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Abstract

Instruction tuning has unlocked powerful capabili-
ties in large language models (LLMs), using com-
bined datasets to develop general-purpose chat-
bots. However, real-world applications often re-
quire a specialized suite of skills (e.g., reasoning).
The challenge lies in identifying the most relevant
data from these extensive datasets to effectively
develop specific capabilities, a setting we frame
as targeted instruction tuning. We propose LESS,
an optimizer-aware and practically efficient al-
gorithm to estimate data influences and perform
Low-rank gradiEnt Similarity Search for instruc-
tion data selection. Crucially, LESS adapts exist-
ing influence formulations to work with the Adam
optimizer and variable-length instruction data.
LESS first constructs a highly reusable and trans-
ferable gradient datastore with low-dimensional
gradient features and then selects examples based
on their similarity to few-shot examples embody-
ing a specific capability. Experiments show that
training on a LESS-selected 5% of the data can of-
ten outperform training on the full dataset across
diverse downstream tasks. Furthermore, the se-
lected data is highly transferable: smaller models
can be leveraged to select useful data for larger
models and models from different families. Our
qualitative analysis shows that our method goes
beyond surface form cues to identify data that ex-
emplifies the necessary reasoning skills for the
intended downstream application. To facilitate fu-
ture work, we release code and data at princeton-
nlp/LESS.
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1. Introduction

Instruction tuning has made large language models (LLMs)
adept at following human instructions (Ouyang et al., 2022)
as versatile chatbots (OpenAl, 2022; 2023; Anthropic, 2023;
Google, 2023). Recent efforts curating highly diverse and
wide-ranging instruction tuning datasets (Taori et al., 2023;
Wang et al.; Mukherjee et al., 2023; Xu et al., 2023, inter
alia) induce remarkably strong generalization even from a
small number of examples (Zhou et al., 2023). Regardless,
it remains an open problem to understand how to best utilize
these various datasets.

Many real-world applications call for cultivating a specific
suite of capabilities in LLMs (e.g., reasoning skills). How-
ever, training LLMs with mixed instruction tuning datasets
can hinder the development of these specific capabilities.
For example, Wang et al. (2023b) demonstrates that LLMs
trained on a mix of instruction tuning datasets exhibit worse
performance than those trained on a subset of the data. Ad-
ditionally, considering the broad spectrum of user queries
and the multitude of skills required to respond to them,
there may not always be enough in-domain data available.
Therefore, we hope to be able to effectively use the general
instruction tuning data to improve specific capabilities. We
frame this setting as fargeted instruction tuning:

Given just a handful of examples embodying a specific
capability, how can we effectively select relevant fine-tuning
data from a large collection of instruction datasets?

We approach this problem by prioritizing training on data
that directly minimizes loss on a target task instead of re-
lying on surface form features (Gururangan et al., 2020;
Xie et al., 2023b). Inspired by past works estimating the
influence of individual training datapoints with gradient in-
formation (Pruthi et al., 2020; Han et al., 2023), we design
an optimizer-aware approach to select such data. How-
ever, straightforward application of this influence formula-
tion faces several challenges unique to the instruction tun-
ing setting: (1) LLMs are traditionally fine-tuned with the
Adam optimizer (Kingma & Ba, 2015) instead of the canon-
ical SGD optimizer; (2) using sequence-level gradients of
variable-length instruction data can derail the influence es-
timation; and (3) the large number of trainable parameters
in LLMs makes the computation and storage of gradient
information extremely resource-intensive.
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We address these concerns in LESS, an algorithm that per-
forms Low-rank gradiEnt Similarity Search to select rele-
vant instruction tuning data for a target application, which
exhibits the following properties:

1. Compatible with instruction tuning with Adam (§2
and §3): LESS adapts the gradient features from clas-
sical influence formulations (Pruthi et al., 2020) to
work with the Adam optimizer and variable-length in-
struction data. The optimization insights and influence
formulation may be of independent interest as well.

2. Efficient (§4.1): LESS uses LoRA (Hu et al., 2021)
and random projections (Johnson & Lindenstrauss,
1984) to construct a gradient datastore with low-
dimensional, easily manipulable gradient features that
permit efficient and effective dataset selection. The
gradient datastore can be reused for new target tasks.

