Under review as a conference paper at ICLR 2026

CROSS-BATCH GRADIENT CONSISTENCY FOR
ADAPTIVE LOSS BALANCING IN
KNOWLEDGE DISTILLATION

Anonymous authors
Paper under double-blind review

ABSTRACT

Knowledge distillation (KD) is a widely used approach for compressing large neu-
ral networks into compact student models by combining supervised learning with
teacher-guided alignment. While recent studies have attempted to improve KD
through adaptive weighting between the supervised and distillation objectives,
most existing methods determine weights solely from gradients computed on a
single mini-batch. This batch-local perspective neglects the crucial requirement
that student updates should generalize across unseen data, often resulting in gra-
dient conflicts, unstable training dynamics, and suboptimal performance. In this
work, we introduce a cross-batch dynamic weighting framework for KD that ex-
plicitly incorporates generalization signals beyond the current batch. At each it-
eration, we leverage an auxiliary batch as a proxy for unseen data, compute its
supervised gradient as a reference, and solve a lightweight quadratic program to
adaptively select weights that align the combined update direction with this refer-
ence. To further stabilize optimization, we normalize task gradients and introduce
a scaling mechanism that balances their magnitudes while maintaining compu-
tational efficiency. Extensive experiments on standard benchmarks demonstrate
that our approach consistently outperforms fixed-weight and batch-local adaptive
baselines, leading to more stable optimization and superior student performance.
These results highlight the importance of cross-batch consistency in KD and estab-
lish our method as a principled and effective strategy for dynamic loss balancing.

1 INTRODUCTION

Knowledge distillation (KD) [[L5] has emerged as a powerful paradigm for compressing large teacher
neural networks into lightweight student models while retaining competitive performance. In an era
dominated by ever-growing large-scale models like large language models and vision transformers,
KD remains a crucial and widely adopted technique for deploying these complex models in resource-
constrained environments. By leveraging both the ground-truth labels and the guidance of a teacher
model, KD provides a flexible mechanism for improving generalization and efficiency in student
training.

KD typically trains a student model by jointly optimizing two objectives: the supervised cross-
entropy (CE) loss and the Kullback-Leibler (KL) divergence loss. As there are two loss terms,
setting appropriate loss weights is crucial for KD and conventional methods usually search static
loss weights to combine two terms. However, recent studies [50, 46,130, [12, 144} [26] have shown that
using fixed loss weights fails to account for the varying importance of the tasks across training iter-
ations, leading to either under- or over-emphasis of the distillation signal relative to the supervised
signal, and thus is often suboptimal. To this end, recently, researchers have shifted their attention to
designing dynamic weighting strategies. In [50]], Yu et al. introduced instance-wise weighting based
on the discrepancy between the teacher’s predicted probability and the ground-truth label, while [46]
leveraged adaptive weighting by focusing on the teacher’s key predictive regions in object detection.
[30] developed an adaptive loss weighting strategy for semantic segmentation by gradually reducing
the teacher’s influence, and [12]] dynamically adjusts the KD loss weight by assigning a per-instance
weight based on a sample’s difficulty, which prioritizes distilling knowledge from easier samples
with a lower loss weight, while increasing the weight for harder samples as training progresses.
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More recently, [44]] estimate the influence of a sample on unseen data by by multiplying the inverse
Hessian of the training loss with the sample’s loss gradient for dynamic loss weighting. [47]] priori-
tizes the separation of positive and negative documents by down-weighting the loss for well-ranked
positives and poorly-ranked negatives, while emphasizing the alignment with the teacher for docu-
ments that the student model struggles with. [26] adjusts KL loss weights based on the discrepancy
between the student and teacher’s probability distributions, shifting the focus towards hard-label
supervision when the student’s output differs significantly from the teacher’s.

While prior dynamic weighting methods have shown improvements by adjusting loss weights at the
instance or mini-batch level, they generally rely only on signals from the current batch. Such batch-
local strategies implicitly assume that optimizing the weighted loss within one batch automatically
leads to better generalization, but this assumption is not guaranteed. In fact, the two objectives in
KD—the CE loss tied to supervised accuracy and the KL loss serving as auxiliary teacher align-
ment—often produce gradients that are not aligned, causing destructive interference and unstable
updates [28 49]. Importantly, what ultimately matters is not just minimizing the weighted loss on
current samples, but improving the primary CE objective on unseen data. Existing methods, how-
ever, lack an explicit mechanism to ensure that their weighting improves CE generalization, and
thus risk either over-emphasizing or under-utilizing the teacher signal in ways that do not benefit the
student’s predictive accuracy.

To overcome these limitations, we propose a new dynamic weighting framework that explicitly opti-
mizes for generalization of the CE task on unseen samples, rather than only reconciling CE and KL
within a single batch. Our key idea is to leverage an auxiliary batch as a proxy for unseen data and
select weights such that the weighted update direction from the current batch is consistent with the
CE gradient on the auxiliary batch. This design ensures that the estimated loss weights directly pro-
mote improvement of the primary supervised task, while still incorporating the auxiliary distillation
signal. Unlike multi-task learning (MTL) methods [19} [11], which aim to balance multiple tasks
of equal importance, our formulation explicitly prioritizes the CE objective and treats KL as a sec-
ondary regularizer, reflecting the asymmetric roles of the two losses in KD. Furthermore, since CE
and KL gradients often differ in scale due to their heterogeneous objectives, we integrate gradient
normalization and a scaling mechanism [28|[11] to prevent one task from dominating merely because
of magnitude imbalance. This ensures that the dynamic weighting reflects genuine trade-offs rather
than artifacts of gradient norms. Together, these components yield a principled and stable optimiza-
tion scheme, enabling more consistent knowledge transfer and improved generalization performance
of the student model.

