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Abstract. Pruning visual foundation models has attracted considerable
attention. However, existing methods focus on rigid point-to-point token
alignment on a single dataset for pruning, suffering from two limitations:
i) robustness degradation, and ii) task-specificity deficiency. To address
these limitations, we propose a task-specific pruning pipeline, named
CuT-VIT. Specifically, we first construct gram anchoring matrices from
both spatial and semantic perspectives, and perform the subspace de-
composition to extract the corresponding subspace bases. Basis-agnostic
and residual constraints are then adopted to align the gram subspaces be-
tween the native and pruned DINOv3 models along spatial and channel
dimensions, enabling subnetworks to inherit robust feature representa-
tions of native DINOv3. Furthermore, we design spectral entropy adapta-
tion, which quantifies the information density of feature manifolds along
spatial and channel dimensions, thereby adapting the pruning objective
to specific downstream tasks. Experiments show that CuT-VIT requires
approximately one minute on a single A100 GPU to obtain subnetworks
at various sparsity levels, using only 20.9% of the time and 45.5% of the
GPU memory compared with previous methods, while achieving SOTA
performance on six tasks across nine datasets.

Keywords: Model pruning - Gram anchoring - Subspace constraint

1 Introduction

The emergence of visual foundation models (VFMs) [5/22,[38]/49|, notably the
DINO series |538./49], has pushed the boundaries of visual representation learn-
ing [4,129)371/52,/67}/72,/73]. However, despite VFMs achieving competitive perfor-
mance across a wide range of downstream tasks [31/151/30,641/68,/75], their massive
computational overhead poses significant challenges for deployment on resource-
constrained edge devices. Consequently, the efficient compression of VFMs with-
out compromising performance has become a research focus [16}31}|71}/76,(77].
Among various model compression paradigms, training-free one-shot structured
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Fig. 1: Comparison with prior work. (a) To ensure feature consistency, existing meth-
ods enforce rigid alignment between CLS tokens; (b) CuT-VIT aligns the subspace
induced by the inherent gram anchoring within DINOv3, thereby enabling the subnet-
works to inherit the robust feature representations of the original network.

pruning (OSP) has recently emerged as a highly promising solution.
By dynamically ranking parameter importance using loss gradients, OSP enables
rapid generation of lightweight subnetworks, making it particularly suitable for
large-scale VFMs where retraining is computationally prohibitive.

However, existing OSP methods face two bottlenecks that hinder their ap-
plications in real-world scenarios. @ Robustness degradation. Current OSP
methods rely on rigid point-to-point alignment between the tokens of native and
pruned models. This localized strategy encourages the subnetwork to memorize
specific numerical features rather than preserving the global semantic topology.
By prioritizing exact token matching over structural consistency, these methods
fail to inherit the robust manifold structure of VFMs, leading to representation
degradation. ® Task-specificity deficiency. Prior training-free methods typ-
ically follow a rigid pipeline, that optimizes on a single generic dataset (e.g.,
ImageNet) to deploy a universal subnetwork across all downstream tasks (Fig.
a)). While seemingly elegant, this paradigm overlooks that for edge comput-
ing, model capacity has already been sacrificed to achieve faster inference and
lower memory usage. Emphasizing a shared, task-agnostic subnetwork inevitably
leads to a further compromise in precision and results in a sub-optimal trade-off
between precision and efficiency for specific downstream applications.

To address these challenges, this work proposes CuT-VIT, a task-specific
OSP algorithm that can generate subnetworks at various sparsity levels in ap-
proximately one minute for DINOv3 using a single A100 GPU. To alleviate
@, we rethink feature alignment from the perspective of manifold consistency.
Previous studies found that the robustness of DINOv3 stems from the rich
global topology encoded in its gram anchoring, which acts as a dense regu-
larization constraint. However, rigid point-to-point alignment fails to preserve
this structure and is sensitive to noise. Inspired by this, a gram anchoring sub-
space decomposition strategy (Fig. b)) is proposed. Rather than matching
raw features, CUT-VIT constructs spatial and channel gram matrices and de-
composes them to extract orthonormal bases. These bases span the directions
of maximal joint variation, thereby decoupling the core semantic topology from
high-frequency noise, which enables the design of a basis-invariant subspace con-
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sistency strategy. By imposing basis-agnostic and residual constraints, CuT-VIT
forces the feature subspace of subnetworks to geometrically align with that of the
teacher. This allows the subnetwork to inherit the robust spatial and semantic
manifold of DINOv3 without overfitting to specific token values. To answer @,
we design a pruning pipeline that adapts to both data distributions and task
properties. First, unlike generic pruning, we perform optimization directly on
the target dataset. By encoding the target data distribution into the gram an-
choring and propagating it via subspace consistency, the subnetwork implicitly
adapts to domain shifts without requiring ground-truth annotations. Second,
CuT-VIT introduces spectral entropy to quantify the information density of
feature manifolds. Since different tasks require different information granulari-
ties (e.g., classification relies on global semantics, while segmentation demands
high spatial frequency) |18}57|, spectral entropy measures this complexity along
spatial and channel dimensions. This serves to dynamically weight the pruning
objective to tailor the model architecture for specific downstream tasks.