3. Transferable (§5.3): Data selected using small models’
gradient features induce strong performance in large
models and models from different families, adding to
the efficiency of LESS (Table 2).

4. Interpretable (§6.2): Qualitative analysis shows that
LESS selects data with similar reasoning and skill
types as the target task, whereas existing approaches
often select data based on surface form cues (e.g., lan-
guage or topic).

We evaluate our approach on three diverse down-
stream datasets—MMLU (Hendrycks et al., 2020), Ty-
DIQA (Clark et al., 2020), and BBH (Suzgun et al.,
2023)—each containing distinct subtasks that effectively
simulate targeted instruction tuning scenarios. Results show
that LESS often selects a small subset of the data (5%) that
outperforms training on the full dataset, and the selected
subset remains universally effective across model scales and
families (Table 2). Comparisons with other data selection
methods show that LESS is the only consistently effective
approach, justifying its relatively high computational cost.

2. Preliminaries: Influence Formulation

We restate the approach in Pruthi et al. (2020) of using a
first-order approximation of training dynamics to estimate
the influence of a training datapoint on held-out data.!

Per-step influence. Consider a model ¢ at time step ¢
trained on the loss £(-; 8%). We can write the first-order
Taylor expansion of the loss on a validation datapoint 2’ as

0250 = 0(2;0") + (VI(2';6Y),6 — 6"

'We discuss in Section 7 how this formulation of influence is
distinct from influence functions (Koh & Liang, 2017).

For ease of exposition, assume that we are training the model
with SGD with batch size 1 and learning rate 7,.> If z is the
training data at time step ¢, we can write the SGD update
as @111 — @' = —1,V{(z;0"). Then, the Taylor expansion
can be written as

0(2';01) — (25 0") =~ —n, (VI(2;0%),VI(2';0Y))

Trajectory influence. The influence of z over the entire
training run can be measured by aggregating the influence
at every training step that uses z. Since z is used once
per epoch, it is natural to express this as a summation over
epochs:

N
Infsgp (2, 2') = Zﬁi<V€(z’;0i),V£(z;0i)> 1

i=1

where 7); is the learning rate used during the ith epoch out
of N total training epochs and 6; is the model after the ith
epoch of training.

Data selection with influence. While Pruthi et al. (2020)
used this insight to identify mislabeled training data, we
instead apply this formula to design a data selection strategy.
In particular, at each time step ¢, selecting z to maximize
(VU(2';0"),V{(2z;0")) will drive a larger decrease in the
loss on the validation point 2’. However, when comput-
ing Infggp across several epochs, we note that the model
checkpoints {0, } after the first epoch will depend on the
dataset selected for training. This causes the data selection
problem to become circular, and we empirically circumvent
this problem with a short warmup training run on a ran-
domly selected Dyarmup C D for N = 4 epochs (see §4.1).
Overall, this data selection strategy is especially useful in
the transfer learning setting, because it does not require any
specific relationship between 2’ and z. The next two sec-
tions describe how we adapt this basic approach to operate
efficiently and effectively with instruction tuning.

3. LESS: Estimating the Influence of
Instructions

Here, we describe how LESS adapts the influence formu-
lation in Equation (1) to select instructions that effectively
induce a target capability. We consider two main conceptual
challenges here: (1) past works described in Section 2 focus
on the SGD optimizer, but LLMs are traditionally tuned
using Adam (§3.1), and (2) instruction tuning exhibits ab-
normal gradients that cause the prior formulation to heavily
favor selecting shorter instructions, thereby hurting perfor-
mance (§3.2).

*We discuss learning rate schedules and batches in Appendix E.
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Notation. We follow the standard autoregressive setting
for instruction tuning, where a datapoint z consists of an
instruction s and a completion ¢.> For each data point,
the loss ¢(z;0) is the cross entropy between the model
distribution p(-|s) and the true label ¢. When ¢ contains
multiple tokens, we use an average of the token-wise cross-
entropies in the completion as the loss of z. We use 6° to
indicate the model at the ¢-th step, and we use 6; to indicate
the model after the ith epoch of training.

