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ABSTRACT

Multi-modal Large Language models (MLLMs) are always trained on data from
diverse and unreliable sources, which may contain misaligned or mislabeled text-
image pairs. This frequently causes robustness issues and hallucinations, leading
to performance degradation. Data valuation is an efficient way to detect and trace
these misalignments. Nevertheless, existing methods are computationally expen-
sive for MLLMs. While computationally efficient, the classical influence func-
tions are inadequate for contrastive learning models because they were originally
designed for pointwise loss. Additionally, contrastive learning involves minimiz-
ing the distance between the modalities of positive samples and maximizing the
distance between the modalities of negative samples. This requires us to evalu-
ate the influence of samples from both perspectives. To tackle these challenges,
we introduce the Extended Influence Function for Contrastive Loss (ECIF), an
influence function crafted for contrastive loss. ECIF considers both positive and
negative samples and provides a closed-form approximation of contrastive learn-
ing models, eliminating the need for retraining. Building upon ECIF, we develop
a series of algorithms for data evaluation in MLLM, misalignment detection, and
misprediction trace-back tasks. Experimental results demonstrate our ECIF ad-
vances the transparency and interpretability of MLLMs by offering a more ac-
curate assessment of data impact and model alignment compared to traditional
baseline methods.

1 INTRODUCTION

Multi-modal Large Language models (MLLMs) (Yin et al., 2023 |Koh et al., [2024) have garnered
significant attention for their ability to integrate and understand various data types, such as image,
text, and audio. Despite their growing application, existing MLLMSs often suffer from robustness
issues (Carlini & Terzis| |2021) and hallucinations, primarily stemming from misaligned text-image
pairs in the training data (Kim et al., [2023). These misalignments, manifesting as semantic mis-
matches, contextual inconsistencies, or discrepancies between abstract and concrete elements, can
severely degrade model performance. MLLMs assume consistent alignment between image-text
pairs, but when this assumption fails, it leads to incorrect interpretations, ultimately degrading model
performance. Consequently, improving dataset transparency is crucial, as model developers need the
ability to trace and identify problematic data samples. However, diagnosing issues caused by mis-
aligned data, such as mislabeled or biased samples, is difficult when working with large text-image
datasets.

Although the critical role of training data in shaping MLLM capabilities is well recognized, there
remains a lack of robust evaluation mechanisms for data quality (Nguyen et al [2022). To address
this, various data valuation methods (Jia et al., 2019; |(Ghorban1 & Zou, 2019} |Yoon et al., 2020;
Han et al.l [2020) have been introduced to enhance dataset transparency by quantifying the contri-
bution of individual data points to model performance. These approaches typically assign higher
contribution scores to training instances whose inclusion significantly boosts model performance
compared to their exclusion. Some methods, such as Shapley Value (Kwon & Zou, [2022)), require
multiple retraining processes with different subsets of data, which is computationally expensive and
impractical for large models. To overcome this limitation, influence function-based methods have
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gained popularity, as they estimate data contributions using gradient information, thereby avoiding
retraining (Choe et al., 2024).

However, applying in uence functions to MLLMs poses signi cant challenges. (i) First, the in u-
ence function was initially designed for M-estimatars (Huber, 1981), which operate with pointwise
loss. However, MLLMs rely on noise-contrastive estimation (Radford gt al.,|2021; Gutmann &
Hyvarinen, 2010; He et al., 2020) as their training objective. This objective encourages the model to
draw positive pairs closer in feature space while pushing negative pairs apart, making the in uence
function unsuitable for direct application to contrastive loss. (ii) Second, the in uence of negative
pairs in contrastive learning has gained increasing attention recently (van den Oord et al., 2019;
Yuksekgonul et al., 2023). Robinson et al. (2021) emphasized the importance of negative samples,
especially “hard” negatives - samples that are mapped close in feature space but should ideally be
far apart. However, the original de nition of the in uence function does not consider the roles of
positive and negative samples. This oversimpli ed analysis is particularly prone to underestimat-
ing the impact of certain hard negative samples on the learning process (Chen et al., 2020a). (iii)
Lastly, calculating the necessary gradients and Hessian matrices for in uence functions demands
signi cant computational and memory resources, which becomes infeasible in the large-scale, high-
dimensional context of MLLMs (Li et al., 2023a;b).

To address these challenges, we proposeEttended In uence Function for Contrastive Loss
(ECIF), a novel method designed to quantify data importance speci cally for contrastive learning.
ECIF enjoys a closed-form approximation of the original contrastive loss, thus eliminating the need
for re-training - a process that is impractical in the era of large models. It also accounts for the dual
role of data points as both positive and negative samples, providing a more comprehensive under-
standing of their impact on model training. This approach provides a more accurate measurement
of misalignment. Our contributions are summarized as follows:

* We propose ECIF, the rst dual-perspective data valuation method for MLLMs, which
quanti es the impact of data points as both positive and negative samples. This compre-
hensive approach enables a more accurate measurement of data contribution, particularly
addressing the in uence of negative samples in contrastive learning.

» Based on ECIF, we develop corresponding algorithms for different tasks, including iden-
tifying the most valuable data (related to speci c tasks), misalignment detection, and mis-
prediction trace-back.

» Comprehensive experimental results demonstrate that ECIF can effectively and ef ciently
remove the in uence of samples compared to retraining and identify in uential data in
the training set. Moreover, our methods based on ECIF are also effective in identifying
in uential data (harmful data and valuable data) for ne-tuning, mispredictions trace back,
and detecting misaligned data.

2 REeLATED WORK

Contrastive Learning. Recently, self-supervised contrastive learning (Chen et al., 2020b) has
emerged as a highly effective approach for acquiring representations without the need for labeled
data (Donahue & Simonyan, 2019). This model utilizes a contrastive loss, which pushes dissimilar
data pairs apart while pulling similar pairs closer together. Contrastive learning plays a pivotal role in
advancing MLLMs by integrating and understanding information across diverse modalities, such as
text and images (Radford et al., 2021; Jiang et al., 2024). In multi-modal contrastive learning tasks,
proper alignment of the training data ensures accurate cross-modal associations, enabling models to
learn and extract consistent feature representations (Wang & Isola, 2020). One of the key challenges
in training with noisy, large-scale image-text pairs sourced from the internet is achieving effective
alignment between these modalities. To address this, researchers have developed various methods,
such as those proposed by Gao et al. (2022) and Yao et al. (2021), which introduce ner-grained
and more extensive interactions between text and images to improve cross-modal alignment. De-
spite extensive research on contrastive learning, we are the rst to explore the interactive in uence
between pairs using in uence functions. Our work bridges this gap by applying in uence functions

in contrastive learning, allowing for a deeper understanding of both positive and negative samples.
This comprehensive approach enhances the accuracy of misalignment measurements in data pairs,
providing a more thorough assessment of data valuation.
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In uence Function. The in uence function, initially a staple in robust statistics (Cook, 2000; Cook

& Weisberg, 1980), has seen extensive adoption within deep learning since (Koh & Liang, 2017).
Its versatility spans various applications, including detecting mislabeled data, interpreting models,
addressing model bias, and facilitating machine unlearning tasks. For data removal, recent work
using in uence function including unlearning features and labels (Warnecke et al., 2023), forgetting

a subset of image data for training deep neural networks (Golatkar et al., 2020; 2021), removing the
in uence of nodes and edges in graph neural networks Wu et al. (2023), and model debiasing (Chen
et al., 2024). Besides, various studies have applied in uence functions to interpret models across
different domains, including natural language processing (Han et al., 2020) and image classi cation
(Basu et al., 2021), while also addressing biases in classi cation models (Wang et al., 2019), word
embeddings (Brunet et al., 2019), and netuned models (Chen et al., 2020a). Recent advancements,
such as the LiISSA method (Agarwal et al., 2017; Kwon et al., 2023; Grosse et al., 2023) and KNN-
based techniques (Guo et al., 2021), have been proposed to enhance the computational ef ciency
of computing the in uence function. Despite numerous studies on in uence functions, we are the
rst to extend them to contrastive learning. Moreover, compared to traditional models, contrastive
learning introduces additional complexity in in uence function analysis, as it requires considering
data points in both positive and negative roles. Our dual-perspective approach of ECIF offers a more
comprehensive view of data impact, leading to more accurate measurements of misalignment in text-
image pairs. Bridging the theoretical gap between positive and negative pairs has posed signi cant
challenges in our work, which has been addressed in our proof.

3 PRELIMINARIES

Contrastive Loss. Contrastive loss is an effective tool in multi-modal models for aligning and
learning relationships between different types of data, such as images ahd3pgti cally, given

a set of paired data consisting of teelt and imagex', we aim to construct embedding vectars
andv for text and image respectively via the encoder parameterizedias batch olN text-image
pairs, each pai(xT, Xy ) is embedded a@ly; vi). We denote the text embeddings for this batch as
U=(ug;:::;un), and similarly, the image embeddings\as (vi;:::;Vn).