The main contributions of this work are summarized as follows:

* We identify the overlooked limitation of existing KD approaches that rely on batch-local
weighting, which often leads to unstable optimization due to gradient conflicts. To address
this issue, we propose a novel cross-batch dynamic weighting framework that leverages aux-
iliary gradients from an additional batch to adaptively guide the selection of task weights at
every iteration.

We develop an efficient optimization procedure with gradient normalization and scaling, ensur-
ing stable updates while incurring negligible computational overhead. This design maintains
task balance and effectively integrates CE and KL objectives.

Extensive experiments demonstrate that our method consistently improves student model per-
formance over fixed-weight and batch-local adaptive baselines, validating the effectiveness of
our cross-batch perspective.

2 METHODOLOGY

2.1 KNOWLEDGE DISTILLATION WITH DYNAMIC WEIGHTING

In a typical knowledge distillation (KD) framework, the training of the student model S involves
two complementary objectives. The first is the cross-entropy (CE) loss, which enforces prediction
accuracy with respect to the ground-truth labels. Given a batch B = (x;, yi)zn , of inputs z; and
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labels y;, the CE objective is

m

e
1

Lee(B; S) _E - Z; 1[y; = c]log ps(c|;), (1)

where pg(c | z) denotes the predictive distribution of .S over the C' classes. The second component
is the distillation loss, which typically aligns the student with the teacher 7" at a distributional or

representational level. We denote this generically as a Kullback—Leibler divergence,

Lu(B;S,T) ZDKL ar (z|zi)llgs (z|zi)), 2)
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where g7 (- | «) and gs(- | =) represent teacher and student distributions over some latent variable
z. The choice of z is flexible: it may correspond to softened class probabilities, intermediate hidden
features, or attention maps, depending on the particular KD variant employed. Combining the two
terms, the overall training objective in conventional KD is

L(B; S) = weeLee(B; S) + wiLlu(B; S, T), 3

with nonnegative coefficients wce, wy that are typically fixed beforehand and remain constant across
all training iterations.

However, such a fixed weighting scheme lacks adaptivity and may lead to suboptimal updates. Since
Jee, gka (the gradients of L and Ly;) are computed from stochastic mini-batches, their directions
often exhibit variability and even conflict across iterations. A constant convex combination Wee gee +
wyi gk cannot flexibly adapt to these fluctuations, which in turn deteriorates optimization dynamics
and slows down convergence. In particular, a weight setting that is beneficial on one batch can bias
the training signal on another batch where the relative gradient scales and directions differ.

To address this issue, we propose to dynamically determine the task weights at every training step.
Specifically, in addition to the current batch B; used to compute gradients for both L., and Ly,
we draw an auxiliary batch B, from the same dataset (with independent shuffling). The core idea
is to evaluate how well a candidate update on B; generalizes to By under the CE objective, and
to adaptively select weights w = [wee, wy] that minimize the inconsistency between the combined
update direction and the CE gradient on B,. This construction provides a mechanism for aligning
the weighted task gradient with the direction that is most consistent across different samples, thereby
mitigating gradient conflicts and enabling more effective student optimization.

2.2  WEIGHT SEARCHING FOR IMPROVEMENTS ON UNSEEN DATA

We begin by introducing the weighted gradient of the student model as

Juw = WeeGee + WiiGkl, €]

where g.. and gi; denote the task-specific gradients of the CE loss and the KL-based distillation loss,
respectively. The coefficients w.. and wy; regulate the relative contribution of each task which are
adaptively optimized at every iteration. The central question is how to select w = (wee, wy1) such
that the resulting update direction is both effective on the current batch and consistent with unseen
data.

To address this, we introduce an auxiliary signal from an unseen batch. Specifically, we freeze the
student parameters and compute a reference gradient from the CE loss on a different batch, denoted
by Gc.. This auxiliary gradient serves as a proxy for the generalization behavior of the model, since
it reflects how the student would respond to samples not directly involved in the current update. Our
objective is to prevent the weighted update from overly aligning with this auxiliary signal, thereby
reducing gradient conflicts between batches. Formally, we minimize:

Hg‘?v(glgce)27 W= {wcevwkl Z vace + wi S 1} (5)

This problem can be compactly written as a quadratic program of the form

. T \2 T T T
- ce» ce] - 6
gglv(u w)%, U= [goeYees Gig Gee ©)



Under review as a conference paper at ICLR 2026

update

student model scale
searched Wee Il Gee Il
Gw  — — —
@ @ vt * | w g
—
B, L. L Geer Gua
teacher model J/ \L
W, U
logits intermediate I
& _ variable
—_— optimize
student model Wee, Wig
- l
B, Lo Gee
teacher model
logits

~—

Figure 1: Overall methodology of the proposed dynamic weighting framework.Two batches B; and
By are sampled to compute task gradients (gce, gx1) and the auxiliary CE gradient G ... We adaptively
search weights (wee, wy ) to minimize cross-batch inconsistency, followed by gradient normalization
and a scaling factor ) to stabilize the final update.

The matrix uu " is positive semidefinite with rank one, making the optimization convex and compu-
tationally lightweight.

In our design, gradients from other mini-batches only involve the CE loss. This choice is motivated
by the role of CE and KL in distillation: CE constitutes the primary objective directly tied to task
performance, while KL merely serves as an auxiliary alignment signal. Incorporating KL across
batches would risk over-emphasizing the auxiliary task and weakening the focus on the supervised
objective. By restricting cross-batch aggregation to CE, we ensure that the optimization remains
centered on the main learning target, with KL acting only as a within-batch regularizer.