3.1. Extension to Adam

The formulation in Equation (1) is unique to optimizing
models with SGD. However, instruction tuning is usu-
ally performed using the Adam optimizer (Kingma & Ba,
2015).* In this case, the parameter update at a given step is:

0t+1 — ot = —mF(z,Ot)
mttl!

miT = (Bym! + (1 — B1) V(2 01)) /(1 — BY)
v = (Bovt + (1 — B2)VE(2;0)%) /(1 — L)

where all operations are performed elementwise, with 3y
and [, as the hyperparameters for the first and second mo-
ments, respectively, and € as a small constant. Then, the
first-order expansion for the Adam dynamics suggests we
should choose z to maximize (V{(2';0'),T(z, 6")). Note
that extending the data selection strategy to Adam exacer-
bates the aforementioned circularity of the procedure, be-
cause computing I'(z, 8) requires accessing the m and v
terms, which are determined by prior training gradients. As
before, we obtain these from the warmup training (§4.1).3

I'(z,0") &

3.2. Addressing Abnormalities in Sequence-Level
Gradients

A faithful application of Section 2 to the instruction tuning
setting would consider that the gradient of an example z is
the average of the gradients of each token in the completion.
In particular, we would choose which tokens to train on
within each sequence in order to best reduce the validation
loss, and notably, optimizing the inner product at a fine-
grained level may lead to better results. However, estimating
individual token influences is extremely expensive because
it requires computing the gradient of a vector of token losses
with respect to the model parameters, so we instead perform
data selection at the sequence level.

3Some datasets contain multi-turn instructions, but we denote
them as single turn instructions for ease of exposition.

* Appendix D.1 demonstrates instruction tuning with SGD sig-
nificantly hurts performance.

>We ablate against using sign(V£(-; 8;)) as an approximation
for I'(z, 0;), as suggested in past theoretical works (Malladi et al.,
2022; 2023). See Appendix D.2.

Because the example gradient is the average of many token
gradients, the gradient norm of the sequence || V/{(z; 6")||
is negatively correlated with the length of the completion
(Figures 3 and 4). This is a well-known issue for influence
formulations that compute averaged token gradients for se-
quences of varying lengths. We discuss this observation
further in Appendix H but defer an in-depth study to future
work. This phenomenon causes the influence in Equation (1)
to heavily upweight shorter training sequences, which in
turn leads to markedly worse performance (see Table 13).
To mitigate this problem, we normalize the gradient features
in LESS and use the cosine similarity instead of the dot
product to estimate influences.

Definition 3.1 (Adam Influence). Suppose the model is
trained for NV epochs, where 7; is the average learning rate
in the ith epoch and 6; is the model checkpoint after the ith
epoch. We define the influence of a training datapoint z on
a validation datapoint 2z’ when training with Adam as

N
Infagam(z, 2") £ Z 7; cos(VLU(2';0,),T(z,6;))
i=1

where cos computes the cosine similarity of the two vectors.

4. LESS: Estimating Influences Efficiently

We have established how to estimate the influence using
model gradients, but given the sheer size of LLMs, com-
puting and storing model gradients is still prohibitively ex-
pensive. In this section, we describe the design choices
that make LESS computationally efficient, and illustrate the
computing steps in Figure 1.

We use LoRA (Hu et al., 2021) to efficiently perform the
warmup training. Then, we construct a gradient datastore
of projected low-dimensional gradient features (Johnson &
Lindenstrauss, 1984; Park et al., 2023) that can be reused
for different target tasks. Finally, we detail how our data
selection algorithm uses the datastore to construct a training
dataset that accommodates substructures (e.g., individual
reasoning skills) in the target validation set.