The contrastive loss is designed to minimize the distance between embeddings of matching pairs
while maximizing the distance between non-matching pairs. De ne the cosine similarity function
ass(u;v) = %: , Where is a trainable temperature parameter. For brevity, we will omit

detailing in subsequent discussions. For each batch, we construct a similarity rBatvith
Sij = s(ui;V;). Then, the self-supervised contrastive loss is de ned as

X
Lgacn(U;V; ) = loge (S ) log(e (S")) 1)
i=1

X
= Lrar (ui; V5 )+ Lizr(vi;U; ); 2

i=1
whereg; is thei-th standard basis vector khi-dimensional space, is softmax function. Observing
from (1), we can separate the loss to image-to-text (12T) and text-to-image (T2l) denoted in (2) and
de ne loss function on similarity matrix dst o (S; ) (andL, 27 (S; )). We will incorporate ar_,
regularization term into the loss function, which allows us to avoid over tting. Thus, for a given set
of batchesB, the objective loss can be written as

X
Lroa(B; ) = Leach(U; V; )+ Ek k%: (3)
(U:V )28

In uence Functions. The in uence function quanti es how an estimator |gelles on the value of

each individual point in the sample. Consider a neural network arg min ,”_1 (zi; ) with

pointwise loss function and datased = fzg, . When we remove a poit,, from the training
dataset, the corresponding optimal model is denoted as. The in uence function provides an

For simplicity, we focus on two modalities (text and image) in the paper. Our method can be generalized
to multi-modalities directly.
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ef cient way to approximate’ Zm " for a strongly convex and twice differentiable By up-
weighingz,, by , we denote the substitutional parameter via the response function as

X
N O=agmin 1 @) - e ) @
i=1

Then we can obtain an estimatg for the actual change in parametiéms as:; zm () M=

Hol r “(zm:; "), whereH~= 7 r 2°(z;")+ | isthe Hessian matrix at the point 0f

For a differentiable model evaluation function ff, such as calculating the total model loss over a test
set, the change resulting from removing in the evaluation results can be approximated by

fC) O r O Do 1) HAr (@)

Scaling gradient-based methods to MLLMs is challenged by the high computational and memory
demands due to the gradients' high dimensionality. Choe et al. (2024) introduced a low-rank gradient
projection algorithm (LOGRA) to enhance the ef ciency of gradient projection. They observed that
the gradient from backpropagation is structured as a sum of Kronecker products of forward and
backward activations. LOGRA applies an additional Kronecker-product structure to the projection
matrixP , P; Pg. It rst projects the forward and backward activations onto low-dimensional
spaces using; andP,, respectively, and then reconstructs the projected gradient directly from these
reduced activations. For more details, see Appendix B.

4 |INFLUENCEFUNCTION IN CONTRASTIVE LEARNING

In this section, we will consider how to estimate the value of a given samplex') in the con-
trastive loss (3) using the in uence function method. Generally, in the original in uence function
method, a term in the loss function which only contain the fully information from the target sample
is up-weighted by . Then, a response function in (4) related tis derived. Within this analyti-

cal framework, when is set to 1, the resultant loss and model parameters are the same as those
obtained by removing the sample via retraining. However, in the context of contrastive learning,
because the information of the sample point appears in every term of the loss function for its batch,
it is not feasible to isolate the relevant information of this sample within a batch into an independent
term and then perform an up-weight operation on this sample to derive the in uence function.

Thus, we need to execute ne-grained analysis of the speci ¢ contribution of sampje' ) within
contrastive loss. Assum@’ ;x') is assigned as the-th pair in them-th batch, in which the text
and image data are embedded into matthix andV,,. Then(x™;x') serves as positive samples
for each other in tha-th pairing loss. 12 (Un; Vin; ) andL o7 (Vn;Um; ) in (2). Andx' andx’
serve as negative samples in other pairing losses.

Through simple observation about (2), it can be noted that when the data serves as a positive sample,
its in uence can be explicitly isolated. However, its information is coupled with other data when
acting as a negative sample, necessitating further analysis. We provide the derivation of the in uence
function for these two scenarios separately.

4.1 INFLUENCE ASPOSITIVE SAMPLES

To quantify the impact ok™ andx' as positive samples, ideally, we can retrain the model after re-
moving the corresponding-th pairing tasks, i.e., removingr 2 (Un;Vim; ) andL; o1 (Vn;Um; )

in the loss function. Thus, following the idea of in uence function, we can up-weight these
two parts by and obtain an up-weighted loss function as the following with(bsx'; ) =

Lr2i (Un;Vm; )+ Li2r(Va;Um; ).

X
Lrotar ( )= Leaten(U; V; )+ ék k%"' POS{(XT;XI); ):
(UV)2B

And the parameters are obtained 'by: argmin Lo (). Then the in uence function related
to parameters can be deduced as:

positive-IR(x";x'); )= H.Y r Pog(x";x");"): (5)
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P
whereH~ =1 2" )55 LeaeU; V; ™+ 1 is the Hessian matrix at The proof can be found
in Section C.1.

Extension to Multiple Samples. The in uence evaluation described above can be extended to a
subseD D . Let setS to index the batches containing data fr@m. For everym 2 S, de ne

an index sek, to specify the position of data frod within the m-th batch. We encapsulate
the assigned results as Segf (m;E,)jm 2 Sg. By employing a derivation method similar to
that used for a single data point, we can obtain the parameter-related in uence function tyr
summing the in uence as a position sample (5) for all sampld3 in

Proposition 4.1. The in uence function for datas€d serving as positive samples (positive-IF)
can be approximated by

positive-IHD ;Seg”™)= H.! r PogD ;Seg”);

where

X X
PogD ;Seg”) = L721 (Un; Vin; )+ L1zt (Vn;Um; ")
m2Sn2En

4.2 INFLUENCE ASNEGATIVE SAMPLES

In Section 4.1, we quanti ed the impact af andx' as positive samples by removing related
pairing tasks. Next, we attempt to estimate their impact as negative samples by removing them from
tasks where they serve as negative samples. To achieve this, we need to delve into the speci c form
of contrastive loss.

Take the text2image (T2l) loss for theth text embedding, as the example, we rst calculate its
similarity with all image embeddings in the batch to form a similarity ve&tar; V'), which is then
processed through a softmax layér) to yield a probability distribution. Thie-th element indicates
the probability of correctly pairing the texty with its corresponding imagel (S(uk;V))]k =

PL whereB is the batchsize. The model is encouraged to enhance the probability of

2[B1€
cojrr([ac]t pairing by minimizing the negative logarithm of this value. Ro6 k, v, serves as a
negative sample in this task and appears inShg term in the denominator. Thus, after removing
the impact of x" ; x') as a negative sample from theth batch, the loss function corresponding to
this batch should become:

X
LT neg(XT5%'); S5 ) = logpﬁ+ Pog(x";x'); ): (6)
k2[B] JZ[B]
k& n

The original in uence function method evaluates a data point's impact by adjusting its weight via
a separate term in the loss function and getting the response function (4). In Contrastive Learning,
however, the in uence of data points as negative samples is coupled with information from other
data, which can observed from (6). We will try to separate an in uence term related to the data effect
when it serves as a negative sample. Actually, the modi cation in (6) is analogous to eliminating
the n-th row and column from the original similarity matrix. Leveraging the idea of deriving the

in uence function, we aim to develop a response function that converges to the target loss by up-
weighting speci ¢ components.

Considering that similarities vectors are processed through the softmax layer, if we increase the sim-
ilarity associated witlu, andv, to a value approaching negative in nity, then after the exponential
operation and the logarithmic function, the in uenceef * ande> will become negligible.
Mathematically, leE, be anB B matrix such that its1-th column and the-th row comprises

ones, while all other entries are zero. We add the mé&tgx  E,, to the similarity matrix. Then

the loss function based on the revised similarity matrix becomes:

X Sick

L (X7ix');S: ) = 09P oy e TP @)
kk2[B] i2[B]1~ '
6n

We can easny see that asapproache$), the loss functiorLT,. in (7) converges td. T eqin
(6). When = 1, the loss function equals the original one. To further separate this in uence as
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negative samples from the original loss function, we perform a Taylor expansion atand drop
the O(( 1)2) term, therL T, becomes

! P !
) eSki X ) €Sk
2[B 1o 2[B
LTy(S: )+( 1) e P L(s) e
k2[B] k2[B]
k6 n k6 n

and the left side is an estimation for (7). The minus term indicates the in uen¢eaix') as
negative samples. By employing a similar method, one can ob{g{n for the image2text part.
Denote Neg(x";x'); as

P P !

