross-modal alignment and undermine the retrieval performance.

For the results of MGSI, we observe that 1) the proposed method
successfully retrieves the motion sequences corresponding to the
query by accurately identifying these co-occurring motions and
learning semantic correlations between the query and candidate
from multiple granularities, demonstrating our methods’ effective-
ness. 2) The second retrieved motion sequence still contains similar
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A person walks forward and holds a 
large object in their hands, puts the 
object down and continues to walk.

The person walk forward and 
wipe some thing off.

A person put down something 
and slowly walked forward.

A person holds both hands out 
and walks slowly forward, putting 
their hands down by their sides.

A person's walking forward quickly 
while holding something that they 

seem to be balancing or positioning.

A person jogs forward and then 
places their hands at their side.

A person carefully walks 
down a slope.

 MGSI

TMR

A person walks forward and holds a large object in their hands, puts the object down and continues to walk.

A person raises their arms, 
while walking forward.

A man walks forwards whilst 
putting his arms in front of 

him holding something.

A person walks forward and holds a 
large object in their hands, puts the 
object down and continues to walk.

Figure 3: The visualization of retrieval results. We showcase the top-5 retrieved motion sequences by the proposed MGSI and
state-of-the-art TMR, respectively. The sentences below at the motion sequences are the corresponding annotations. We adopt
the same color to the query text to highlight the verbs in the results’ annotations to help evaluate the retrieval performance.
The successful and failed retrieval results are highlighted by the green and red border, respectively.
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Figure 4: The experimental result is the investigation of the
threshold 𝜆 in selecting the co-occurrence atomic motions.

semantics to the query (“hold”, “walks”, and “putting down”). It
demonstrates that our MGSI can successfully capture fine-grained
semantics between the text and motion sequences. 3) Although
other results are the failed retrieve results, they still contain these
co-occurring motions (“walk” and “hold”), which verifies the effec-
tiveness of the proposed co-occurrence motion mining approach.
These observations suggest that through integrating token, instance,

and bag-wise semantics interactions, our MGSI can capture both
fine-grained and overall semantics, ensuring a comprehensive se-
mantic analysis.

6 CONCLUSIONS AND FUTUREWORKS
In this paper, we conceptualize the Text-Motion Retrieval (TMR)
task as a Multi-Instance Multi-Label (MIML) learning problem,
where each motion sequence is viewed as a bag of atomic motions,
and the corresponding text as a bag of phrases. To tackle the MIML
challenge within TMR, we introduce a novel Multi-Granularity
Semantics Interaction (MGSI) approach, which effectively captures
and aligns the semantics of text and motion sequences across vari-
ous levels. Specifically, the MGSI approach decomposes both query
and motion sequences into three hierarchical levels: token, instance,
and bag. We then utilize graph neural networks to explicitly model
and interact with their semantic correlations at these levels, thus
capturing the semantics across multiple granularities accurately.
To identify and model co-occurring atomic motions, we measure se-
mantic consistency frame-wise, then fuse and interact the accordant
motions to refine their representations. Finally, we employ token,
instance, and bag-wise semantic interactions to comprehensively
align the text and motion sequences. Extensive experiments on two
widely-used datasets demonstrate the efficacy of our methods

In our future work, we plan to incorporate informative skeleton
features to enhance precise atomic motion mining, further facilitat-
ing fine-grained semantic interaction between text and motion.
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