CuT-VIT demonstrates superior performance over existing training-free OSP
methods [2335//50] across nine datasets covering six downstream tasks: semantic
segmentation, object detection, video object segmentation, semantic matching,
depth estimation, and image classification. Beyond standard benchmarks, our
out-of-distribution experiments further confirm that CuT-VIT can preserve the
robustness of the native DINOv3 [49] model. In terms of efficiency, CuT-VIT
offers a compelling advantage. Specifically, it achieves a 3.4% improvement in
(J&F ), for video object segmentation on DAVIS-2017 39|, 5.1% improvement
in PCK@O0.05 for semantic matching on FG3DCar [33|, 2.8% improvement in
mAP for object detection on MS COCO |[32| compared with prior state-of-the-art
OSP approaches, while requiring only 20.9% of the inference time and 45.5%
of the GPU memory. Moreover, our approach remains competitive even against
training-based model pruning alternatives [16}77], while consuming only 0.44%
of the pruning time and 28.2% of the GPU memory.

2 Related Work

Visual Foundation Model. The emergence of large-scale pretraining [58/59,63|
and the success of visual encoders [10}/34}/53] have catalyzed the development
of VFMs, such as CLIP [42]|, SAM [22]|, and DINO [5,|38}/49]. Trained on vast
datasets, these models learn robust and generalized visual representations that
are transferable across a wide array of vision tasks [3,281/40141}/61,65,66.69]. How-
ever, their considerable computational overhead creates significant challenges for
deployment on edge devices. Several studies have aimed to lightweight VFMs,
including Efficientsam 60|, Theia [46], and Tinysam [47]. These methods primar-
ily rely on knowledge distillation to transfer the capabilities of computationally
intensive encoders to more efficient, lightweight encoders. In contrast, our ap-
proach selects parameters directly from the VFM’s encoder, generating networks
with varying sparsities in a single round of inference.
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Model Compression. The limitation of computational resources has sparked
increased interest in model compression research [20L2631.[76]. In recent years,
quantization |13}[19,/43|, token optimization [2}|7,[21}/27}/36,/70], and structured
pruning |16[24] have become the primary research directions in this field. Quan-
tization [54,55] aims to reduce the precision of model weights, thus striving to
minimize computational overhead while preserving model performance. Token
optimization [1,6] pruns redundant tokens and merges tokens with high similar-
ity, leading to acceleration in model computation. Structured pruning [45}/51],
which eliminates network parameters, has inspired a series of influential works.
HydraViT [16] generates multiple sub-networks by stacking attention during
training, progressively modifying the embedding dimension and the head num-
ber of attention layer. Scala |71] employs scale-aware coordination during train-
ing to ensure that each pruned network learns robust objectives. EA-VIiT [77|
adopts a two-stage training paradigm and incorporates a lightweight router to se-
lect sub-networks that meet budget constraints. However, these methods require
intensive training, leading to high computational cost.

One-shot Pruning without Retraining. One-shot structured pruning [12|
24,(62] eliminates the need for training, requiring only a single inference pass,
during which parameter importance is dynamically ranked based on gradients
derived from the loss function. This allows for the generation of networks with
varying sparsities in a single pass. Specifically, LAMP [25] introduces a layer-
adaptive pruning score that enables pruning without requiring hyperparameter
tuning, while SNIP [23] employs a magnitude-based criterion. SNOWS [35] and
SnapViT [50] are notable OSP methods designed for post-processing pretrained
models. The former introduces a second-order optimization framework combin-
ing Hessian-free optimization with a customized conjugate gradient method for
layer-wise pruning, effectively addressing second-order approximation issues. The
latter jointly evaluates parameter importance for pruning using a self-supervised
objective and a genetic algorithm. The aforementioned methods focus on rigid
point-to-point alignment between tokens for pruning, which undermines the ro-
bustness of the subnetworks. Conversely, our work encourages alignment of gram
anchoring in subspace, ensuring that the subnetworks inherit the robust feature
representations of the native DINOv3.

Departing from prior SVD-based work [8,/56] that rely on static subspace
construction, Cut-ViT pioneers rotation-invariant dynamic optimization to align
the subspaces of the teacher and pruned models during pruning, ensuring the
inheritance of robust topological structures.

3 Methodology

3.1 Preliminary

Standard training-free OSP methods [12}/23])25] aim to identify an optimal binary
mask m € {0, 1}/W! for the weights W’ of a pre-trained VFM (e.g., DINOv3 [49])
to minimize the performance gap between the pruned student and the native
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Fig. 2: The pipeline of our CuT-VIT. Pairs of images are input into the native and
pruning-guided DINOv3 to obtain feature embeddings. Ly, denotes the dense feature
matching loss. Subspace decomposition (§3.2) is applied to the spatial and channel
gram matrices (S, Sp, Ci, Cp) to derive subspace bases (U, U,). Subspace consis-
tency is enforced with basis-agnostic and residual constraints (7 yielding spatial
and channel gram losses, [,ff;:itsial and £&20mel Dyring pruning, backpropagation com-
putes the gradients of each parameter, which are then ranked in descending order of

magnitude to select parameters and generate subnetworks with varying sparsity levels.

teacher. Typically, this is formulated as a reconstruction problem:

1 N
H=~ Nznzl IVmLall>, £ =17(0,,0). (1)
The parameter importance score H is approximated using the empirical Fisher
matrix over N calibration samples. Based on these scores, search algorithms such
as xXNES are employed to locate the optimal subnetwork. O4 and O; denote
the feature outputs of the student (local crops) and teacher (global crops), re-
spectively. 7°(-, -) represents the distillation objective, traditionally implemented
as a rigid element-wise comparison (e.g., MSE or KL divergence).