X ) eSkj . eSik
T. ly. = i2[B] i2[B] .
Neg (x*;x"); - eSkin + eSnik !
k2[B]
k6 n

Down-weighting the in uence as a negative sample Byom 1 to O, this in uence in the loss func-
tion is then approximately eliminated. Then, the negative-in uence function related to parameters
can be deduced as:

negative-IR(x";x'); )= H.' r Neg(x";x");"):
Similar to the previous section, we can extend a single sample to a set of sanpdesl corre-
sponding positional index Seg.

Proposition 4.2. The in uence function for datas® serving as negative samples (negative-IF)
can be approximated by

negative-IRD ;Seg™)= H, r NegD ;Seg”);
with 5} p I

X X ) eSk; ) eSik
Neg(D ;Seg’\): P i2[B] + P i2[B]

esk;n no Em esn;k

m2Sk2[B]=Enm N2Em

Combining Proposition 4.1 and 4.2 together, we then de ne our in uence function method on con-
trastive learning(ECIF) as follows.

De nition 4.3 (ECIF). The extended in uence function for contrastive loss (ECIF) of the target
dataseD with its position index set Seg f(m;E,)jm 2 Sgis de ned as

ECIFD :Seg”), positive-IRD ;Seg”); negative-IRD ;Seg”)

With the assumption that the in uence of data as positive and negative samples on model training
can be linearly superimposed, we can employ ECIF to estimate the changes in model parameters
resulting from data removal. We also give an upper bound on the error between the estimated in u-
ence given by ECIF and the actual in uence obtained by model retraining in Appendix D for convex
loss. We show that under certain scenarios, the approximation error becomes tolerable theoretically.

5 APPLICATIONS OFECIF

We have proposed ECIF to evaluate the contribution of training data in contrastive learning. The
ECIF method enables us to estimate the change in the learned para’rhiétar‘saining example

pair is removed. Based on this, in this section, we will apply ECIF to two applications: misalignment
detection and misprediction trace back.

5.1 MISALIGNMENT DETECTION

MLLMs typically assume a consistent alignment between all image-text pairs, and thus, misaligned
data can lead to incorrect interpretations of these relationships, ultimately degrading model perfor-
mance. Intuitively, given a high-quality validation d&@@, if D is a misaligned set, then the loss of
DOover the original modef should be greater than it over the model after deleting these misaligned
data. And such a difference can be approximated by ECIF.
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Property 5.1. Considering a speci ¢ seD® with text and image embeddingt® and V° and a
datasetD to be removed, then we have

LBatch(UO;VO;A( D)) LBatch(UO;VO;A) r LBatch(UO;VO;A)T(A( D) A)
= r Leac(U%V®T  positive-IKD ;Seg”) + negative-IRD ;Seg”) : (8)

where (' D ) is the optimal model for the loss eliminatifg , positive-IKD ;Seg”) and
negative-IRD ;Seg”) are obtained from Proposition 4.3 f@ . We de ne term (8) as the task-
related in uence score, denoted ag[¥; D ; Seg A)

Remark5.2. Task-related in uence score estimates the actual impact of a data subset on a spe-
ci c task. The sign of this score indicates whether the evaluatedsehas a positive or nega-

tive impact on the correct execution of the test task, while the absolute value of the score repre-
sents the magnitude of this impact. Therefore, the misalignment detection problem is sum up as

argmax, p IS(D%D ;Seg A). See Appendix Algorithm 2 for details.

5.2 MISPREDICTIONTRACE BACK

From a transparency perspective, if the model makes prediction errors on certain tasks, the model
trainers should be able to trace back to the samples in the training set associated with these erroneous
predictions.

If we utilize the previous method for backtracking and choose the correct-labeled data which the
model mispredicts to serve as the dat@»tthen there is a signi cant possibility that the identi ed

data are misaligned samples unrelated to the prediction errors. This is because, in the de nition of
task-relative 1S, the term on the right side of the multiplication sign represents the change in model
parameters. Even if certain samples are not related to the task we are tracing back, they may still
have a high task-relative 1S due to their substantial impact on the model parameters. Thus, compared
to the above application, we need to constrain the change of model parameters.

To address this, consider imposing a constraioth the permissible changes in model parameters
when tracing back from mispredicted data, while accounting for the process of upweighting the
in uence of samples as positive byand as negative by. Then we transform the trace back
problem to identify which training exampilewe should re-weight to most signi cantly impact the
loss on the test sample $2f when given a small permissible change in model parameters

/\ N 2

) st L 7 ()

A 2

arg maxmaxjr Leac(UEVEDT "~ () st " (%) 2, (10)

arg maxmax LeacUSVE "+ % (X)) Leae(U% VS
X )

where A; = positive-1Hx; A) +( 1) negative-IKx; A) is the model parameter change
estimated by ECIF when the in uence of samgle (x';x') is upweighted by and .

Proposition 5.3. De ne | = [ positive-IKx); negative-Igx)]. Ifthe2 2matrix| T | isirreversible,
then equation (10) is equivalent to

. 1 .
arg rr;%xknegatlve-IF(x;'\)k2 I Leae(U%VE )T negative-IRx; ") :
X
Else,I T I is reversible, then (10) is equivalent to

arg maxkr LBatch(Uo;VO;A)kzl [ Leaer(USVEDNT 1 1T 1 P 0T 1 Laae(USVE Y
X

The proposition above reduces the original argmax trace back problem to a simpler argmax problem.
Consequently, we de ne the simpli ed argmax objective as a novel in uence madtative-IS.

This metric, by adding constraints on parameter perturbations, helps us more accurately identify
task-relevant samples. See Appendix Algorithm 4 for details.
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6 EXPERIMENT

In our experiments, we will apply our above methods to tasks, including identifying in uential data
(harmful data and valuable data) for ne-tuning through the task-related in uence score, mispredic-
tions trace-back, and detecting misaligned data.

6.1 BEXPERIMENTAL SETTINGS

Datasets. We employ three datasets for utility and ef ciency evaluation and the misprediction
trace-backFGVC-Aircraft datase(Maji et al., 2013)Food101 datasdBossard et al., 2014flow-
ers102 datasefNilsback & Zisserman, 2008). For the identifying in uential data experiments, we
includeDescribable Textures Dataset(DTD) dataggharan et al., 2014) except for the above ones.
For misalignment detection tasks, we Giar-10datasetKrizhevsky, 2009), andmagenettea
smaller subset of 10 easily classi ed classes filomgene{Deng et al., 2009).

Algorithm.  The tasks described below are direct implementations of the algorithms for the ap-
plications in the previous section. Algorithm 1 functions as the foundational algorithm, offering
methods to calculate ECIF and providing model editing based on ECIF. Algorithm 2 and 3 com-
pute task-related IS in Property 5.1 to evaluate samples, indicating both the direction and intensity
of their impact on the task. Meanwhile, Algorithm 4 is for relative-IS in Prop. 5.3, which aids in
tracing back speci ¢c samples.

Ground Truth, Baselines and Evaluation Metric. We employ retraining as the ground truth, in
which we netune the CLIP from scratch after sample removal. We employ ECIF as the baseline.
ECIF: This method is a direct implementation of Algorithm 1, utilizing positive and negative IF

to modify the model for sample removal. We utilize two main evaluation metrics to assess our
models: accuracy and runtime (RT). Accuracy evaluates the model's performance by measuring the
proportion of correctly classi ed instances out of the total instances. Runtime, measured in seconds,
assesses the time required for each method to update the model.

Implementation Details. Our experiments utilized an Nvidia V100-32G GPU d@iCPU cores

with 64 GB memory. For all experiments, we employ the CLIP model "ViT-B/16' and LoRA few-
shot learning. For utility evaluation, when testing our method on a random sample-removing task,
10%samples are randomly removed. For valuable (harmful) samples, we rddévef the valu-

able (harmful) data identi ed by ECIF. Each removal is repeated3fomes with different seeds.

See Appendix F.1 for details about other tasks.

6.2 UTILITY AND EFFICIENCY EVALUATION

We evaluate the utility and ef ciency of ECIF for data evaluation, whose results are in Table 1.
The results underscore the superior performance of ECIF compared to classical retraining. Notably,
ECIF retains computational ef ciency without sacri cing accuracy. We can easily observe that
with random data removal, ECIF achieves an accuracy nearly equivalent to retraining (84.8784.87
compared to 84.9384.93) while signi cantly reducing runtime from 14.5914.59 seconds to 7.287.28
seconds on the Food101 dataset. A similar trend was observed in the Flowers102 dataset, where
ECIF reduces runtime from 16.5916.59 seconds for retraining to 7.297.29 seconds, along with a
modest 0.370.37 point improvement in accuracy. These ndings demonstrate the ability of ECIF to
save approximately 4040-50

When valuable data identi ed by ECIF are removed, the accuracy of both the retrained model and
ECIF's edited version closely align, and both are signi cantly lower than those observed with ran-
dom removal. This suggests that ECIF is capable of not only accurately editing the model but also
effectively identifying in uential data. Similar results can also be observed in the context of harmful
data removal. See Appendix F.4 for the results on different numbers of removal samples.