By construction, this formulation adaptively selects task weights that minimize destructive inter-
ference between CE and KL updates, ensuring that the student’s gradient direction remains stable
across batches. In contrast to fixed weighting schemes, our approach dynamically reconciles the two
tasks in a data-dependent manner, yielding more consistent and generalizable knowledge transfer.

2.3 GRADIENTS BALANCE AND STABILIZATION

Once the optimal coefficients w = (wce, wy) are obtained from the quadratic program in Eq. equa-
tion[6 we construct the weighted task gradients as

Jee = WeeGees G = Wkigk, @)

Gradient Balancing. Due to the inherent imbalance in task gradient magnitudes, a direct combi-
nation often leads to instability where one task dominates the update solely because of its scale. This
effect is particularly evident in KD, as CE and KL losses are defined on heterogeneous objectives
and thus yield gradients with substantially different magnitudes [19}[11}28]]. Without correction, the
task with the larger gradient norm would overshadow the other, biasing the optimization regardless
of the adaptive weight search. To address this, we normalize the task contributions by rescaling the
weights as

Ngeell2 - lgall2 - = - 19ecll2 - Igiallz ®)

che||2 ||gkl||2

This rescales w,. and wy; proportionally to the relative task gradient magnitudes, so that the effective
contributions g/, and gy, are comparable in norm. This step prevents raw scale discrepancies from
dictating the update direction and ensures that the adaptive weighting reflects genuine task trade-
offs rather than artifacts of heterogeneous loss formulations. Such normalization has been shown to
mitigate gradient dominance and improve stability across objectives [19} |11} 28]].

Wee = Wee
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We then scale the loss weights by the weight of CE such that the CE weight is 1 and KL weight will
adjust the contribution of the KL loss:

final _ final Wkl
e =1, Wy = —- ©)]
wce

w,

We observed that CE constitutes the primary supervised objective directly governing the student’s
predictive accuracy, while KL serves as an auxiliary alignment signal guiding the student to mimic
the teacher, as confirmed by experiments in Section By fixing w.e = 1, we guarantee that
the main learning signal remains dominant, while the proportional scaling preserves the relative
contribution of the auxiliary KL task identified by dynamic weighting. This strategy aligns with
common practices in multi-task learning, where primary task gradients are maintained at a stable
magnitude while secondary tasks are adaptively scaled [11} |19 28]]. Empirically, this adjustment
improves convergence stability and ensures that the student benefits from the teacher’s guidance
without compromising task performance.

Gradient Stabilization. Beyond this final weighting, we further stabilize the optimization by in-
troducing a scaling factor \ inspired by CAGrad [28]. Let g9 = %(gce + gii) denote the unbiased

mean gradient across tasks, and let g,, = w?e“ algce + w&“al gx denote the dynamically weighted gra-

dient. We define
_ allgolle
|gwll2’
where « is a hyperparameter controlling the relative strength of correction. This formulation ensures

that the additional signal from g,, is scaled in proportion to the reference magnitude of gy, preventing
excessively large or small updates due to fluctuating weight solutions. The final update rule becomes

(10)

Yfinal = Go + Agwy S+ 85— T)Gfinal » (11)

with 7) the learning rate. Intuitively, Eq. (TT) interpolates between the unbiased mean gradient g, and
the adaptively weighted correction g,,: when A is small, the update is close to gg, while larger values
emphasize the task-adaptive direction. This balancing mechanism ensures that dynamic weighting
improves optimization without destabilizing it, yielding updates that are both data-dependent and
scale-consistent.

In practice, each iteration requires two forward—backward passes: one on By with frozen student
parameters to obtain Gee, and one on By with trainable parameters to compute gce and gy . The ad-
ditional quadratic program and rescaling operations incur negligible computational overhead, while
the incorporation of A provides consistent training stability across tasks.

3 EXPERIMENTS

Datasets. We conduct experiments on CIFAR-100 [20]]. CIFAR-100 is a widely used image clas-
sification dataset consisting of 100 classes, with each image sized 32x32 pixels. It contains 50,000
training images and 10,000 test images.

Baselines. We evaluate the effect on our improved CAGrad method for conventional knowledge
distillation approaches, including KD [15]], RKD [35], AT [51], KDSVD [22], PKT [36]. These
methods are implemented using the mdistiller [54,[55] repository. For each experimental setting, we
run the repository’s distillation training code with adjusted parameters to obtain a trained student
model, whose classification accuracy serves as the baselines.

Implementation Details. All experiments were conducted on a single NVIDIA GeForce RTX
3090 GPU. We strictly follow the training and testing protocol, and hyperparameters in the prior
work [18,/10]. To ensure a fair comparison, we kept all shared training parameters identical between
the baseline and our proposed method. Specifically, for all distillation methods, we used a batch
size of 64, trained for 240 epochs, initialized the learning rate at 0.05, applied learning rate decay at
epochs 150, 180, and 210 with a decay factor of 0.1, and used SGD as the optimizer. All results are
reported by taking average over 5 trials.
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Table 1: Comparisons of student model performance between conventional KD methods and our
proposed approach.