Setting. Our goal is to select a subset Dy, of a large, di-
verse instruction tuning dataset D such that training a model
on Dy.in achieves lower loss on a target validation dataset
Dya, and therefore performs well on the test data. Dy,
can contain several subtasks D‘(,:])7 e DS;L) (e.g., question
answering for multiple languages).® The validation set is
fixed and only contain a few examples per subtask (e.g., 1
example per language in TYDIQA). We use a held-out test
set Dy to evaluate the performance of the model trained

SThis is case for datasets we study in this paper, but our method
also applies to datasets with no explicit substructures (i.e., m = 1).
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Step 1: Warmup LoRA Training Step 2: Compute Gradient Features

Adam LoRA Gradient

Datasets LoRA Model for

Selection Gradients Datastore
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Gradients Projection
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Step 3: Select Data Step 4: Training
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Validation ) 1o Features SEIERTIR Selected eV
Examples Gradient Compute Data o
Features InfAdam Training
—
Dual V(D) € R™¢ Dérain Dlcain Mz

Figure 1: Illustration of LESS. In step 1, we train a selection model M g with LoRA for a warmup period with a small subset
of data Dyarmup C D. In step 2, we compute the Adam LoRA gradient features I' € RIPIXP for each candidate datapoint
and save them in a gradient datastore. In step 3, for any task with few-shot examples Dy, (comprising of m subtasks), we
compute the gradient features for each validation subtask and select the subset Dy, with the top 5% training examples
ranked by Infag,m. Step 4 is the final training stage with the selected data on a target model M, which can be trained with
either LoRA or full finetuning. Steps 1 and 2 are offline and only need to be computed once per candidate training set D.

on Dy,in. We use Mg to denote the model parametrized by
0 used for scoring and selecting data, and we use M to
denote the model trained on the selected data. The selection
model Mg need not be the same as the target model M
In this case, we refer to the setting as LESS-T.

4.1. Efficient Gradient Feature Computation

Computing Definition 3.1 requires taking the inner prod-
uct of two vectors with a size of trainable parameters in
the model. Directly using such high-dimensional gradient
vectors as features for dataset selection is very computa-
tionally expensive, so we apply two techniques to construct
meaningful low-dimensional gradient features: parameter
efficient fine-tuning via LoRA (Hu et al., 2021) and random
projections (Johnson & Lindenstrauss, 1984; Park et al.,
2023). We apply these techniques to V£(2’; 0) for valida-
tion datapoints z’ and to I'(z, ) for training datapoints z.
To enable rapid transfer to new target validation tasks, we
create a datastore with these low-dimensional features for
candidate training datapoints.

Step 1: Warmup training with LoRA. We use
LoRA (Hu et al., 2021) to reduce the number of trainable pa-
rameters and accelerate the inner products in Definition 3.1.
LoRA freezes the pre-trained weights and adds a low-rank
adaptor to linear layers throughout the network. We use
LoRA to instruction tune a pre-trained base model (e.g.,
LLAMA-2-7B) on a random subset Dyarmup C D for N
epochs (we only use 5% of the training data in practice, see
§5.1), checkpointing the model after each epoch to store
{6;}Y,. The gradient when training with LoRA, denoted
V{(;0) € R”, is much lower dimensional than the model
itself; for example, in LLAMA-2-7B, @K(-; 0) is less than
2% the size of §. We use V/(-; ) to compute the Adam
update and denote it as f‘(, 6). This initial warmup training
is motivated conceptually in §3.1, and empirical results in
§6.1 demonstrate that omitting it yields suboptimal results.

Step 2: Projecting the gradients. To further reduce the
feature dimensionality, we apply a random projection to the
LoRA gradients. The Johnson-Lindenstrauss Lemma (John-
son & Lindenstrauss, 1984) asserts that such projections
often preserve the inner products in Definition 3.1, thereby
ensuring these low-dimensional gradient features are still
useful for dataset selection. For a given validation data-
point z’ and model checkpoint 6;, we can compute a d-
dimensional projection of the LoORA gradient V/(z’; ;) =
1T V(2';6;), with each entry of I € RP*4 drawn from
a Rademacher distribution (i.e., ITj; ~ U({—1,1})). For

training datapoints z, we compute I'(z, -) = HTI‘( ).

We use the memory-efficient online implementation of ran-
dom projections from Park et al. (2023) to compute and
apply IL. In practice, we choose d = 8192.