6.3 IDENTIFYING INFLUENTIAL DATA FOR FINE-TUNING VIA TASK -RELATED IS

Task-related IS can identify the most valuable data.To numerically assess the precision of data
valuation algorithms, we employ the brittleness test (llyas et al., 2022), which evaluates the al-
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Table 1: Performance comparison of retraining and ECIF on different datasets.

Sample  Method FGVCAircraft Food101 Flowers102
Accuracy(%) RT (second) Accuracy(%) RT (second) Accuracy(%) RT (second)
Random Retrain 23.070.29 19.57 84.930.17 14.59 68.160.22 16.59
ECIF 22.77 0.09 7.60 84.870.24 7.28 68.530.12 7.29
Valuable Retrain 22.930.33 15.56 84.800.16 15.88 68.230.33 16.43
ECIF 22.73 0.09 5.95 84.860.05 6.27 68.260.12 6.52
Harmful Retrain 23.500.11 22.40 84.830.05 14.59 68.000.16 16.09
ECIF 23.02 0.07 6.26 84.900.01 6.22 68.300.01 6.27

gorithm's ability to accurately identify the most valuable data for a speci ¢ task. Our evaluation
process is as follows: utilizing the validation set within Algorithm 2, we compute the task-related
IS for each individual training data point. We then remove thekomluable data points, witk
ranging from5% to 30% retrain the model multiple times using different random seeds, and assess
the resultant change in overall model accuracy.

Results in Figure 1b reveal that removing valuable data identi ed by ECIF leads to a consistent de-
cline in model accuracy, fro®4:7 to 84:1. Conversely, random data removal triggers an increase in
model accuracy once the removal proportion rea€h@sThis suggests Food101 contains substan-
tial noise, and our algorithm can effectively identify data points that genuinely enhance the model's
predictive accuracy.

(a) Harmful Data Removal (b) Valuable Data Removal

Figure 1: Accuracy after removing in uential data by task-related IS on Food101 Dataset.

Task-related IS can identify harmful data. The in uence analysis from Algorithm 2 identi es data
pairs with negative task-related IS laarmfuldata for the task. To demonstrate the effectiveness of
our algorithm in identifying detrimental data to speci c tasks, we conducted experiments on several
noisy datasets, such as Food101, and used the validation dataset in Algorithm 2.

We collected the harmful data identi ed by ECIF and then retrained the model multiple times with
varying harmful data removal ratios and different random seeds. We compared its accuracy to that
of a model retrained after randomly removing an equivalent number of data points. Results in Figure
la demonstrate the effectiveness of our approach in improving model performance by eliminating
harmful data using task-related IS. Figure 1a indicates that with varying proportions of harmful
data removal, the accuracy of the retrained model consistently uctuates around its original level.
When10% of harmful data is removed, accuracy increases by approxima¥#hConversely, with
random deletions, accuracy continues to decrease. This suggests that the accuracy improvement
from removing harmful data with ECIF is not merely due to the removal action itself but rather
because the removed data genuinely had a detrimental effect on model training. Additional results
on other datasets are demonstrated in Appendix F.5.

6.4 VISUALIZATION OF MISPREDICTIONTRACE BACK

We apply Algorithm 4 to identify training data that are most relevant to speci ¢ mispredicted test
samples. In this process, we select samples in the test data on which the model made a misclassi-
cation. Using the relative 1S, we can identify the training data with the highest in uence on the



Under review as a conference paper at ICLR 2025

misprediction and visualize it. Table 2 shows the results of this misprediction trace-back process
(see Appendix F.6 for additional results). Each pair of images compares a test sample with its most
in uential training counterpart. On the left, we show examples from the test set where the model
produced incorrect predictions. On the right, the corresponding training data are shown, i.e., these
data points hold the highest relative ISs in relation to the mispredicted test samples. This compari-
son helps shed light on how speci c training samples may have contributed to the model's incorrect
outputs. According to the visualization results, it can be observed that the samples traced back to
the original task exhibit similarities in shape or texture with the original task.

Table 2: Top-10 related training data traced by mispredicted data.

6.5 DATASET CLEANING: MISALIGNMENT DATA DETECTION

We employed the relative IF to detect misaligned data pairs. Regarding the selection of the validation
dataset, we experimented with two approaches: randomly selecting samples from the gold dataset
(Algorithm 2) and calculating based on the in uence of the evaluated sample points (Algorithm 3),

in which the test loss is de ned as the CLIP score (Hessel et al., 2022) of the evaluated data pair.

We rst mislabeled10%-30% training samples and then identi ed the misaligned pairs by select-
ing those with the highest negative IS. These pairs are visualized in Table 3 (see Appendix F.7 for
additional results). The visualization results reveal thaBthata points with the highest IS are en-
tirely within the mislabeled data in our training set. This suggests that our algorithm has effectively
identi ed the noise data arti cially introduced into the dataset.

Table 3: Top-10 misaligned sample pairs in the 20% mislabeled training data.
7 CONCLUSION

In this paper, we introduced the Extended In uence Function for Contrastive Loss (ECIF), a novel
method to quantify data valuation in MLLMs. ECIF provides a dual-perspective analysis of data
points by considering both positive and negative samples, offering a more comprehensive under-
standing of their impact on model performance. By utilizing a closed-form approximation, ECIF
eliminates the need for re-training, making it highly practical for large models. Our approach is
applicable to enhancing ne-tuning, tracing mispredicted data, and detecting misaligned data, with
results demonstrating its effectiveness in real-world tasks.

10
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A ALGORITHM

Algorithm 1 ECIF

1: Input: Training Dataseb = f(xT;x')g, dataseD to be evaluated, the parametérahich
is involved in IF calculation in the model and the regularization parameter

2: De ne S( ;) as the similarity score.

Compute the text embedding and image embeddin®foasu andv.

4: Random divide the training datadetinto MM batches and obtain the position indexf as
Seg, f(m;En)jm 2 Sg.

5: Compute the in uence term as positive and negative samples fanttiebatch inS by:

I

w

X eS(Un Wn) eS(Vn WUn)
PO$n = |Og P Iog b
N es(un Vi) N eS(Vn 'Ul)
n2En
X P N eS(u. Vi) P jN— eS(ui Vi)
Neg, = P p = .
i2[NJ=Em n2E,, €SIV 7 hog, €S(viun)

6: Compute the sum of the gradient of Roand Neg, as

X X
Pos= r Pos,; andNeg= r Neg,:
m2S m2S

7: Compute the batch embedding orasfB,;m 2 [M ]g.
8: Compute the inverse Hessian matrix of the loss function with respécaso
2 31

X ) N
G=4 I “Latcn(Bm; ") + S
m2[M]

9: Compute the positive-{® ; Seg and negative-I[D ; Seg as:
positive-IHD ;Seg = G Pos negative-IRD ;Seg= G Neg

10: Obtain the ECIF as
ECIHD ;D) =( positive-IF, negative-1f (11)

11: Edit model parameter to unlearn dataBetby

=" positive-IF negative-IF

12: Return: ECIHD ;D), Edited parameteT.

B ACCELERATION FORINFLUENCE FUNCTION

LOGRA. Forone layer, given the inpyt, outputx, algd the weightv, the forward and backward

computation can be written ag = Wx;, vec(DW) = -1 Xit D Xox,Dxj = WTDx,, where

T denotes for the sequence dimension in language modeﬂmge derivative with respect to the

loss, the Kronecker product, anekc() the vectorization operation. Observing gradiest(DW)
obtained during backpropagation is structured as a sum of Kronecker products between forward and
backward activations, LOGRA imposes an additional Kronecker-product structure on the projection

14
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Algorithm 2 Task-related In uence Score Based on ECIF

1: Input: Training DataseD = f(x";x')g, datasetD to be evaluated, test datadef, the

parameter§ which is involved in IF calculation in the model.
2: Compute the ECI(D ;D) = positive-IFE negative-IF by algorithm 1.
3: Compute the gradient of the batch loss function of the test data as

X
C= r Leaen(U; V")
(U;v )2D ©

4: Compute the task-related in uence score as

IS = CT positive-IF+ CT negative-IF

5: Return: Task-related In uence Scollé .