Teacher resnetl0l  resnet56 vggl3 resnetl0l  resnetl10  resnetl10  wrn-40-2

Student resnet50  resnet20  vgg8  resnet34  resnet32x4  resnet56  wrn-40-1 Avg %
KD 80.21 70.62 72.90 80.57 78.86 75.14 73.65 75.99
KD + ours 80.51 71.59 73.46 81.22 79.31 75.72 74.83 76.66
RKD 80.18 70.12 71.45 79.56 79.36 74.38 72.02 75.30
RKD + ours 80.83 70.93 72.09 80.40 80.05 75.09 72.76 76.02
AT 79.93 69.70 71.54 79.85 79.18 73.92 73.02 75.31
AT + ours 80.23 70.74 72.64 80.61 79.53 74.62 74.01 76.05
KDSVD 78.73 70.11 70.53 79.42 79.62 73.06 71.83 74.76
KDSVD + ours 79.70 71.07 71.39 80.13 80.26 73.52 72.58 75.52
PKT 80.32 70.43 73.19 80.22 80.15 74.70 73.73 76.11
PKT + ours 80.95 71.20 73.77 80.94 80.80 75.39 74.09 76.73

3.1 RESULTS OF OUR PROPOSED APPROACH

We first evaluate our proposed dynamic weighting strategy by integrating it into five representative
knowledge distillation approaches: KD [15]], RKD [35]], AT [51], KDSVD [22], PKT [36]. To ensure
generality, experiments are conducted on seven widely adopted teacher—student pairs, including
resnet, vgg, and wrn families, ranging from large-capacity teachers such as resnet101 and resnet110
to compact students such as resnet20 and wrn-40-1.

Table |1{ reports the top-1 accuracy of student models under conventional distillation and under our
method. For each baseline, the best result between the vanilla and “+ ours” variant is highlighted in
bold. The last column summarizes the average improvement across all pairs. Overall, our method
consistently improves student performance across different distillation techniques and architectures.
A closer inspection reveals that the gains are particularly pronounced on challenging small-student
settings (e.g., ResNet-56—ResNet-20 and WRN-40-2—WRN-40-1), where fixed weighting often
struggles to balance CE and KL objectives. By contrast, our method dynamically adapts the task
contributions at each iteration, leading to more effective knowledge transfer. These results verify
that the proposed dynamic weighting not only generalizes well to diverse distillation paradigms
but also provides consistent benefits regardless of the teacher—student gap, thereby highlighting its
practical value for real-world deployment.

To further verify the robustness of our method, we additionally conduct experiments on the Tiny-
ImageNet dataset, which is more challenging due to its larger scale and higher variability. We eval-
uate several teacher—student pairs using the same experimental setup. As shown in ??, our approach
again achieves consistent improvements over standard KD across all pairs. These results confirm
that our dynamic weighting strategy is not limited to CIFAR benchmarks but also generalizes well
to larger and more complex datasets.

3.2 KNOWLEDGE DISTILLATION METHODS ARE SENSITIVE TO LOSS WEIGHTS

Knowledge distillation optimizes the model for minimizing the weighted average losses of the pri-
mary task and distillation. Here, we conduct experiments by using the standard KD method over
various teacher-student pairs: wrn-40-2 and wrn-40-1, resnet101 and resnet50, vggl3 and vgg8.
This aims to comprehensively investigate the effect of loss weights on KD with various model sizes
and architectures. In additional to this, to ensure generality and eliminate the influence of any spe-
cific distillation method, we further experiment with RKD, KDSVD, and PKT using the vgg13—-vgg8
teacher-student pair. For all experiments, we train each model with various loss weights by varying
acg from 0.1 to 0.9 in equal increments, with agy, = 1 — acE.

The results are shown in Fig. 2] To present the results more intuitively, we adopt different visu-
alization strategies for the two figures. In the left figure, due to the large variation in distillation
performance across settings, we present the accuracy difference value (positive value means higher
accuracy) between the model with a loss weight and the one with uniform loss weight ratio (CE
vs KL : 0.5 vs 0.5). In the right figure, since different distillation methods use different initial loss
weight ratio (e.g., CE vs KL: 1 vs 30000 for PKT and 1 vs 1 for RKD and KDSVD), we use scaling
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Figure 2: Distillation performance under varying loss weight ratios. (a): Accuracy of student models
trained with the KD method across different teacher—student pairs under varying CE/KL loss weight
ratios. (b): Accuracy trends for the vggl3-to-vgg8 distillation setting using different distillation
methods. Note that the initial loss weight for the RKD and KDSVD methods is 1.0:1.0, while for
the PKT method it is 1.0:30000.0. To unify the representation of the x-axis, we use the proportion
of task importance. For example, when x is set to 0.5:0.5, it corresponds to a weight ratio of 1.0:1.0
for RKD and KDSVD, and 1.0:30000.0 for PKT; when x is set to 0.3:0.7, the corresponding weight
ratios are 0.6:1.4 and 0.6:42000.0, respectively.
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Figure 3: Loss weighting dynamics of different strategies. Our method achieves smoother and more
interpretable adjustments compared to existing baselines.

factors on the x-axis to represent how the original weights are adjusted, rather than displaying the
absolute weight values. These results show that the commonly used 0.5:0.5 loss weight ratios in dis-
tillation is often suboptimal, and alternative ratios can yield better performance. This underscores
the limitation of fixed weighting and reinforces the motivation for our approach, which automati-
cally adjusts the loss weights during training, leading us to introduce multi-task learning methods
into the distillation task.

3.3 COMPARISON WITH DYNAMIC WEIGHTING APPROACHES

To further validate the effectiveness of our method, we draw connections between knowledge dis-
tillation and multi-task learning (MTL), where the CE and KL objectives can be viewed as two
tasks to be dynamically balanced. Accordingly, we compare our approach against several repre-
sentative MTL-based weighting strategies: MGDA [39], which finds Pareto-optimal updates across
tasks, FairGrad [4], which enforces fairness in gradient contributions, and PCGrad [49]], which re-
solves gradient conflicts by projection. We also include a simple distillation-decay baseline, which
gradually reduces the KL loss weight « (initialized as 0.9) to 0 and increases the CE loss weight ~y
(initialized as 1.0 — o = 0.1) to 1.0 after the midpoint of training, while additionally introducing a
KD regularization term with coefficient [ in later epochs.
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Table 2: Comparison of student model performance between our dynamic weighting method and
existing task-specific KD dynamic weighting approaches (PGD, AICSD, SnT) on standard image
classification benchmarks. Top-1 accuracy (%) is reported.