4.2. Data Selection Algorithm

The data selection strategy (see step 3 in Figure 1) adapts
the approach in Section 2 to efficiently operate on subtasks
of the validation set (e.g., individual tasks within BBH). For
each subtask D)

val » WE compute its average gradient feature

for every model checkpoint 64, ..., Oy:
S ().
VDY) 0;) = m <]>| > Vi 6;)
val z/ep\gl)

As in Definition 3.1, we then aggregate the scores of how
close the given datapoint is to each validation subtask
throughout training. For example, we can adapt Defini-
tion 3.1 to write

Infagam (2, D(j)) =

val

ZN: 5, (VUDL)56). T(2,60)
= ||W<D§§R,0>|\||r<z7ez-)u

(@)
We select training datapoints that can improve performance
on any one of the validation subtasks. Following the logic
in §2, we compute the score for z as the maximum across

all subtasks: max; Infagam (2, DU )) We select the highest

val
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scoring examples to construct Duain.! After selection, we
use the selected subset Dy, to train the target model M.

5. Experiments

We introduce the experimental setup (§5.1) and relevant
baselines (§5.2), and then we present the main results (§5.3).

5.1. Experimental Setup

Training datasets. We follow (Wang et al., 2023b) and
use the following instruction tuning datasets: (1) datasets
created from existing ones such as FLAN V2 (Longpre
et al., 2023) and COT (Wei et al., 2022c¢); (2) open-ended
generation datasets with human-written answers includ-
ing DOLLY (Conover et al., 2023) and OPEN ASSISTANT
1 (Kopf et al., 2023). The datasets, comprising approxi-
mately 270K data points, vary widely in their format and
underlying reasoning tasks, and do not contain any obvi-
ous in-domain data for the target queries. Appendix A.l
contains more dataset details.

Table 1: Statistics of evaluation datasets. The selection of
evaluation tasks cover different kinds of answer types.

Dataset #Shot #Tasks |Dyall |Dtiest| Answer Type
MMLU 5 57 285 18,721  Letter options
TYDIQA 1 9 9 1,713 Span

BBH 3 23 69 920 COT and answer

Evaluation datasets. We evaluate our method on
MMLU (Hendrycks et al., 2020), TYDIQA (Clark et al.,
2020) and BBH (Suzgun et al., 2023). MMLU consists
of multiple-choice questions spanning 57 tasks including
elementary mathematics, US history, computer science,
law, and more. TYDIQA is a multilingual question-answer
dataset containing 9 typologically diverse languages. Given
a question and a related passage, the task requires extrat-
ing the answer from the passage. BBH is a collection of
27 challenging tasks from BIG-Bench selected to evalu-
ate reasoning capabilities. Table 1 contains more details
about these tasks. Each dataset includes multiple subtasks,
and each subtask comes with few-shot examples. These
examples are used as D,, for data selection (§4.2) and as
few-shot in-context learning demonstrations in evaluation.
Appendix B contains more dataset details.

Models for data selection and training. We test
LESS with three base models: LLAMA-2-7B (Touvron
et al., 2023), LLAMA-2-13B (Touvron et al., 2023), and
MISTRAL-7B (Jiang et al., 2023). In the transfer setting
LESS-T, we select using LLAMA-2-7B as Mg and train

"We ablate against the analogous form of the algorithm using
Infsgp in Equation (1) for data selection. See Appendix D.2.

either LLAMA-2-13B or MISTRAL-7B as the target model
M. The warmup training and the final model training are
both conducted with LoRA (Hu et al., 2021). We report the
average performance and standard deviation across three
random seeds. Appendix A.2 contains more training details.

Default setting. LESS performs warmup training on a
randomly selected 5% of the complete dataset Dyarmup for
N = 4 epochs and computes 8192-dimensional gradient
features on the data D (§4.1). For each target task, we
use these features to score datapoints by their influences
(Definition 3.1) and select the highest scored 5% of D to
construct Dy,;,. We train the target model M on this
selected data Dyain-

5.2. Baselines

We compare LESS with a several baselines (see more details
in Appendix C). The simplest baseline is random selection,
where we randomly sample data from the training set for
instruction tuning. We also compare to BM25 (Robert-
son et al., 2009), which featurizes examples by their word
frequency statistics (i.e., TF-IDF) to rank the training in-
stances, and select the top k data points with the highest
scores to construct Dy,i,. Another baseline is DSIR (Xie
et al., 2023b), which uses n-gram features to weight can-
didate training data D. We resample k data points accod-
ing to the importance weights. We also compare to RDS
(Representation-based Data Selection) (Zhang et al., 2018;
Hanawa et al., 2020), which uses model’s hidden represen-
tations as features for data selection. For fair comparison,
we compute the similarity score using Equation (2) but
replace the gradient features with the final layer represen-
tations of the last token of each sequence. These features
are 2048-dimensional in LLAMA-2-7B. Another intuitive
baseline we consider is to directly use the validation data
Dy for training, but this drastically degrades performance
(Appendix D.3).