Algorithm 3 Self In uence Score Based on ECIF

1: Input: Training DataseD = f(x";x')g, datasetD to be evaluated, test datadef, the
parameteré\ which is involved in IF calculation in the model.
2: Compute the ECI(D ;D) = positive-IF, negative-IF by algorithm 1.
3: Compute the gradient of the batch loss function of the test data as
1 X u' v

C=— r log————;
iDY (T 112D 0 kuk kvk

whereu andv is the embedding fox™ andx'
4: Compute the task-related in uence score as

IS = CT positive-IF+ CT negative-IF

5: Return: Task-related In uence Scollé .

Algorithm 4 Relative In uence Score Based on ECIF

1: Input: Training Dataseb = f(x";x')g, dataseD to be evaluated, test datagst
2: Compute the ECI(D ;D) = ( positive-IF. negative-1§ by algorithm 1.
3: Compute the gradient of the batch loss function of the test data as

X
C= I Leae(U; V; ")
(U:V )2D ©

4: if positive-IF is parallel to negative-ifhen
5. Compute the relative-IS as

relative-1S= kpositive-1F LeT negative-1F

(o2}

. elsef positive-IF is not parallel to negative-gF
De ne | =[positive-IE negative-IFf.
8: Compute the relative-IS as

~

relative-IS= kCk * cT1 1T I "1TC

9: end if
10: Return: relative-IS.
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Algorithm 5 Relative In uence Score Based on ECIF

1: Input: Training Dataseb = f(x";x')g, dataseD to be evaluated, test datagt
2: Compute the ECI(D ;D) = ( positive-IF, negative-Ify by algorithm 1.
3: Compute the grad|ent of the batch loss function of the test data as

- X r log——— ut v
iDY (XT x1)2D ¢ kuk kvk’

whereu andv is the embedding foxT andx'
4: if positive-IF is parallel to negative-ithen
5:  Compute the relative-1S as

relative-1S= kpositive-1Fk LeT negative-1F

(o2}

. elsef positive-IF is not parallel to negative-gF
De ne | =[positive-IF, negative-If.
8:  Compute the relative-1S as

N

relative-IS= kCk * CTI 1T I ~“17C

9: end if
10: Return: relative-IS.

matrix P as follows:

X X
PvecODW), (P; Po)vec(DW) = (Pi  Po)(Xit DXot)= PiXit  PoDXox
t=1 t=1
where P; is the projection matrix on the input ar®, is that on the backward activations, and
P, P P,

C INFLUENCEFUNCTION IN CONTRASTIVE LEARNING

C.1 INFLUENCEFUNCTION FORPOSITIVE SAMPLES.

We rst consider the in uence function for positive samples.

Single Data Pair Version. To quantify the impact ot” andx' as positive samples, we rst de ne
Lo (Un;Vim; )+ Lioat(Vn;Um; ) as Pof(x";x'); ). Following the idea of in uence function,
we can up-weight these two parts bgnd obtain an up-weighted loss function as
X
Lrotar ( )= Leaten(U; V; )+ Ek k% + POS{(XT ;X! ) )

(Uv)2B
And the parameters are obtained’by: argmin Lot (). From this minimizing condition, we
have X

r LBatch(U;V;A)"' r POS{(X X! ); ):

(uv)2B

Per)f(orm a Taylor expand at= ", we have

X
I LeaeU;V; )+ 1 Pog(x";x'); ")+ r 2Lgaen(U; V; ")
(UV )28 (U:V )2B

N AN

0

P
Because' minimizes (U )28 LBatch(U;V;"),the rst term in the above equation equéls
H T.oly. N dA — 1 T.yly. N
positive-IH(x' ;x"'); "), q = H." r Pog(x";x');")
=0

P
whereH~ =1 2" 1,5 Leae(U; V; ) + | is the Hessian matrix at
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Extension to Multiple Samples. The in uence evaluation described above can be extended to a
subseD D . Let setS to index the batches containing data fr@m. For everym 2 S, de ne

an index sek, to specify the position of data fro@ within the m-th batch. We encapsulate
the assigned results as Segf (m;E,)jm 2 Sg. By employing a derivation method similar to
that used for a single data point, we can obtain the parameter-related in uence function tgr
summing the in uence as a position sample (5) for all sampld3 in

Proposition C.1. The in uence function for datas€ serving as positive sample (positive-1F) is
positive-IHD ;Seg™)= H.® r PogD ;Seg”)

where X X
PogD ;Seg”) = L72i (Un;Vin; )+ Lior (Va; Um; ")
m2Sn2En

Proof. Seg= f(m;En)jm 2 Sg, form 2 S, Uy, Vi, are the text and image embedding for the
m-th batch, respectively. Far 2 E,, u, andv, are embeddings for a single data paimmth
batch, which is included in the dataset to be evalutedDe ne PogD ;Seg ) as
X X
PogD ;Seg )= (Lr2i (Un;Vim: )+ Lizr(Va;Um; )
m2Sn2En

Following the idea of in uence function, we can up-weight these @and obtain an up-weighted
loss function as

X
Lrotar ()= Laci(U; Vi ) + sk kz+  PogD ;Seg ):
(U;v)2B

And the parameters are obtained'by: argmin Lo (). From this minimizing condition, we

have X
r LeaeU;V; ")+ 1 PogD ;Seg”)=0

(UV)2B

Perform a Taylor expand at= ", we have

X X
r LeacU;V; )+ 1 PogD ;Seg”) + rleacU;V;H " "0
(U:V )2B (U:V )2B
P
Because' minimizes (U )28 LBatch(U;V;"),the rst term in the above equation equéils
g A d" 1
positive-IRD ;Seg”), -~ = H.' r PogD :Seg )
=0
P
whereH~ =1 2" 150 Leac(U; V; ) + | is the Hessian matrix at O

C.2 INFLUENCEFUNCTION FORNEGATIVE SAMPLES.

Then, we come to derive the in uence function for the negative sample.

In this part, we will illustrate how we give an approximation function for the loss function in which
the in uence as a negative sample of the data we are considering is removed. With the help of Taylor
expansion, this in uence is separated into a single term in this approximation function, and we can
achieve this by removing this term from the original loss function.

After removing the impact ofx™ ;x' ) as a negative sample from theth batch, the loss function
corresponding to this batch should become:

X @Sk

I—?ZI;-neg((xT x');S; )= P Pog(x";x'); ): (12)
k2g] 12[B] e
kén &n
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Mathematically, leE, be anB B matrix such that its1-th column and thex-th row comprises
ones, while all other entries are zero. We add the mé&igx  E,, to the similarity matrix. Then
S . becomesS ., +log . The loss function based on the revised similarity matrix becomes:

@Sk

X
I-'ImZI; ((XT;XI S )= log P (2[B] eSki + gog  gSkn

k2[B]

+ Pos (x";x');

k& n ién
X b &5k Tl

= log ¥ . + Pos (x';x');
k2[B] 12181 &+ e
k6 n ién
X log P g5 xT:x")

= 0g+ - — + Pos (x';x');
k2[B] j2[B] e +( 1) €S
k6 n

We can easily see that asapproache$), the loss functiorL7,,. converges td-7, ,eqin (12).

When =1, the loss function equals the original one. To separate the change iragfqgroaching

0 from 1 process, we perform a Taylor expansion at 0 and drop thed(( 1)) term, then
LT, becomes

P !

X @Sk X i2[8] eSki
logP——<—+( 1) —Eo— + O 1P+ Pog(x"ix'); )
. esk;J esk;n
k2[B] j2[B] k2[B]
k& n k& n

And by setting = 0, the loss functio. T}, indicates that the in uence " ;x') when it serves
as the negative sample is fully removed from the training process.
P !

X esk;k X i208] eSk:j
LT = logPb———+(0 1) L+ Pog(x";x'); )
! . eSK:J eSk:n
k2[B] j2[8] k2[B]
k& n kén
P !
j2(8] €™
=LT(S: ) eSkn
k2[B]
k& n

Single Data Pair Version. From above discussion, to quantify the impactbfandx' as negative
samples, we rstde ne Neg(x";x'); as
P P !