3.2 Gram Anchoring Subspace Decomposition

Motivation. The strong generalization ability of DINOv3 arises from the
rich structural and semantic relationships encoded in its dense feature represen-
tations. While prior work enforce rigid point-wise alignment of tokens,
such exact numerical reconstruction imposes overly strict constraints that can
encourage overfitting to redundant correlations and high-frequency noise. There-
fore, we propose decomposing the gram matrix into subspaces spanned by dense
features using singular value decomposition (SVD), and then regularizing the
subspace consistency for gram anchoring. The detailed pipeline of CuT-VIT is
shown in Fig. By injecting noise into input images, the derived bases are
encouraged to capture a more robust and noise-invariant semantic topology.
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Gram Formulation. Let F' € RL*P denote a feature embedding, where L is
the token number and D is the channel dimension. We define a generalized gram
matrix G to model the second-order correlation of the features along a specific
dimension, and then extract the manifold structure by performing SVD on G:

G=X X"~UXU", (2)

where X represents the feature matrix unfolded along the target dimension, X
is the diagonal matrix of singular values, and U contains the orthonormal basis
vectors spanning the dominant subspace. This formulation allows us to capture
correlations from two complementary perspectives:

e Spatial Gram Anchoring. To capture the topological relationships between
tokens (e.g., the spatial layout of objects), we compute the spatial gram matrix
S by aggregating features across the channel dimension, yielding:

S=F.-F" ¢ REXL, (3)

After applying Eq. to S, the spatial basis matrix U® can be obtained, which
identifies the dominant modes of inter-token correlation and can group spatially
coherent patches based on their feature similarity (“Where”).

e Channel Gram Anchoring. Complementary to spatial structure, channel
correlations encode semantic attributes (e.g., texture, style, and class). We com-
pute the channel gram matrix C by treating tokens as samples, resulting in:

C=F".FcRP*D, (4)

Similarly, decomposing C yields the channel basis U€, which decouples abstract
concepts from spatial instantiations. Consequently, U€ serves as a compact de-
scriptor of the global semantics, and answers the question of “What” is depicted.
Detailed process is provided Bases U1
in Fig. [3l By extracting US 2o s /o g — Algned
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3.3 Basis-Invariant Subspace Consistency

This section addresses the challenge of aligning feature subspaces of pruned and
native models. Since the singular vectors (bases) derived by SVD are not unique,
directly aligning the basis vectors element-by-element via MSE loss is ill-posed.
To tackle this, we propose a basis-agnostic constraint that aligns the subspaces
independent of the specific basis orientation. A residual constraint is further
proposed to suppress noise outside the aligned subspace.
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Basis-agnostic Constraint. Let U, € REXK and U, € RE*E denote the
truncated Top-K basis matrices for the pruned and native models. The affinity
matrix is defined as M = UJ U,. The subspace consistency is enforced by maxi-
mizing the subspace overlap (i.e., correlation energy) between two sets of bases:

K K
_ 2 _ 2
Consis =1 IM[[F=1=3 " >~ M (5)
where || - ||% denotes the Frobenius norm, and K is the number of selected
components. Lisis 1S robust to the non-uniqueness of SVD, as established below.

Theorem. (Basis Invariance). The loss function Ly,sis depends solely
on the subspace spanned by the bases and is invariant to arbitrary orthog-
onal transformations of the basis vectors U, and U,.

Proof. Let Q,, Q; € RE*X be arbitrary orthogonal matrices (i.e., Q;Qp =1).
The non-uniqueness of SVD implies that valid bases can be transformed versions
Up =U,Q, and U, = U;Q;. We examine the invariance of Ly, in two cases:
Case 1: Simultaneous Transformation. Consider the scenario where both
the native and pruned bases undergo arbitrary rotations. Substituting the trans-
formed bases into the Frobenius norm term yields:

10, Ul = IU,Q,) " (U.Q)II% = 1Q, (U, U)Q:||3- (6)

Recalling the unitary invariance property of the Frobenius norm (i.e., ||[UAV||p =
||A||r for orthogonal U, V'), we have:

1Q, MQu||% = ||M|f3. (7)

Case 2: Unilateral Transformation. In our task-specific pruning setting, the
native DINOv3 serves as a frozen teacher, whose basis Uy is fixed (Q; = I).
The basis U,, of the pruned network evolves during optimization and may rotate
arbitrarily. Therefore, the objective becomes:

10, U7 = llQ, (U, U,)lI% = llQ, M|} (8)

Since Q;— is orthogonal, the multiplication represents an isometric rotation which
preserves the Frobenius norm, i.e., ||Q) M||p = ||M]||p. Details are provided
in supplementary materials. Thus, Lp.sis consistently aligns the subspace of the
pruned model to the teacher, regardless of how pruned bases are oriented. O

Residual Constraint. While L},.5;s ensures the alignment of principal direc-
tions, the pruned feature embedding F}, inevitably contains redundant informa-
tion orthogonal to the target subspace. To explicitly filter this noise, we employ
a geometric projection. Let P, = U,U," be the orthogonal projection matrix
onto the native DINOv3 subspace. Any feature embedding F}, from the pruned
network can be uniquely decomposed into two orthogonal components:

F,= (ULU/'F,) + (I-UUF,). (9)
———— —_—

Aligned Component Orthogonal Residual
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The first term represents features successfully projected onto the robust teacher
subspace. The second term corresponds to the residual error or noise lying out-
side the target manifold. We minimize the energy of irrelevant information:

Eresidual = H(I - UtUtT)FpHQF (10)

Lresidual SUppresses activation that does not structurally align with the gram
anchoring of the teacher model, thereby enhancing feature purity.