5.3. Main results

We present main results of LESS across different models
in Table 2, and comparison with baseline approaches in
Table 3. We summarize the findings below.

LESS is effective across different models. Table 2 shows
that LESS consistently outperforms random selection by 2
to 5 points across all models and evaluation datasets, demon-
strating that our data selection approach selects useful data
for fine-tuning.

5% of the data often outperforms the full dataset. In
Table 2, we compare training with 5% of the data selected
by LESS and training with the full dataset. Surprisingly,
we discover that in most cases, training with just 5% of
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Table 2: Results of LESS (selected with target model’s gradient store) and LESS-T (selected with LLAMA-2-7B’s gradient
store) on LLAMA-2-7B, LLAMA-2-13B and MISTRAL-7B. Full denote full dataset, and otherwise we select 5% of the data
with random selection (Rand.), LESS-T and LESS. Bold numbers denotes the best performing selected subset. Underlined
numbers denote that the selected subset outperforms the full dataset. Numbers in the parentheses are standard deviations.

MMLU

TYDIQA BBH

Full Rand. LESS-T LESS ‘ Full

Rand. LESS-T LESS ‘ Full

Rand. LESS-T LESS

Data percentage (100%) (5%) (5%) (5%) |(100%) (5%) (5%) (5%) |(100%)  (5%) (5%) (5%)

LLAMA-2-7B 51.6 46.5 05 - 50.2 05| 54.0 52.7 (04 - 56.2 07| 43.2 38.9 05 - 41.5 (0.6)
LLAMA-2-13B  54.5 534 0.1 54.6 03) 54.0 07| 54.3 53.013) 57.5 08 54.6 03| 50.8 47.0 1.6 49.9 05 50.6 0.6)
MISTRAL-7B 60.4 60.0 0.1 60.6 03 61.8 04| 57.7 569 02 61.7 a7 60.3 24| 53.0 54.50.1) 56.0 0.8 56.0 1.0

Table 3: Comparison of LESS with BM25, DSIR, and RDS
methods when training with top 5% of the data on LLAMA-
2-7B. A denotes the performance gain of LESS over the
strongest baseline.

Rand. BM25 DSIR RDS LESS A

MMLU 46.5 05 47.6 46.103) 45.0 1.0) 50.2 0.5) 12.6
TYDIQA 52.7 04 52.7 44.51.7) 46.8 1.3) 56.2 0.7) 13.5
BBH 38905 39.8 36.8 0.1) 36.7 1.3) 41.5 06) 11.7

the data yields better results than using the entire dataset.
We hypothesize that the full dataset contains irrelevant or
detrimental data points for specific target tasks. This ef-
fect is more evident when using stronger base models (e.g.,
LLAMA-2-13B and MISTRAL-7B). 8

Data selected using a small model boosts performance
for larger and different models. Table 2 evaluates several
LESS-T settings. We use LLAMA-2-7B as the selection
model Mg and train either LLAMA-2-13B (i.e., a larger
model) and MISTRAL-7B (i.e., a different model family)
as the target model Mp. LESS-T outperforms random
selection and has a relatively small gap compared to LESS
(i.e., directly using LLAMA-2-13B or MISTRAL-7B as the
selection model Mg). The strong performance of LESS-
T indicates that LESS selects generalizably useful data, so
data selection costs can be further amortized across different
models. Conceptually, our derivation in Section 2 states
that the dataset selected using one model induces strong
performance in another one when the inner products of
the gradients of different examples are roughly equal for
Mg and M. Our experiments support that this finding is
true, thereby adding to the growing body of work that small
models can effectively select data for other models during
pre-training (Xie et al., 2023a; Engstrom et al., 2024) and
in-context learning (Wang et al., 2023a).