: eSki . eSik
T. ly. = i2[B] i2[B] .
Neg (X ’X )’ - eSk:n eSn;k !

k2[B]
k6 n

Down-weighting the in uence as a negative sample bfrom 1 to O, this in uence in the loss
function is then approximately eliminated. In this process, the loss function becomes

X
Lrotar, ()= Lgaeh(U; V; )+ Ek k%"'( 1) Neg(XT;XI); )

(Uv)28B
And the parameters are obtained by= arg min Lot (). From this minimizing condition, we
have

X N N
rLeact(UsV; ")+ (1) 1 Neg(x";x');")=0
(U;v)2B

Perform a Taylor expand at= " we have

X
I Leae;V;)+( 1) r Neg(x";x'); )+ r2lgaeU; Vs "
(Uv)2B (Uv)2B
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P
Because' minimizes (U )28 Lgatch(U; V; '\), the rstterm in the above equation equélsThen
%= (1 HLtr Neg(xTix') )

P
whereH = r 2 (v )28 LBaen(U; V; "+ 1 isthe Hessian matrix 4t

= H.'r Neg(x";x'); "
=0

d/\
negative-1IR(x";x'); ") , e

Extension to Multiple Samples. Then, we extend the above in uence evaluation to a subset

D. Let setS to index the batches containing data fr@m. For everym 2 S, de ne an index set
Em to specify the position of data frol within the m-th batch. We encapsulate the assigned
results as Seg f(m;En)jm 2 Sg. By employing a derivation method similar to that used for a
single data point, we can obtain the parameter-related in uence functidn for

Proposition C.2. The in uence function for datas& serving as negative sample (negative-1F) is
P P !

X ; e5ki ) eSik
. - i2[B] i2[B]
NegD ;Seg )= p - p —
m2S k2[B]=E n2En € n2Em €

And
negative-1IKD ;Seg’\)z H.' r NegD ;Seg’\):

Proof. Seg= f(m;En)jm 2 Sg, form 2 S, Uy, Vi, are the text and image embedding for the
m-th batch, respectively. Far 2 E,, u, andv, are embeddings for a single data paimmth
batch, which is included in the dataset to be evaluéted

Step 1 Noting the data il may come from different batches and multiple data from one batch,
then we rstly derive the loss function approximation with separated negative sample in uence
removed.

For them-th batch,m 2 S, after removing the impact of the data indexedHy as a negative
sample, the loss function corresponding to this batch should become:

X eSk:k
Loy e (XT5x1)iS )= P+ POS(xT X)) (13)
e 2!

Then, forn 2 E,, letE,, be anB B matrix such that ite-th column and tha-th row comprises
ones, while all other entries are zero. We add the médgx  Ej, to the similarity matrix. Then,
the loss function based on the revised similarity matrix becomes:

esk;k

P + Pog(x";x'); ):
jz[B]eSk:j +( 1) n2E, eSkn i( ) )

X
T (xTix');S; ) = log P
k2[B]
k2En

We can easily see that asapproache$), the loss functiorL7,. converges td-7,; .,eq in (12).
When =1, the loss function equals the original one. To separate the change iraggroaching

0 from 1 process, we perform a Taylor expansion at 0 and drop theD(( 1)2) term, then
LT, becomes

P N
X esk;k X i2[B] esk;J
ogPS"+( 1) RIZEIT Lo 1)+ Pog(xTix' ) )
k2[B] j2[B] ! k2[B] n2Em "
k2Em k2Em

19



Under review as a conference paper at ICLR 2025

And by setting = 0, the loss functioi. ., indicates that the in uence ¢i" ; x' ) when it serves
as the negative sample is fully removed from the training process.

P !
X X ]e ki
Lo = IogPi +(0 1) pIZBIZ 4 pPog(xT;x'); )
’ eSki €Skn
k2[B] 2[B] k2[B] N2Em
k2E P | k2Em
X . eSki
2[B
=LTa(S; ) %
k2[B] n2Em
K2Em
By down-weighting the in uence oD as negative samples bythe total loss function becomes
I
X 2 X X i j281€%
Lrotar ()= Leaten(U; V; )+ Ek K3+ ( 1) &Sk
(UV )2B m2S k2[B]=Em N2Em ~
Then denote Ng@ ;Seg ) as
I
X X P g1 €34 P —_—y '
Nqu ;Seg ): ) j2[B] + P j2[B]

esk;ﬂ esn;k
m2Sk2[B]=Epm n2Em n2Em

And the loss function with the negative-sample in uencéofexplicitly removed is

X
L rotato( ) = Leaen(U; V; )+ Ek k% NegD ;Seg )

(U:V )2B

Step 2 The parameters are obtained'byz argmin Lot (). From this minimizing condition,
we have X

I LeaeU;V;")+( 1) r NegD ;Seg”) =0
(U;V)2B

Perform a Taylor expand at= " we have

N AN

X
r LeaeU;V;)+( 1) r NegD ;Seg”)+ r 2Lgaen(U; V; ) 0

(U;V)2B (UV)2B
... P . .
Because' minimizes (U )28 L gatch(U; V; '\), the rstterm in the above equation equéls
N

negative-IED ;Seg”) , ?T = H,'r NegD ;Seg”)
=0

P
whereH~= 12" 156 Leae(U; V; ™+ 1 isthe Hessian matrix at O

D APPROXIMATION ERRORBOUND

In the previous discussion, we have established that when applying the in uence function method
to contrastive learning, it is impractical to design a sample-speci ¢ up-weighting scheme that ap-
proximates the corresponding loss function resulting from the removal of a single pair in the batch
without affecting the remaining data. Therefore, based on the previous derivation, we provide an
estimation functior.  for this loss function. Consider the dataBet, de ne

LYD ;Seg ), PogD ;Seg )+ NegD ;Seg );
Then the loss function with the in uence & removed becomes
L (B;D ;Seg )= Ltow (B; ) LD ;Seg ): (14)

Equation (14) is based on the assumption that the in uence of data acting as positive and negative
samples on model parameters can be linearly superimposed, and we can leverage ECIF to edit the
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model based on the following corollary. This approach enables us to achieve the unlearning or
updating of speci ¢ data without the need to remove data and retrain the model.

Assume” = argmin Lt is the original model parameter, aﬁdD ) is the minimizer ofL
which is obtained from retraining. Denotg (D ) as the updated model with the in uence of

D removed and is obtained by the ECIF method, which is an estimatioi{ r ). Because we
concentrate oD , we omit the Seg in the above de nitions for short.

In this part, we will study the error between the estimated in uence given by the ECIF method and
retraining. We use the parameter changes as the evaluation metric:

AN AN

"(D ) = (D )

A

it (D )

Before our main theorem of the upper bound for equation (15), we need to prove corollaries and
make some assumptions.

(D) (15)

Proposition D.1. Assume that in uence as positive sample and as negative sample can be linearly
superposed. Then when the in uence of datésefis positive sample is up-weighted bgnd that
as negative sample is up-weighted hyhen the loss function become

L (D:Seg ;: ), Lrow (B; )+ r PogD ;Seg™)+( 1) NedD ;Seg”)
And corresponding parameters are de ned as

" (D )=argmin L (D ;Seg ;; )

The approximation of. (D ) is derived as
p

p_ !

r PogD ;Seg”)+ 72 r NegD ;Seg”)  (16)

NI

AN

. (D) ,(D)=" H.*

o]

Property D.2. Assume that in uence as positive sample and as negative sample can be linearly
superposed. Then when the in uence of dat@seas positive sample is up-weighted bgnd that
as negative sample is up-weighted hyhen the loss function become

L (D;Seg ;; ), Lrow (B; )+ r PogD ;Seg”)+( 1) NegD ;Seg”")
And corresponding parameters are de ned as

" (D )=argminL (D ;Seg ;; )

The approximation of. (D ) is derived as

" (D) (D)

AN

N .U PodD ;Segh+( 1) ¢ NegD iSeg) )

Proof. Assume that in uence as positive sample and as negative sample can be linearly superposed.
Then when the in uence of datasbt as positive sample is up-weighted bgnd that as negative
sample is up-weighted by, then the loss function become

L (D;Seg ;; ), Lrow (B; )+ PogD ;Seg”)+( 1) NegD ;Seg”)
And corresponding parameters are de ned as
" (D )=argmin L (D ;Seg ;; )
Then, from the minimizing condition,

r Lrow (B;"; )+ r PogD ;Seg” )+( 1) r NegD ;Seg”, )=0;

21



Under review as a conference paper at ICLR 2025

where”. (D ) is written as”. for short. Perform a Taylor expansion aroung ", then we
have

I Lrow (B;)+ r PogD ;Seg™)+( 1) r NegD ;Seg”)

N N

+r 2|-Total (B;A) ; =0:

Becaus€' minimizesL 1 oal (B; ), the rstterm in above equation equdlsThen we have
N N

H. ! r PogD ;Seg™)+( 1) r NegD ;Seg”)

AN

= H.' r PogD :Seg”™ ( 1) H.' r NegD ;Seg”)
="+ positive-IHD ; Seg A)+( 1) negative-IgD ;SegA)
P
whereH~= 12" | 6 LeaeU;V; )+ | . When = 1, =0," 1, estimates the parame-
ters obtained by retraining after removed.
O

Assumption D.3. The lossL gaer(U; V; ) is convex and twice-differentiable in, with positive
regularization > 0. There exist€y 2 R such that

kr 2Leac(U; V5 1) 1 2LeacU;V; 2)ka  Cuk 1 2k
forall(U;V) 2B and ;; 22
Assumption D.4. The functionLY((xT;x'); ):
LY(xT;x'); )= Pog(xT;x'); )+ Neg(xT:x'); )
is convex and twice-differentiable in, with some positive regularization. There exi€§ 2 R
such that
kr 2L((xT5x') 1) 1 PL(XTix') ke Cik1 2ke
forall(x";x')2D and 1; ,2
Corollary D.5.
kr °L (D ;Seg 1) r 2L (D ;Seg 2)kz (jBj Cu +jD j CRii)k1 2k
DeneC,, jBj Cy+jD j C§
De nition D.6. De ne jDj as the number of pairs
CO - LO T; | ;A :
L R

0. = smallest singular value af 2L (D ;Seg");

min = smallest singular value of °L 1ow(B; 7);

Based on above corollaries and assumptions, we derive the following theorem.