3.4 Task-specific Pruning via Spectral Entropy Adaptation

In this section, we inject tailored properties for each task into the training-free
pruning pipeline. First, rather than performing universal pruning on a generic
dataset (e.g., ImageNet [9]), which ignores the distinct data distributions, our
pruning is conducted on a minimal subset of N samples from the target dataset.
This allows the subnetwork to capture the underlying data manifold of the target
domain without requiring annotations. It is noteworthy that, benefited from our
efficient design (i.e., 61s v.s. 292s of SnapViT [50]), CUT-VIT maintains lower
latency than prior methods even when performing multiple searches. Second,
we introduce spectral entropy to adaptively weight the pruning objective based
on the information density of feature manifolds across spatial and channel axes.
Let 0 and UJC denote the singular values of the native spatial and channel
gram matrices. We first normalize these singular values to obtain the energy
probability distributions within the spatial and channel subspaces:

pS = of . 0= il

! Dok U}f ! Xk Ukc

The complexity of spatial and channel representations can then be measured as:

(11)

H(S:) = = >, pf logp?, H(Cy) = — 2, p§ log p§ (12)
Theoretically, the eigenspectrum decay of the feature covariance matrices reflects
the degree of representation collapse within the token space. For instance, clas-
sification tasks optimize for shift-invariant global semantics, which drives spatial
tokens toward uniformity. This concentrates the spatial Gram matrix energy
into a few dominant principal components (lower H(S;)). Conversely, dense
prediction tasks (e.g., semantic segmentation, correspondence matching) should
preserve high-frequency topological boundaries and pixel-level semantics. This
motivates a penalty in representation collapse, and enforces a much flatter sin-
gular value distribution along the spatial axis (higher H(S;)). On this basis,
we remodel the basis consistency loss to be task-aware:

all __ _ spatial spatial channel channel
£basis =w ’ ﬁbasis +tw : £basis ’ (13)

where the dynamic weights are defined as:

spatial __ H(St) channel __

Y T H(S,) +H(C) ~H(S,) + H(Cy)’
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This ensures that our pruning algorithm adapts to given downstream tasks w.r.t.
the underlying representational demands.

4 Experiments

This section presents a comprehensive evaluation of CuT-VIT across multiple
visual tasks at sparsity levels ranging from 10% to 30%. The datasets used for
each task are listed below.

Datasets. We use the following datasets for various tasks: ADE20K [74] and
PASCAL VOC 2012 |11] for semantic segmentation, COCO [32] for object detec-
tion, NYUv2 |48] for depth estimation, DAVIS-2017 39 for video object segmen-
tation, and FG3DCAR |[33|, JODS [44], and SBD [17] for semantic matching,
as well as ImageNet [9] for image classification. ADE20K is a large semantic
segmentation dataset containing 150 categories, with 20,210/2,000/3,000 images
allocated for train/val/test. PASCAL VOC 2012 consists of 20 semantic classes
and one background class, with 1,464/1,449/1,456 images used for train/val/test.
COCO has 80 object categories for object detection, with 118,287 training im-
ages, 5,000 validation images, and 40,000 test images. NYUv2 is split into 795
images for training and 654 images for testing. DAVIS-2017 contains 60 train-
ing videos and 30 validation videos. The three datasets for semantic matching
together comprise 400 pairs of test images with dense correspondence annota-
tions. ImageNet consists of 1,000 categories, with 1.2 million images allocated
for training, 50,000 for validation, and 100,000 for testing.

Model Architecture. We adopt DINOv3 [49] (ViT-B/16) as the encoder for
all tasks. Detailed parameter counts and FLOPs at different sparsity levels are
provided in the supplementary material. Object detection uses a standard de-
formable attention decoder |78|. For classification, semantic segmentation, and
depth estimation, we employ linear probing. Video object segmentation and se-
mantic matching are evaluated via feature matching, without any decoder.
Evaluation Metrics. The performance of classification, semantic segmentation,
object detection, and semantic matching is evaluated using Top-1 Accuracy,
mloU, mAP with IoU thresholds in the range [0.5 : 0.05 : 0.95], and PCK@0.05,
respectively. Depth estimation is assessed using ARel (lower is better) and 4,
(higher is better), while video object segmentation performance is measured by
mean region similarity 7,,, mean contour-based accuracy F,, and (T &F),.
Implementation Details. The model is implemented using the PyTorch frame-
work. Pruning is performed on a single GPU, while all other experiments are
conducted on four NVIDIA A100 GPUs. For semantic segmentation, the learning
rate is set to le-3, with training conducted over 100 epochs. For object detection,
the learning rate is 5e-4, and the model is trained for 72 epochs. For depth esti-
mation, the learning rate is le-6, with training spanning 60 epochs. The batch
size is set to 16 for all tasks. For image classification, the learning rate is 5e-3,
the batch size is 1024, and the model is trained for 20 epochs. Video object seg-
mentation and semantic matching tasks do not require training; models pruned
at various sparsity levels are directly validated on the datasets. We set NV = 1000
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Table 1: Quantitative results (§4.1) on DAVIS-2017 [39] video object segmentation

using (J&F)m /| Tm | Fm-

Method

Dataset

Different Sparsity Levels of DINOv3

30% |

20%

l

10%

Training-based (0% : 69.7 / 67.00 / 72.5)

HydraViT [NeuripP
EA-VIT [1ccve

4] |16]
5] |77)

DAVIS
DAVIS

58.6 / 58.1 / 59.1
60.3 / 59.4 / 61.2

64.5 / 63.1 / 65.9
65.4 / 63.9 / 66.9

68.4 / 66.1 / 70.7
69.3 / 66.8 / 71.8

Training-free (0% : 69.7 / 67.0 / 72.