Teacher Model  Student Model original distill-decay MGDA FairGrad PCGrad ours

resnet101 resnet50 80.21 79.97 79.43 81.47 79.12  80.51
resnet56 resnet20 70.62 71.54 71.77 70.00 71.54  71.59
wrn-40-2 wrn-40-1 73.65 74.02 74.60 73.25 7410  74.83
resnet32x4 resnet8x4 73.32 73.80 72.77 72.89 75.77 74.67
average 74.45 74.83 74.64 74.40 75.13  75.40

For fair evaluation, all methods are implemented under a unified training framework with identical
teacher—student pairs and datasets. Hyperparameters are tuned following the recommended settings
of each baseline. We report top-1 classification accuracy as the primary evaluation metric. Re-
sults are summarized in Table |2} where our method consistently achieves competitive or superior
performance compared to existing dynamic weighting strategies, highlighting its robustness and
effectiveness in reconciling supervised and distillation objectives. As shown in Figure ??, Distill
Decay relies on a fixed schedule with abrupt shifts, MGDA almost ignores the KL term, and Fair-
Grad suffers from unstable oscillations. In contrast, our method adaptively reduces the KL weight in
a smooth manner while keeping CE dominant, leading to stable and interpretable training dynamics.

3.4 ABLATION STUDIES
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Figure 4: Ablation Study on prefering towards primary tasks or distillation tasks. We consider two
teacher-student model pairs: (a) resnet101 (teacher) and resnet50 (student), and (b) vggl3 (teacher)
and vgg8 (student). It can be seen that, under otherwise identical conditions, setting the primary task
as the preference generally yields better results than setting the distillation task as the preference.

Task preference term in task optimization. In Section we introduce a task preference term
that steers the optimization toward gradients more aligned with the primary task. In this section,
we explore the effect of this preference by adjusting it to favor either the primary or the distillation
task, while keeping all other settings unchanged. We conduct comparative experiments using the
KD method across different teacher—student model pairs, as shown in Fig. 4l The results show that
preference toward the distillation task does not outperform prefering toward the primary task. This
is because the distillation objective is intended to indirectly enhance performance of primary tasks
by encouraging the student to mimic the teacher’s intermediate outputs and improve generalization.
However, the teacher is not always reliable and may produce misleading signals that conflict with
the gradient direction of the primary task. As a result, prioritizing the distillation task through the
task preference term can harm the student’s classification accuracy and lead to unstable training.
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4 RELATED WORKS

4.1 KNOWLEDGE DISTILLATION

Knowledge distillation [15} [17, 27, [14] transfers knowledge from a large teacher model to a com-
pact student model via softened output distributions, using temperature scaling in softmax to pre-
serve nuanced class relationships. This compression technique enables efficient deployment while
maintaining accuracy by mimicking the teacher’s decision boundaries and feature representations.

Knowledge distillation methods are categorized into logit-, feature-, and relation-based approaches.
Logit-based methods started with compressing ensembles via “soft targets” [[15]], later including
teacher-free online methods [8] and multi-step assistants [32]], with recent work aligning predictions
at various levels [18}|53]]. Feature-based methods transfer internal representations, from layer-wise
matching [48] and mutual-information maximization 2] to cross-stage review [10], lightweight pro-
jectors [9], and attention-map transfer [13]. Relation-based approaches preserve inter-sample or
inter-class relations via distance, correlation, or similarity constraints [35, [37, 141} [16]. Diffusion-
model distillation applies conditional consistency for high-fidelity generation [31].

Existing methods typically set important parameters, such as the distillation loss weight, statically
during training. However, these parameters often have a significant impact on the training process,
and fixing them can hinder the distillation from producing the optimal student model. Our method
improves upon this by dynamically adjusting the distillation loss weight during training. Experi-
ments show that this weight affects the quality of the student model, and dynamic adjustment leads
to better distillation results.

4.2 DYNAMIC WEIGHTING ON KNOWLEDGE DISTILLATION

Dynamic weighting in knowledge distillation (KD) balances cross-entropy (CE) and distillation
losses. Instead of fixed weights, recent methods adapt them to reflect varying signal impor-
tance. Instance-level strategies [50, [12]] use teacher—student discrepancy or sample difficulty, while
class- or region-based methods [46, [26] focus on salient regions or distribution similarity. Other
works [30, 211,47, 15,13}, 40, 144] apply confidence-driven reweighting, teacher influence decay, adap-
tive divergences, or influence-function-based weighting. However, most remain domain-specific and
rely on batch-local heuristics, leaving open whether the learned weights enhance CE generalization.

Multi-task learning (MTL) [7} 138} 143} [29} |6} 142} 23] 145 156} 152, |25} 134]] faces a similar challenge
of balancing multiple objectives, as joint optimization often leads to gradient conflicts and task
interference. Research in this field has followed two major directions: architectural improve-
ments [42} [1, 24], which aim to allocate shared and task-specific capacity more effectively, and
optimization strategies, which dynamically adjust task weights or gradients. Representative exam-
ples include uncertainty-based weighting [19]], gradient-norm balancing [11]], and multi-objective
optimization formulations such as MGDA [39], along with gradient modification techniques like
PCGrad [49]], NashMTL [33]], and FairGrad [4]]. These methods provide more principled and stable
optimization compared to heuristic reweighting, but they assume tasks are equally important and
aim to improve performance across all tasks, which is misaligned with the asymmetric objectives of
KD.