Theorem D.7. We obtain the error between the actual in uence and our predicted in uence as
follows:

(D) #(D )

cic,ib j2c82 . 2 + mint % oD |
2( r(1)1in+ )3 ( + Pnin) ( + min) -

Proof. We will use the one-step Newton approximation as an intermediate step. Degg( D )
as
ne(D ), H 'r LD ;seg”);
whereH = | +r 2L (D ;Seg”) isthe regularized empirical Hessianaut reweighed after
removing the in uence oD . Then the one-step Newton approximation ?()rD ) is de ned as
ne(D ), ne(D )+ "
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In the following, we will separate the error betwegn(D ) and”(D ) into the following two
parts:

N AN

AN

(D) (D )=

(D ){ZNt(D 2+| ne(D ) i it (D )

Ermtac( D ) Ermif(D )

Firstly, in Step 1, we will derive the bound for Newton-actual error farec{ D ). SinceL ()
is strongly convex with parametef, + and minimized by'\( D ), we can bound the distance

A( D ) wn(D ) , in terms of the norm of the gradient ag; :
2
N
(D ) ne(D ) , 0 4

min

r L (w(D ), (18)

Therefore, the problem reduces to boundkrg L ( n¢e(D ))k,. Noting thatr LO(A) =
r L .Thisis becaus€ minimizesL + L0 thatis,

rLN+r LYN=o0:

Recallthat n¢ = H * r LYD ;Seg™) = H ' r L (D ;Seg”). Given the above
conditions, we can have this bound for fgrg{( D ).

rL (n(D ),
rL "+ (D)

N N

=r L + N(D ) r L roL
Zl

= r2L "+t (D) 1 ZL ne (D) dt
° 2 (19)

h i 2
C—Hk ne (D )kgzc—H r2L (h r L ("
2 2 )

AN

Nt(D )2

AN

C 2 C N
20 7 " O g T D
C, kD k*CP?

2( r?\in+ )2 .

Now we come toStep 2 to bound Erg (D ), and we will bound the difference in parameter
change between Newton and our ECIF method.

AN AN

nte(D ) it (D )

A 1

A
= | +r 2L + I+ 2|-Total

r LYD ;Seg”)
For simpli cation, we use matriXA, B for the following substitutions:

AN

A= 1+r?L
AN

B= |+ 2Ly

And A andB are positive de nite matrices with the following properties

0 0
+ min A + max
+  min B + max
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Therefore, we have

AN N

ne(D ) it (D )
= A'+B ! r L (D;Seg"

A'+B ' r L (D;Seg"

(20)
2 + nnt O
min min
2% mnt mn o copp |

(+ ?nin) ( + min)
By combining the conclusions from Step | and Step Il in Equations 18, 19 and 20, we obtain the
error between the actual in uence and our predicted in uence as follows:

(D) (D)
P 2
Cy C%JD ]2(28 , 2 +o mnt O oD
2( min + ) ( + min) ( + min)
It is notable that such error bound is small when the number of removal sajbpleis xed as in
practice = O(jBj). O

E APPLICATIONS OFECIF

E.1 TASK-RELATED IS
Property E.1. Considering a speci ¢ seD® with text and image embeddingt® and V° and a
datasetD to be removed, then we have

LeacUGVE( D) LeaeU%VEY) 1 LeacUAVENT(( D) 1)

= r Leae(U%V®YT  positive-IRD ;Seg”) + negative-IRD ;Seg”) :  (21)

where A( D ) is the optimal model for the loss eliminatifig , positive-IRD ;Seg") and
negative-IRD ;Seg”) are obtained from Proposition 4.3 f@ .

Proof.
dLBatch(UO;VO; . =0) dLBatch(UO;VO; =0: )

IS(D%D ;Seg ,
d - d -

I LeacU%V%NT  positive-IRD ;Seg ") + negative-IRD ;Seg ")

E.2 RELATIVE INFLUENCE SCORE

Proposition E.2. De ne | = [positive-IRx; "); negative-Ifx; V)]. Ifthe2 2 matrix1T | is
irreversible, then the optimization problem

/\ AN

arg maxmax Leac{USVE "+ " (X)) Leae(U%VET st " (x) S (22)
is equivalent to

arg [('r;%xknegative—IF(x;'\)kzl r LeacU%VE™T negative-1Rx; ") :
Else,I T | isreversible, then the initial problem is equivalent to

arg maxkr LoaelU%SVE K, 1 Laa(USVEDNT 11T 1 P 1T 1 LaaaUSVEY
X

24



Under review as a conference paper at ICLR 2025

Proof. From (17), we have
LeacU%VE "+ " (X)) Leae(U% V%) (23)
rLEUEVYHT N ) (24)
rLUeVY;HT positive-I{(x";x'); )+ ( 1) negative-IR(x";x'); ") (25)
And still from (17), the constraint in parameter changes can be written as
 (X) (26)
=k positive-IR(x";x'); )+ (  1)negative-IR(x";x"); Vk (27)

AN

We can regard (25) as the inner product between vactor r L((U%V9: ") and vectorv ,
positive-1F+ ( 1) negative-IF.

If positive-IF is not parallel to negative-IF, then the constraint in equation (26) becomes that vector
v is chosen from a ball of radius Otherwise, the constraint is equivalent to a constraint on the
norm of a vector that is parallel to positive-IF or negative-IF. Therefore, we will proceed with a
classi cation discussion based on whether positive-IF and negative-IF are parallel.

Firstly, we consider thélcase. As is well known, the inner product of vectors reaches its extreme
when the two vectors are parallel. We can chooaed freely to make vectorg k u. Assume that
there exist€ 2 R s.t.

[positive-IF: negative-If 1 = ¢ rLuavo; b

Denote[positive-IF, negative-1f asl

[positive-IE negative-If 1 = ¢ rLusvY; b
positive-1F N - _ positive-1F 0 s On A
negative-IF [positive-IF. negative-1f 1 =¢ negative-IF r L((U%V9;H
1T 1 =cl’ rLU%Vv9; "
Lo=c 1T T LUV

Noting thatl T | is invertible matrix as long as positive-IF, negative-IF are not parallel. Considering
the constraints of the length of vectarthen

ke r L((U%VY; Yk

We can make vector reach its largest norm with settirigo an appropriate number:

c= ~
kr L((U%V9; Dk

Finally, we obtain the expression of vectthat maximizes expression (23)

[positive-IF. negative-I1f 1 =¢! T T LUtV
Then we have
LUV (xTix')  LuSVO: ™

= r L(U%VY; T [positive-IF negative-If 1
=c rLUOVONT 10T 1 T o Lutv9: Y
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wherel = [ positive-IF negative-IH.

1

arg rLUeVY DT 1 1T 1T r LuU®Vv9; D

max
(xTx20 kr L((U%V9); Hk

h i
wherel = positive-IR(x7; x'); "); negative-IR(xT;x'); ") .