5)

LAMP [1cirot) [25] ImageNet || 35.0 / 32.0 / 37.0 ] 40.4 / 38.1 / 42.8 | 60.2 / 58.4 / 62.1
NVIT [cvrros) (62| ImageNet |[36.3 /34.2 /38.4|48.3 / 46.9 / 49.7 | 61.2 / 59.7 / 62.7
SNIP [iccvos) [23] ImageNet || 36.5 / 33.8 /39.2|51.0 / 49.2 / 52.9 | 61.9 / 60.3 / 64.4
SNOWS [1cLr2s] |35] ImageNet |[|52.9 /50.7 / 55.1|59.4 /57.8 /61.0|63.8/61.3/66.3
SnapViT [vewire2o) [50] ImageNet ||56.0 / 54.3 / 57.7 | 60.8 / 58.8 / 62.8 | 65.0 / 63.4 / 66.7
CuT-VIT (Ours) DAVIS 59.4 / 58.0 / 60.8/65.0 / 63.2 / 66.8/68.7 / 66.3 / 71.2

t3.4 / 13.7 / 13.1

+4.2 / t4.4 / 14.0

3.7 / 12.9 / 14.5

Table 2: Quantitative results (§4.1) of semantic matching on the FG3DCar / JODS
/ SBD (FJS) dataset [17,/33}/44].

Method

Dataset

Different Sparsity Levels of DINOv3

30%

| 20%

10%

Training-based (0% : 92.0 / 77.1 / 59.

7)

HydraViT [Newrips24] [16]
EA-ViT [1ccvas) [77]

FJS
FJS

69.9 / 55.7 / 37.6
72.0 / 57.9 / 38.5

90.7 / 72.5 / 51.9
91.4 / 74.2 / 54.6

91.2 / 76.3 / 59.1
92.0 / 77.0 / 59.5

Training-free (0% : 92.0 / 77.1 / 59.7)

LAMP [icLio1) [25] ImageNet || 55.2 / 38.8 / 29.9 | 79.5 / 56.9 / 38.9 | 84.2 / 59.2 / 50.4
NVIT [cveros) [62] ImageNet || 56.3 /38.2 /29.8 | 80.2 / 56.4 / 39.2 | 86.3 / 60.7 / 51.1
SNIP [1ccves) [23]  ImageNet || 59.6 / 39.1 / 30.4 | 82.3 / 58.9 / 40.9 | 88.4 / 63.6 / 53.2
SNOWS [1crr2s) [35] ImageNet || 64.8 / 44.2 / 32.1 | 85.3 / 62.9 / 50.6 | 90.3 / 71.7 / 54.9
SnapViT [veuwrirs2s) [50] ImageNet || 65.7 / 43.3 / 32.4 | 86.0 / 64.0 / 50.8 | 90.2 / 75.1 / 56.0
Cur-ViT (Ours) — 70.8 / 56.3°/ 37.9/90.6 / 73.0 / 53.2|92.0 / 76.9 / 58.9

5.1 / 112.0 / 15.5

t4.6 / 19.0 / 12.4

1.7 / 11.8 / 12.9

and the number of principal components K = 192 in the low-rank SVD. Except
for image classification, which relies solely on the CLS token for basis-invariant
subspace consistency, all other downstream tasks incorporate basis-agnostic and
residual constraints from the perspectives of spatial and channel gram anchoring.

4.1 Comparison with SOTA Methods

Video Object Segmentation. We compare CUT-VIT with other state-of-the-
art methods on the DAVIS-2017 dataset |39] for video object segmentation, as
shown in Table [I] The proposed method significantly outperforms the training-
free method on the (7&F)m, Jm, and F,, metrics at various pruning sparsity
levels. Notably, at 20% sparsity, CUT-VIT improves the corresponding metrics
by over 4.2%, 4.4%, and 4.0%, respectively. When compared to training-based
pruning methods, our approach also outperforms HydraViT [16], although it
slightly trails behind EA-ViT [77] in performance. These results highlight the
superiority of the backbone obtained using our pruning approach.