In summary, KD-oriented methods adapt loss weights but lack guarantees for improving CE gener-
alization, while MTL approaches offer principled optimization but fail to reflect KD’s asymmetric
task roles. Our work addresses this gap by proposing a dynamic weighting framework tailored to
KD, explicitly prioritizing CE as the primary objective while leveraging KL as auxiliary guidance.

5 CONCLUSION

We addressed the long-standing challenge of balancing CE and KL losses in knowledge distillation.
Unlike prior static or batch-local dynamic weighting methods, our framework explicitly optimizes
loss weights to promote CE generalization on unseen data, while treating KL as an auxiliary regu-
larizer. By incorporating gradient alignment and normalization, our method ensures stable updates
and avoids scale-induced bias. Experiments confirm that this principled strategy yields more con-
sistent knowledge transfer and improved student performance. In the future, we plan to extend this
generalization-oriented weighting scheme to broader multi-task and multi-modal learning settings.
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6 ETHICS STATEMENT

This work adheres to the ICLR Code of Ethics. In this study, no human subjects or animal ex-
perimentation was involved. All datasets used were sourced in compliance with relevant usage
guidelines, ensuring no violation of privacy. We have taken care to avoid any biases or discrimi-
natory outcomes in our research process. No personally identifiable information was used, and no
experiments were conducted that could raise privacy or security concerns. We are committed to
maintaining transparency and integrity throughout the research process.

7 REPRODUCIBILITY STATEMENT

We have made every effort to ensure that the results presented in this paper are reproducible. The ex-
perimental setup, including training steps, model configurations, and hardware details, is described
in detail in the paper. Additionally, the datasets used in the paper are publicly available, ensur-
ing consistent and reproducible evaluation results. We believe these measures will enable other
researchers to reproduce our work and further advance the field.

8 LLM USAGE

Large Language Models (LLMs) were used to aid in the writing and polishing of the manuscript.
Specifically, we used an LLM to assist in refining the language, improving readability, and ensuring
clarity in various sections of the paper. The model helped with tasks such as sentence rephrasing,
grammar checking, and enhancing the overall flow of the text.

It is important to note that the LLM was not involved in the ideation, research methodology, or
experimental design. All research concepts, ideas, and analyses were developed and conducted by
the authors. The contributions of the LLM were solely focused on improving the linguistic quality
of the paper, with no involvement in the scientific content or data analysis.

The authors take full responsibility for the content of the manuscript, including any text generated
or polished by the LLM. We have ensured that the LLM-generated text adheres to ethical guidelines
and does not contribute to plagiarism or scientific misconduct.

REFERENCES

[1] Ahmed Agiza, Marina Neseem, and Sherief Reda. Mtlora: Low-rank adaptation approach for
efficient multi-task learning. In Proceedings of the IEEE/CVF conference on computer vision
and pattern recognition, pp. 16196-16205, 2024.

[2] Sungsoo Ahn, Shell Xu Hu, Andreas Damianou, Neil D Lawrence, and Zhenwen Dai. Vari-
ational information distillation for knowledge transfer. In Proceedings of the IEEE/CVF con-
ference on computer vision and pattern recognition, pp. 9163-9171, 2019.

[3] Ibtihel Amara, Nazanin Sepahvand, Brett H Meyer, Warren J Gross, and James J Clark. Bd-kd:
Balancing the divergences for online knowledge distillation. arXiv preprint arXiv:2212.12965,
2022.

[4] Hao Ban and Kaiyi Ji. Fair resource allocation in multi-task learning. arXiv preprint
arXiv:2402.15638, 2024.

[5] Ejafa Bassam, Dawei Zhu, and Kaigui Bian. PIld: A choice-theoretic list-wise knowledge
distillation. arXiv preprint arXiv:2506.12542, 2025.

[6] Giannis Bekoulis, Johannes Deleu, Thomas Demeester, and Chris Develder. Adversarial train-
ing for multi-context joint entity and relation extraction. arXiv preprint arXiv:1808.06876,

2018.

[7] Rich Caruana. Multitask learning. Machine learning, 28:41-75, 1997.

10



Under review as a conference paper at ICLR 2026

[8] Defang Chen, Jian-Ping Mei, Can Wang, Yan Feng, and Chun Chen. Online knowledge dis-
tillation with diverse peers. In Proceedings of the AAAI conference on artificial intelligence,
volume 34, pp. 3430-3437, 2020.

[9] Defang Chen, Jian-Ping Mei, Hailin Zhang, Can Wang, Yan Feng, and Chun Chen. Knowledge
distillation with the reused teacher classifier. In Proceedings of the IEEE/CVF conference on
computer vision and pattern recognition, pp. 11933-11942, 2022.

[10] Pengguang Chen, Shu Liu, Hengshuang Zhao, and Jiaya Jia. Distilling knowledge via knowl-
edge review. In Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition, pp. 5008-5017, 2021.

[11] Zhao Chen, Vijay Badrinarayanan, Chen-Yu Lee, and Andrew Rabinovich. Gradnorm: Gra-
dient normalization for adaptive loss balancing in deep multitask networks. In International
conference on machine learning, pp. 794-803. PMLR, 2018.

[12] Shreyan Ganguly, Roshan Nayak, Rakshith Rao, Ujan Deb, and Prathosh AP. Adakd: Dy-
namic knowledge distillation of asr models using adaptive loss weighting. arXiv preprint
arXiv:2405.08019, 2024.

[13] Ziyao Guo, Haonan Yan, Hui Li, and Xiaodong Lin. Class attention transfer based knowledge
distillation. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 11868-11877, 2023.