If positive-IF, negative-IF are not parallel, the optimization problem in form (22) is equivalent to

0. CANT T 17 0. N
arg max - C(UBV0 K rLUEVY DT T T T LU vY: Y

Because is independent of data, we can drop it and write the above equation as

argmaxkr L((USVO; Ok © 1 LUBVO YT IT 1 HITeLUsV ;Y

Then, we come to the second case where positideriEgative-IF. We can de ne a

AN

. (%) (28)
=k positive-IR(x";x'); )+ (  1)negative-IR(x";x"); Yk (29)
.k (; ) positive-IR(x";x"); Mk (30)
And the constraint is imposed onby
(;

kpositive-IR(xT; x'); ")k
Therefore, equation (23) is equivalent to

max r L((U%VY; DT (; ) positive-IR(x";x");
=max (; ) rLU%VY DT positive-IR(x";x'); "

rL((U%VY; DT positive-IR(x";x'); 7

- kpositive-IR(xT; x'); )k
rL(U%VY; DT negative-IF(x";x'); ")

- knegative-1R(xT;x'); "k
Because is independent of data, we can drop it and write the above equation as
kpositive-IR(x™;x'): "Nk~ r LEU%VY; )T positive-IR(x":x'); )

= knegative-IR(x:x'); Yk~ r L((U%V9; )T negative-IR(x":x'): ") :

F ADDITIONAL EXPERIMENTAL RESULTS

F.1 DETAILS OF EXPERIMENT SETTINGS

Datasets. We employ three datasets for our utility and ef ciency evaluation tasks, as well as
for the misprediction traceback experimenfGVC-Aircraft datase(Maji et al., 2013),Food101
dataset(Bossard et al., 2014} lowers102 datasefNilsback & Zisserman, 2008). The FGVC-
Aircraft dataset comprises 10,000 images of airplanes, each annotated with the model and bounding
box of the dominant aircraft depicted. The Food-101 dataset, publicly available for food image
recognition, includes 101 food categories, with each category containing 1,000 images. The images
feature food photographs captured from various angles and under different lighting conditions. The
Flowers-102 dataset consists of 102 classes of owers native to the United Kingdom, with each

26



Under review as a conference paper at ICLR 2025

Table 4: Comparison of different removal and update strategies on CIFAR-100.

Removal Type  Method  Accuracy (%) Time (s)

Random Retrain 7350 0:35 1256 0:37
IFUpdate 7300 020 740 011
Positive Retrain 7350 0:41 802 0:15
IF Update 7292 0:31 270 0:17
Negative Retrain 7283 0:12 792 0:.01

IF Update 7300 0:20 226 0:19

class containing between 40 and 258 images. WeQifse-10 dataseiKrizhevsky, 2009) for the
misalignment detection tasks.

Implementation Details. Our experiments utilized an Nvidia V100-32G GPU and 10 CPU cores
with 64 GB memory. For all the following tasks, we employ the CLIP model 'ViT-B/16' and use
LoRA few-shot learning.

For utility evaluation, when testing our method on a random sample-removing task, 10

For the experiment adidentifying in uential data for ne-tuningwe rst calculate the task-related
IS for every individual sample and collect valuable data with positive 1S, then choose to remove
00-30

Themultiple samples removeakperiments are conducted on Food101, Flowers102, FGVC-Aircraft,
and DTD datasets, with removal ratios frdi¥ to 7%, respectively.

For themisprediction trace backask, we conduct experiments on Food101, Flowers102, FGVC-
Aircraft, and DTD datasets. We rst choose a mispredicted test sample as the target in algorithm 3,
then calculate the relative IS for each individual sample in the training dataset. Noting the relative
IS is always positive. We visualize training samples with 1§relative IS.

For the misalignment detectiosasks, Cifar-10 and imagenette (smaller version of imageNet)
datasets are used. We also applied standard data augmentation techniques on the training set,i.e.,
random cropping and random ipping. The model is optimized with Adam with weight decay

(5e 1), and is setto0:9. A dropout ratio 0f0:25is used. The training iterations are set3®

with a learning rate oPe 4 and a batch size df6. The rank of the low-rank matrices of LoRA is

set to2. We trained the model on a poisoned version of the dat2686( 30% of the data samples

are mislabeled). Then, we compute the in uence score IS of all the training samples on the mispre-
dicted test samples. At the end, we visualize the training samples that have the highest positive IS
score.

F.2 EXTENDING UTILITY AND EFFICIENCY EVALUATION TO LARGER DATASET

We useCifar-100 datase{Krizhevsky et al., 2009) for our utility and ef ciency evaluation tasks.
Results in table 4 4 highlight the performance of various removal and update strategies on CIFAR-
100. The results demonstrate the effectiveness of IF Update (in uence function) compared to tradi-
tional retraining in terms of both accuracy and computational ef ciency. Across all removal types
(Random, Positive, and Negative), IF Update consistently achieves comparable or higher accuracy
while signi cantly reducing runtime.

For Random data removal, IF Update improves accuracy from 66.62%86% (Retrain) to 73.33%
1.18% and nearly halves the runtime, decreasing from 6.87 + 0.19 seconds to 3.85 *+ 0.13 sec-
onds. Similarly, under Positive removal, IF Update achieves an accuracy boost from 68.33%
1.18% (Retrain) to 72.50% 2.04%, with runtime reduced from 3.01 + 0.05 seconds to 0.9709
seconds. Lastly, for Negative removal, while the retrained model yields a slightly higher accuracy
(73.33% 2.36%) compared to IF Update (70.83%1.18%), IF Update achieves comparable per-
formance with a runtime of 3.49 4.16 seconds, closely matching retraining (3.00.04 seconds).
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Figure 2: Harmful Data Removal on ANIMAL-10N

These results validate the utility of IF Update as a computationally ef cient alternative to retraining,
achieving near-equivalent or superior accuracy across varied removal scenarios on CIFAR-100.

F.3 EXTENDING HARMFUL DATA REMOVAL TO REAL-WORLD NOISY DATASET

We useANIMAL-10N datase{Song et al., 2019) for our harmful data removal tasks.. It's a real
world noisy dataset, containing ve pairs of "confusing” animals: (cat, lynx), (jaguar, cheetah),
(wolf, coyote), (chimpanzee, orangutan), (hamster, guinea pig), where two animals in each pair look
very similar. Overall, the proportion of incorrect labels was 6.44%.

Harmful removal task on ANIMAL-10N is presented in table 2.We observe that when a portion of
harmful data is removed, the ECIF method signi cantly outperforms random removal, particularly
when the removal proportion is small. Speci cally, when less than 40% of the data is removed, ECIF
achieves an accuracy improvement of over 10% compared to random removal. This demonstrates
the capability of ECIF to accurately identify harmful samples, thereby substantially enhancing the
model's performance.

To provide a method as the reference, we adopt CLIPScore (Hessel et al., 2021), a basic data eval-
uation method, as the baseline for MLLM. This method is model-independent and is limited to
evaluating data quality rather than assessing the contribution of the data to the model. In the task

(a) Harmful Data Removal (b) Valuable Data Removal

Figure 3: Comparison between different methods for data removal on Food101

of harmful data removal, the ECIF method demonstrates signi cantly better performance compared
to the CLIP Score. For valuable data removal, ECIF performs slightly better than the CLIP Score.
This superiority is primarily attributed to ECIF's ability to attribute data based on the relationship
between the model and the data, whereas CLIP Score is solely used to evaluate data quality without
considering the model's involvement.
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F.4 EVALUATING MULTIPLE SAMPLES

To comprehensively evaluate the data removal capabilities of ECIF in various scenarios, we con-
ducted experiments on the performance when multiple samples need to be removed. Specifically,
we consider the different ratios of samples (1-7%) for removal. As shown in Figure @ we can see
the accuracy difference between these two methods is very small (less than 1.5%) in most cases,
except the case of 2% for Food101. These results show the utility of ECIF compared to the ground
truth. Note that in Table [T} we have shown that the speed of ECIF is more than two times faster
than that of retraining. Thus, ECIF is an editing method that achieves a trade-off between speed and
effectiveness.

692 —— ECIF

N Mtaods }
| E— 69.4
: 448 —— Retrain —— Retrain
845 — \ i
840 T 446 A Seo0
z
y . S688
| 3
830 g 686
442 <
vvvvvv Y 68.4 T
825 —— Random / v . é \'7\
1

001 002 003 004 005 006 007 001 002 003 004 005 006 007 0.0 0.02 003 004 005 006 007
Ratio Ratio Ratio

Accuracy (%)
8
Accuracy (%)
1S
IS

Figure 4: Impact of Remove Ratio on Food101, DTD and Flower102 datasets.

F.5 ADDITIONAL RESULTS FOR ENHANCING FINE-TUNING VIA TASK-RELATED
INFLUENCE SCORE

We demonstrate our additional results of using task-related IS to identify harmful data on Flower102
in Figure 3]

F.6 ADDITIONAL VISUALIZATION OF MISPREDICTION TRACE BACK

We demonstrate our additional visualization results of the mispredicted data tracing in Table[5}{7]and

Figure[7H{9]

F.7 ADDITIONAL VISUALIZATION OF MISALIGNMENT DATA DETECTION

We demonstrate our additional results of the Visualization of the misalignment data detection in
Figure[6]

== ECIF
72 = Random

Accuracy

0.0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Removal Ratio

Figure 5: Harmful Data Removal on Flower102
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Table 5: Top-10 related test data tracing of mispredicted data on cifar-10 dataset with 10% noise
data.
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Table 6: Top-10 related test data tracing of mispredicted data on cifar-10 dataset with 20% noise
data.
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