Semantic Matching. Table[2reports the semantic matching results on the FJS
dataset [17}33./44]. Across all datasets and pruning sparsity levels, CuT-VIT con-
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Table 3: Quantitative results (§4.1) for Table 4: Quantitative results (§4.1)) for

object detection on COCO |32]. semantic segmentation on ADE20K [74].
. ‘ Different Sparsities o Different Sparsities
Method Dataset ‘ 30% ‘ 20% 0% Method Dataset 30% ‘ 20% ‘ 10%
Training-based (0% : 57.8) Training-based (0% : 51.8)
HydraViT l16] COCO 47.6 52.3 56.1 HydraViT (veun 16| ADE20K 46.4 48.9 49.6
EA-ViT o 771 COCO 49.4 54.1 56.9 EA-ViT 77 ADE20K 48.2 50.9 51.4
Training-free (0% : 57.8) Training-free (0% : 51.8)
LAMP |25] ImageNet || 42.3 43.8 50.6 LAMP icinen [25] ImageNet || 43.7 454 47.3
NVIT cvs |62] ImageNet || 42.7 44.6 51.4 NVIT jcveres |62 ImageNet || 43.5 46.1 479
SNIP e |23| ImageNet 43.8 45.2 48.4 SNIP vos (23] ImageNet || 44.0 47.6 48.0
SNOWS 251 |35] ImageNet 45.1 50.6 54.4 SNOWS i 35| ImageNet || 45.8 47.8 50.0
_SuapViTpouirezs [50] ImageNet || 45.8 | 510 | 541 SnapViT pover [50] ImageNet || 460 | 483 | 50.2
CuT-VIT (Ours) COCO ||48.6 12.853.0 12.056.5 {2.1 CuT-VIT (Ours) ADE20K |47.211.2/50.011.7|51.010.8

sistently outperforms existing training-free methods as well as the training-based
HydraViT [16]. For instance, at 30% sparsity, CUT-VIT improves performance
over the training-free methods by 5.1%, 12.1%, and 5.5% on FG3DCar, JODS,
and PASCAL, respectively, and exceeds HydraViT [16] by 0.9%, 0.6%, and 0.3%.
These results indicate that the proposed pruning strategy effectively preserves
the fine-grained feature matching capability of DINOv3 [49].

Object Detection. Table[3|compares the performance of CUT-VIT with state-
of-the-art methods on the COCO dataset [32]. CUT-VIT outperforms training-
free approaches and achieves competitive performance relative to the training-
based EA-VIiT [77]. For instance, at 30% sparsity, CUT-VIT improves mAP by
2.8% over the former, while slightly trailing behind the latter by 0.4%. These
results further demonstrate that our approach more effectively preserves the
detection capabilities of DINOv3 [49].

Semantic Segmentation. Table [4] presents experimental results comparing
our method with SOTA approaches on the ADE20K dataset [74]. At sparsity
levels of 30%, 20%, and 10%, CuT-VIT outperforms training-free methods by
1.2%, 1.7%, and 0.8% in mloU, respectively, and significantly surpasses the
training-based HydraViT [16]. These results show that CuT-VIT preserves ro-
bust semantic information in subnetworks pruned from DINOv3 [49).

Depth Estimation. Table[5|presents the depth estimation results on the NYUv2
dataset [48], comparing the proposed method with state-of-the-art approaches.
Consistent with its performance on other dense prediction tasks, CuT-VIT out-
performs training-free pruning methods in both ARel and §;, while achieving
competitive performance compared to training-based methods. Furthermore,
when pruning an equal number of parameters, our approach yields models whose
performance is closer to the original DINOv3 [49] than those produced by training-
free pruning methods. These results across multiple dense prediction tasks demon-
strate that CUT-VIT effectively preserves the robust dense feature representa-
tions of the native DINOv3 [49] during pruning.

Image Classification. Table[7] presents the image classification results of CUT-
VIT on the ImageNet dataset 9], compared with state-of-the-art methods. Even
without gram anchoring, the method outperforms training-free pruning approaches
by relying solely on basis-agnostic and residual constraints. At sparsity levels of
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Table 5: Quantitative results (§4.1)) for depth Table 6: Quantitative results (§4.2))

estimation on NYUv2 [48] using ARel / d:. for out of distribution validation.
Different Sparsities ADE20K — VOC
Method Dataset I Ie
etho atase H 30% ‘ 20% ‘ 10% Method Dataset ‘ 20% 10%
Training-based (0% : 3.0 / 99.9) Training-based (0% : 76.0)
HydraViT vewieees [16] NYUv2 5.2 /984|149 /99.0(4.1/99.7 HydraViT)» 16! ADE20K 73.6 74.8
EA-ViT pcovan [77] NYUv2 || 8.9 /99.3 [3.4/99.7|3.1/99.9 EA-ViTicoves (77| ADE20K || 749 | 75.7
Training-free (0% : 3.0 / 99.9) Training-free (0% : 76.0)
LAMP [ icoron [25] ImageNet |[15.8 / 91.8[14.0 / 93.4[11.3 / 96.4 LAMP 25 TmaseNet T 708 | 742
NVIT (v (62| ImageNet ||14.4 / 93.3(12.7 / 95.1/10.3 / 96.1 NVIT o3| mmageNet | 707 | 73.9
SNIP ;iccves [23] TmageNet [|11.1 / 95.0/10.4 / 96.3| 9.2 / 96.8 SNIP sy B3 Im;on 7 | 74
SNOWS (icror [35] TmageNet || 8.3 /97.6 [ 5.7 /98.2|5.5 / 98.1 i = e ’ )
/ NOW ./ |35 ImageNe: 2. 4.1
SnapViT (voive (50| TmageNet || 7.7 / 97.6 | 5.6 / 98.5 | 5.0 / SNOWS 55| ImageNet || - 72.9 | 741
. e S af 9.3 _ SnapViTi.v oo [50] ImageNet || 726_| 73.6_
Cut-VIT (Ours) : 18/ 108 Cut-VIT (Ours) ADE20K ||74.7:1.8/75.211.1