[14] Byeongho Heo, Jeesoo Kim, Sangdoo Yun, Hyojin Park, Nojun Kwak, and Jin Young Choi. A
comprehensive overhaul of feature distillation. In Proceedings of the IEEE/CVF international
conference on computer vision, pp. 1921-1930, 2019.

[15] Geoffrey Hinton, Oriol Vinyals, and Jeff Dean. Distilling the knowledge in a neural network.
arXiv preprint arXiv:1503.02531, 2015.

[16] Tao Huang, Shan You, Fei Wang, Chen Qian, and Chang Xu. Knowledge distillation from a
stronger teacher. Advances in Neural Information Processing Systems, 35:33716-33727, 2022.

[17] Tao Huang, Yuan Zhang, Mingkai Zheng, Shan You, Fei Wang, Chen Qian, and Chang Xu.
Knowledge diffusion for distillation. Advances in Neural Information Processing Systems, 36:
65299-65316, 2023.

[18] Ying Jin, Jiaqi Wang, and Dahua Lin. Multi-level logit distillation. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 24276-24285, 2023.

[19] Alex Kendall, Yarin Gal, and Roberto Cipolla. Multi-task learning using uncertainty to weigh
losses for scene geometry and semantics. In Proceedings of the IEEE conference on computer
vision and pattern recognition, pp. 7482-7491, 2018.

[20] Alex Krizhevsky, Geoffrey Hinton, et al. Learning multiple layers of features from tiny images.
2009.

[21] Thanh-Dung Le, Vu Nguyen Ha, Ti Ti Nguyen, Geoffrey Eappen, Prabhu Thiruvasagam,
Hong-fu Chou, Duc-Dung Tran, Luis M Garces-Socarras, Jorge L Gonzalez-Rios, Juan Carlos
Merlano-Duncan, et al. Semantic knowledge distillation for onboard satellite earth observa-
tion image classification. In 2025 IEEE International Conference on Machine Learning for
Communication and Networking (ICMLCN), pp. 1-6. IEEE, 2025.

[22] Seung Hyun Lee, Dae Ha Kim, and Byung Cheol Song. Self-supervised knowledge distillation
using singular value decomposition. In Proceedings of the European conference on computer
vision (ECCV), pp. 335-350, 2018.

[23] Wei-Hong Li, Xialei Liu, and Hakan Bilen. Learning multiple dense prediction tasks from
partially annotated data. In Proceedings of the IEEE/CVF Conference on Computer Vision and
FPattern Recognition, pp. 18879-18889, 2022.

[24] Wei-Hong Li, Steven McDonagh, Ales Leonardis, and Hakan Bilen. Multi-task learning with
3d-aware regularization. In International Conference on Learning Representations, 2023.

11



Under review as a conference paper at ICLR 2026

[25] Weiqi Li, Fan Lyu, Fanhua Shang, Liang Wan, and Wei Feng. Long-tailed learning as multi-
objective optimization. In Proceedings of the AAAI Conference on Artificial Intelligence, vol-
ume 38, pp. 3190-3198, 2024.

[26] Zhengda Li. Context-aware knowledge distillation with adaptive weighting for image classifi-
cation. arXiv preprint arXiv:2509.05319, 2025.

[27] Sihao Lin, Hongwei Xie, Bing Wang, Kaicheng Yu, Xiaojun Chang, Xiaodan Liang, and
Gang Wang. Knowledge distillation via the target-aware transformer. In Proceedings of the
IEEE/CVF conference on computer vision and pattern recognition, pp. 10915-10924, 2022.

[28] Bo Liu, Xingchao Liu, Xiaojie Jin, Peter Stone, and Qiang Liu. Conflict-averse gradient de-
scent for multi-task learning. Advances in Neural Information Processing Systems, 34:18878—
18890, 2021.

[29] Shikun Liu, Edward Johns, and Andrew J Davison. End-to-end multi-task learning with atten-
tion. In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition,
pp. 1871-1880, 2019.

[30] Amir M Mansourian, Rozhan Ahamdi, and Shohreh Kasaei. Aicsd: adaptive inter-class sim-
ilarity distillation for semantic segmentation. Multimedia Tools and Applications, pp. 1-20,
2025.

[31] Kangfu Mei, Mauricio Delbracio, Hossein Talebi, Zhengzhong Tu, Vishal M Patel, and Pey-
man Milanfar. Codi: conditional diffusion distillation for higher-fidelity and faster image
generation. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 9048-9058, 2024.

[32] Seyed Iman Mirzadeh, Mehrdad Farajtabar, Ang Li, Nir Levine, Akihiro Matsukawa, and
Hassan Ghasemzadeh. Improved knowledge distillation via teacher assistant. In Proceedings
of the AAAI conference on artificial intelligence, volume 34, pp. 5191-5198, 2020.

[33] Aviv Navon, Aviv Shamsian, Idan Achituve, Haggai Maron, Kenji Kawaguchi, Gal Chechik,
and Ethan Fetaya. Multi-task learning as a bargaining game. arXiv preprint arXiv:2202.01017,
2022.

[34] Marina Neseem, Ahmed Agiza, and Sherief Reda. Adamtl: Adaptive input-dependent infer-
ence for efficient multi-task learning. In Proceedings of the IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition, pp. 4730-4739, 2023.

[35] Wonpyo Park, Dongju Kim, Yan Lu, and Minsu Cho. Relational knowledge distillation. In
Proceedings of the IEEE/CVF conference on computer vision and pattern recognition, pp.
3967-3976, 2019.

[36] Nikolaos Passalis and Anastasios Tefas. Learning deep representations with probabilistic
knowledge transfer. In Proceedings of the European Conference on Computer Vision (ECCV),
pp. 268-284, 2018.