8We note that there may still be useful data in the discarded
95%, and we leave exploring the optimal threshold to future work.

LESS is the only consistently effective approach com-
pared to others. In Table 3, we compare LESS to several
baselines. We observe that conventional approaches relying
on word frequency statistics (e.g., BM25), n-gram features
(e.g., DSIR), or representations (e.g., RDS) show minimal
improvement over random selection, and LESS consistently
outperforms the strongest baseline. We acknowledge that
the baseline methods are less computationally expensive.
Nonetheless, our findings suggest that instruction data calls
for a refined definition of similarity between data points (i.e.,
the influence formulation in Definition 3.1). Although the
baseline approaches typically select data that is topically or
semantically similar to the query and completion, qualita-
tive analysis (§6.2) indicates that LESS is better at selecting
data that require the same kind of reasoning process (i.e.,
how the instruction is executed) as the target task Dy,.

Additional models and tasks. We also perform experi-
ments on more model families and tasks. (1) We conduct
experiments with Pythia models (Biderman et al., 2023)
across different scales: 14M, 410M, 1B, 6.9B, and 12B.
Our findings indicate that LESS consistently outperforms
random selection across different model scales. Surpris-
ingly, models as small as Pythia-14M can still effectively
select data for larger Pythia models despite not being able
to solve the task themselves. Please find more details in
Appendix D.5. (2) In experiments on GSM8K (Cobbe et al.,
2021) and Truthful QA (Lin et al., 2022), LESS significantly
outperforms random selection, and on TruthfulQA, using
just 5% of the data even outperforms using the full dataset.
Please find more details in Appendix D.6.

6. Analysis

We analyze LESS in two ways. First, we detail the computa-
tional cost of LESS and explore how different design choices
affect performance (§6.1). Second, we present a qualitative
analysis showing that LESS selects data that aligns with the
reasoning capabilities needed for the target task (§6.2).
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Table 4: Asymptotic complexity, wall-clock runtime (measured as single A100 GPU hours) and storage cost associated with
each step in LESS. Gradient computation is the most costly step, followed by the warmup LoRA training stage, but this
expense is incurred only once. The actual data selection process requires minimal computation.

Warmup LoRA Training  Gradient Features Computation Data Selection
Complexity Actual \ Complexity Actual \ Complexity Actual
Compute  O(|Dywarmup| - N) 6 Hours | O(|D| - N) 48 Hours O(|D| - |Dyal| - d) < 1Min
Storage - - O(|D|- N -d) 17.7 GB - -

Table 5: Performance of using vanilla gradients from off-
the-shelf models (e.g., LLAMA-2-7B and LLAMA-2-7B-
CHAT), and Adam gradients from LoRA models (trained
with a random set of 5%, 25% and 100% of the full dataset
for warmup) for data selection. Unk. denotes that the in-
struction tuning data is unknown.

LLAMA-2-7B LoRA Models
Base (0%) Chat (Unk.) 5% (default) 25% 100%
MMLU 46.7 47.9 50.2 513 51.6
TYDIQA 52.1 52.2 56.2 57.0 57.9
BBH 39.8 38.6 41.5 415 41.9
Avg. 46.2 46.2 49.3 499 50.5

6.1. Computational Complexity

Table 4 describes the asymptotic complexity, wall-clock run-
time, and the storage cost required for each step of LESS.
The reported wall-clock time is measured in single A100
(80GB) GPU hours. The gradient feature computation is
the most expensive step, and the cost scales linearly with
candidate dataset size |D|, number of checkpoints N, and
gradient dimension d. Storing the resulting gradient datas-
tore consumes memory that scales linearly with d. Warmup
training is also relatively expensive, and the complexity
scales with |Dwarmup\ and N. However, the expenses in-
curred during these two stages are one-time costs that can
be amortized over many target tasks.

In the following sections, we explore how our choices for
|Dyarmup|, N, and d impact the performance of LESS. In
summary, increasing Dyamup and N improves the accuracy
of the influence estimation (Definition 3.1), but doing so also
increases the cost of the warmup training step. Similarly,
increasing d improves the utility of the projected gradient
features (Johnson & Lindenstrauss, 1984), but doing so also
scales the memory and compute required for LESS.