Table 7: Quantitative results (§4.1) for image Table 8: Complexity analysis (§4.3)

classification on ImageNet [9]. on a single A100 GPU under the same
H Different Sparsities settings.
Method Dataset = = =
H 10% ‘ 20% ‘ 30% Method Pruning Time| GPU IoU
Training-based (0% : 89.30) Lo (Second) | (GB) "°
HydraViT o [16] TmageNet || 87.8 ‘ 78.6 ‘ 55.9 Training-based
‘EAA—VlT cves |77) ImageNet 89.1 81.7 60.3 EAVIT roovn 17 H 13920 ‘ 37.9 ‘ 50.9
Training-free (0% : 89.30) Training-free
NVIT jcvenzs [62] ImageNet 71.3 61.9 54.7 - y
SNIP /ccves (23| ImageNet | 721 | 634 | 55.2 SNIP icevas 23 220 270 | 47.6
SNOWS iciio) [35] ImageNet || 86.2 76.7 56.1 SNOWS jicuas 35 6121 21.3 | 4738
_ SnapViT oo [50] ImageNet || 868 | 782 | 564 SnapVil oo 5Of) 292 ] 235 | 48.3
CuT-VIT (Ours) ImageNet ||88.6 11.8(79.4 11.2/57.2 10.8 Cut-VIT (Ours) 61 10.7 50.0

10%, 20%, and 30%, it achieves gains of 1.8%, 1.2%, and 0.8%, respectively.
Furthermore, consistent with dense prediction tasks, CUT-VIT achieves com-
petitive performance relative to training-based pruning methods. These results
indicate that basis-invariant subspace consistency, even when applied solely to
CLS features, effectively captures rich global information.

4.2 Out of Distribution Generalization

The generalization of CUT-VIT is evaluated by performing inference on the
PASCAL VOC 2012 dataset [11] using models trained on ADE20K [74]. Table|[]
compares its performance with state-of-the-art methods. CuT-VIT consistently
outperforms training-free pruning approaches across all sparsity levels, achieving
a notable gain of 1.5% mloU at 20% sparsity. These results provide strong evi-
dence that the proposed pruning strategy enables the subnetworks to effectively
inherit the generalization ability of the native DINOv3 [49].

4.3 Ablation Study

Complexity Analysis. Table [8] presents a comparison of the algorithmic com-
plexity of CUT-VIT with state-of-the-art methods. Compared with both training-
free and training-based methods, CuT-VIT achieves promising performance while
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Table 10: Component analysis (§4.3)
of spatial and channel gram anchoring
on ADE20K [74] with 20% sparsity.

Basis-agnostic Residual  Task-

Spatial Gram Channel Gram

Bgelline Constraint ~ Constraint specific mllolU Biesliine Anchoring Anchoring sallolU
v 48.4 v 48.4
v v 49.1 v v 49.7
v v 49.3 v v 49.5

72 v v v |4 | 7 v v [s00

Table 11: Parameter analysis (§4.3) of prin-
cipal component number K on ADE20K [74]
at 20% sparsity. CEVR denotes the cumula-

Table 12: Performance analysis (§4.3))
between static weighting and spectral
entropy weighting across different tasks

tive explained variance ratio. at 30% sparsity.

K [ 96 128 144 192 256 300 500 Static Spectral Entropy
Setup ‘Weightin ‘Weightin,
CEVR 91.8 93.9 96.6 98.9 99.2 99.4 99.6 shting gating
Time 0.43 0.46 0.5 0.59 0.72 0.80 1.12 Detection 47.9 48.6
Classification || 79.1 79.2 79.2 79.4 79.4 79.4 79.5 Segmentation||58.8 / 57.2 / 60.3|59.4 / 58.0 / 60.8
Segmentation || 49.6 49.8 49.9 50.0 50.1 50.1 50.2 Matching |[70.2 / 55.5 / 37.3|70.8 / 56.3 / 37.9

significantly reducing pruning time and GPU memory usage. Specifically, it re-
quires only 20.9% of the time and 45.5% of the GPU memory required by
SnapViT [50], while delivering a 1.7% improvement in mloU. Although the
method trails training-based pruning approaches, such as EA-ViT [77], by 0.9%
in performance, it requires only 0.44% of the time and 28.2% of the GPU mem-
ory. These results demonstrate that competitive performance can be achieved
with minimal computational overhead.

Component Analysis. The results for each component and the different gram
matrices are reported in Tables [ and [I0] respectively. Local dense feature align-
ment Ly, is adopted as the baseline. The basis-agnostic constraint, residual con-
straint, and task-specific adaptation mutually complement each other, enabling
the model to achieve excellent experimental performance. Furthermore, incor-
porating spatial and channel gram matrices encourages the pruned model to
learn spatial contextual information and channel-wise semantic representations
aligned with those of DINOv3 [49]. The complementary effects of the two gram
matrices allow the model to accurately capture semantic and spatial contextual
information, thereby achieving optimal performance.

Parameter & Weighting Analysis. Tables[I1]and[I2] present the performance
analysis of the number of principal components K and different loss weightings,
respectively. For the former, we analyze it from the following three aspects: i)
Information preservation. We introduce the cumulative explained variance ratio
(CEVR) to quantify the information retained by the selected Top-K principal
components. ii) Efficiency. We measure the time to obtain the corresponding
principal components from a single matrix via SVD. iii) Cross-task robustness.
The results below confirm that K = 192 achieves an optimal trade-off among
information preservation, computational efficiency, and performance. For the
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Table 13: Ablation analysis &) on different pruning datasets at 30% sparsity.