[37] Baoyun Peng, Xiao Jin, Jiaheng Liu, Dongsheng Li, Yichao Wu, Yu Liu, Shunfeng Zhou, and
Zhaoning Zhang. Correlation congruence for knowledge distillation. In Proceedings of the
IEEE/CVF international conference on computer vision, pp. 5007-5016, 2019.

[38] Sebastian Ruder. An overview of multi-task learning in deep neural networks. arXiv preprint
arXiv:1706.05098, 2017.

[39] Ozan Sener and Vladlen Koltun. Multi-task learning as multi-objective optimization. Advances
in neural information processing systems, 31, 2018.

[40] Zenglin Shi, Pei Liu, Tong Su, Yunpeng Wu, Kuien Liu, Yu Song, and Meng Wang. Densely
distilling cumulative knowledge for continual learning. arXiv preprint arXiv:2405.09820,
2024.

[41] Frederick Tung and Greg Mori. Similarity-preserving knowledge distillation. In Proceedings
of the IEEE/CVF international conference on computer vision, pp. 1365-1374, 2019.

12



Under review as a conference paper at ICLR 2026

[42] Simon Vandenhende, Stamatios Georgoulis, and Luc Van Gool. Mti-net: Multi-scale task
interaction networks for multi-task learning. In Computer vision—-ECCV 2020: 16th Euro-
pean conference, Glasgow, UK, August 23-28, 2020, proceedings, part IV 16, pp. 527-543.
Springer, 2020.

[43] Simon Vandenhende, Stamatios Georgoulis, Wouter Van Gansbeke, Marc Proesmans, Dengxin
Dai, and Luc Van Gool. Multi-task learning for dense prediction tasks: A survey. IEEE
transactions on pattern analysis and machine intelligence, 44(7):3614-3633, 2021.

[44] Sirong Wu, Xi Luo, Junjie Liu, and Yuhui Deng. Knowledge distillation with adapted weight.
Statistics, 59(2):470-497, 2025.

[45] Mingjing Xu, Peizhong Ju, Jia Liu, and Haibo Yang. Psmgd: Periodic stochastic multi-gradient
descent for fast multi-objective optimization. In Proceedings of the AAAI Conference on Arti-
ficial Intelligence, volume 39, pp. 21770-21778, 2025.

[46] Chenhongyi Yang, Mateusz Ochal, Amos Storkey, and Elliot J Crowley. Prediction-guided
distillation for dense object detection. In European conference on computer vision, pp. 123—
138. Springer, 2022.

[47] Yingrui Yang, Shanxiu He, and Tao Yang. On adaptive knowledge distillation with generalized
kl-divergence loss for ranking model refinement. In Proceedings of the 2024 ACM SIGIR
International Conference on Theory of Information Retrieval, pp. 81-90, 2024.

[48] Junho Yim, Donggyu Joo, Jihoon Bae, and Junmo Kim. A gift from knowledge distillation:
Fast optimization, network minimization and transfer learning. In Proceedings of the IEEE
conference on computer vision and pattern recognition, pp. 4133-4141, 2017.

[49] Tianhe Yu, Saurabh Kumar, Abhishek Gupta, Sergey Levine, Karol Hausman, and Chelsea
Finn. Gradient surgery for multi-task learning. Advances in neural information processing
systems, 33:5824-5836, 2020.

[50] Yigin Yu, Xu Min, Shiwan Zhao, Jing Mei, Fei Wang, Dongsheng Li, Kenney Ng, and
Shaochun Li. Dynamic knowledge distillation for black-box hypothesis transfer learning.
arXiv preprint arXiv:2007.12355, 2020.

[51] Sergey Zagoruyko and Nikos Komodakis. Paying more attention to attention: Improv-
ing the performance of convolutional neural networks via attention transfer. arXiv preprint
arXiv:1612.03928, 2016.

[52] Jianxiong Zhang, Bing Guo, Xuefeng Ding, Dasha Hu, Jun Tang, Ke Du, Chao Tang, and
Yuming Jiang. An adaptive multi-objective multi-task scheduling method by hierarchical deep
reinforcement learning. Applied Soft Computing, 154:111342, 2024.

[53] Rongzhi Zhang, Jiaming Shen, Tianqi Liu, Jialu Liu, Michael Bendersky, Marc Najork, and
Chao Zhang. Do not blindly imitate the teacher: Using perturbed loss for knowledge distilla-
tion. arXiv preprint arXiv:2305.05010, 2023.

[54] Borui Zhao, Quan Cui, Renjie Song, Yiyu Qiu, and Jiajun Liang. Decoupled knowledge dis-
tillation. arXiv preprint arXiv:2203.08679, 2022.

[55] Borui Zhao, Quan Cui, Renjie Song, and Jiajun Liang. Dot: A distillation-oriented trainer.
arXiv preprint arXiv:2307.08436, 2023.

[56] Zhe Zhao, Pengkun Wang, HaiBin Wen, Wei Xu, Song Lai, Qingfu Zhang, and Yang Wang.
Two fists, one heart: multi-objective optimization based strategy fusion for long-tailed learn-
ing. In Forty-first International Conference on Machine Learning, 2024.

13



	Introduction
	Methodology
	Knowledge Distillation with Dynamic Weighting
	Weight Searching for Improvements on Unseen Data
	Gradients Balance and Stabilization

	Experiments
	Results of Our Proposed Approach
	Knowledge Distillation Methods are Sensitive to Loss Weights
	Comparison with Dynamic Weighting Approaches
	Ablation Studies

	Related Works
	Knowledge Distillation
	Dynamic Weighting on Knowledge Distillation

	Conclusion
	Ethics Statement
	Reproducibility Statement
	LLM Usage