HVideo Object Segmentation‘Depth Estimation‘ Semantic Matching

Method Dataset

|| (J&F)m / Im / Fm | ARel | /& 1 [FG3DCar / JODS / SBD
SNOWS [1cLizs) (33 ImageNet 52.9 / 50.7 / 55.1 8.3 /97.6 64.8 / 44.2 / 32.1
o Target 53.4 / 50.9 / 56.0 8.0 / 97.6 65.4 / 44.6 / 32.6
SnapViT [(x 5251 [50] ImageNet 56.0 / 54.3 / 57.7 7.7 /976 65.7 / 43.3 /32.4
d R Target 56.4 / 54.6 / 58.1 7.3 /97.7 66.4 / 43.5 / 32.8
e 59.4 / 58.0 / 60.8 4.6 / 98.7 70.8 / 56.3 / 37.9
Cur-VIT (Ours) Target 3.0 / 13.4 / 12.7 12.7 / 1.0 4.4 / 111.7 // 5.1

Table 14: Robustness analysis (§4.3)) of different archi- Table 15: Ablation analysis
tectures on their corresponding tasks at 30% sparsity. (§4.3) between MSE and BL

LA IDJiIr L Baseline MSE BI | mAP
Method . .
Promptable Seg.| Video Object Seg. Open-vocabulary Seg. 4 54.3
54.
SNOWS [35 67.9 40.1/42.3 /37.8 45.7 v v
SnapViT [50 68.6 40.6/43.0 / 38.1 46.9 54.7
Cur-VIT 71.3 127 |44.6 14.0 / 46.7 13.7 / 42.5 14.4 51.1 (3.2 v v 55.7

latter, the performance on object detection, video object segmentation, and se-
mantic matching highlights the superiority of spectral entropy weighting.
Pruning Dataset Analysis. We conduct an ablation analysis on pruning with
different datasets across various tasks, as shown in Table The experimental
results on the three tasks show that even when pruning is performed on the
corresponding target datasets, the state-of-the-art SNOWS [35] and SnapViT
[50] achieve only marginal performance gains. This directly demonstrates that
the performance improvements stem from the superiority of our method itself,
rather than from simply replacing the pruning dataset.

Architecture Robustness Analysis. In addition to DINOv3 [49], we fur-
ther apply our method to SAM [22], DeiT [53|, and CLIP [42], and compare it
against state-of-the-art methods to validate its robustness across architectures,
as reported in Table [I4] Their performance on prompt segmentation, video ob-
ject segmentation, and open-vocabulary segmentation is evaluated using 0.1%
of SA-1B, DAVIS-2017, and PASCAL-Context, respectively. The results demon-
strate that our method generalizes robustly across diverse architectures.
Subspace Alignment Analysis. Table [I5] and Fig. [f] provide an extensive
analysis of subspace alignment strategies from quantitative and qualitative per-
spectives, respectively. Taken together, these results show that naively aligning
and pruning models with standard distance metrics (e.g., MSE) penalizes mean-
ingless rotational differences, leading to ill-posed optimization. In contrast, our
basis invariance (BI) proves that Lpqs;s depends exclusively on the geometric
overlap between subspaces and is invariant to basis rotations, thereby provid-
ing a robust foundation for subspace alignment. Compared with the diffused
representations induced by MSE, BI preserves the precise object boundaries of
DINOv3 [49] representations and achieves superior performance.

Retention & Overlap Analysis. Fig. [5] shows the parameter retention and
overlap ratios for both training-free OSP and our task-specific methods across
different blocks. As illustrated in (Left), the parameter retention rate of the
generic method fluctuates significantly from the 3rd to the 10th layer, while our
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Fig. 4: Qualitative comparison (§4.3) of different subspace alignment strategies.
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Fig. 5: The parameter retention and overlap analysis (§4.3)) for each block in DINOv3
[49]. (Left) shows the parameter retention rate for each block in both training-free
OSP and our task-specific methods. (Right) illustrates the overlap ratio of the retained
parameters in the MLP and MHA layers of each block for the two types of methods.

task-specific method exhibits more stable changes, indicating that our approach
better preserves the fine-grained texture features of DINOv3 . The curve in
(Right) reveals that both pruning paradigms focus more on the information
within the attention layers across several intermediate blocks.

5 Conclusion

In this paper, we propose CUT-VIT, a task-specific model pruning paradigm to
mitigate robustness degradation and task-specificity deficiency present in exist-
ing work. Specifically, we construct gram anchoring matrices from spatial and
channel perspectives and apply subspace decomposition to extract the corre-
sponding bases in latent space. Basis-agnostic and residual constraints are de-
signed to enforce subspace consistency between the original and pruning-oriented
DINOv3 models across both domains. This enables the subnetwork to inherit the
robust feature representations of foundation models such as DINOv3. Moreover,
we introduce spectral entropy adaptation, which quantifies the information den-
sity of feature manifolds along spatial and channel dimensions, thereby adapting
the pruning objective to specific downstream tasks. Extensive experiments on
six tasks across nine datasets show that CuT-VIT achieves state-of-the-art per-
formance with minimal computational overhead compared to prior approaches.
Acknowledgments. This work was supported by the National Defense
Science and Technology Industry Bureau Technology Infrastructure Project
(JSZ1.2024606C001).
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