Warmup training is crucial. The warmup training step
tunes a model on Dy,rmup, Which is usually a random 5%
of the data D. We investigate: (1) if this step is necessary,
and (2) if using more data further enhances performance.

Table 6: Number of checkpoints (V) used for select data
with LESS. Using fewer checkpoints still outperforms ran-
dom selection but is less effective.

MMLU TyYpiQA BBH Avg.

Random 46.5 05 527 04 38.9 05 46.0
N=1 48.2 04 549 04 40202 47.8
N = 4 (default) 50.2 05 56.207 41.506 49.3

For (1), we use pre-trained LLAMA-2-7B and LLAMA-
2-7B-CHAT as selection models to create a gradient data
store for selecting data.” Table 5 demonstrates that using
pre-trained models for data selection significantly hurts the
performance of LESS. This observation may stem from the
input distribution shift, or more generally, nuances in the
training dynamics (see Appendix F). We leave detailed in-
vestigations to future work. For (2), we vary the size of
Dyarmup t0 be 5% (the default), 25%, and the entire dataset
and compute Infg,m. Increasing | Dyarmup| improves perfor-
mance, confirming our hypothesis that estimating Infagam
(Definition 3.1) more accurately is helpful. Therefore, the
warmup phase is crucial, but it does not need to be too long
for LESS to yield strong performance.

More checkpoints, better performance. We investigate
if using fewer checkpoints from the warmup training stage
(i.e., summing over fewer gradient features in Definition 3.1)
affects the performance of LESS. Table 6 shows that using
only one LoRA checkpoint outperforms random selection
but underperforms using four checkpoints. We speculate
that this is because the gradient features change substantially
at the start of instruction tuning (see Appendix F).

A small projection dimension is sufficient. We study
how choosing different gradient projection dimensions d,
specifically 1024, 2048, 4096, and 8192 (default), impacts
the performance of LESS. Figure 2 shows that all choices
of d improve performance over random selection, and as d
increases, LESS yields a stronger performance at a higher

Note that we compute Infsgp instead of Infagam, since the
pre-training optimization states (i.e., I') is not available.
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Figure 2: Average performance of LESS on three datasets
when using different projected dimension (1024, 2048, 4096
and 8192). We select 5% of the data for instruction tuning.
Please refer to Appendix D.4 for task-specific results.

computational cost (see Table 4).

6.2. Qualitative Analysis

We manually compare the data selected by LESS and base-
line approaches. Table 16 shows top examples selected by
BM25, RDS, and LESS, given a single Bengali question-
answering example from the TYDIQA dataset. BM25 and
RDS simply match the few-shot data D,, and select Ben-
gali examples from different tasks (mask recovery and hate
speech detection, respectively).'” In contrast, LESS selects
an English example from an open-book question-answering
task similar to TYDIQA. This example demonstrates that
LESS selects examples with a similar underlying reasoning
type without relying heavily on surface textual or linguis-
tic cues. Such examples enable effective zero-shot transfer
to the Bengali language, despite being in a different lan-
guage (Hu et al., 2020). Furthermore, we observe that LESS
chooses more examples from the DOLLY dataset for Ty-
DIQA, likely because DOLLY contains many open-book
question-answering examples. Our findings suggest that
LESS may be used to improve interpretability of large,
general-purpose instruction tuning datasets. Appendix K
contains more analysis details.

7. Related Work

Curating high-quality instruction tuning data. Using
high-quality instruction tuning data can dramatically im-
prove base LLMs. Instruction tuning data is generally of
two types: (1) task-based datasets curated from traditional
NLP tasks (Wang et al., 2022; Sanh et al., 2022; Wei et al.,

'"The top 10 examples selected by BM25 and RDS are of Ben-
gali translation, Bengali sentiment classification, Bengali mask
prediction, etc.

2022b; Longpre et al., 2023), and (2) open-ended instruc-
tion following datasets, broadly covering a wide range of
topics (Taori et al., 2023; Conover et al., 2023; Kopf et al.,
2023; Xu et al., 2023; Mukherjee et al., 2023; Zhou et al.,
2023; Ding et al., 2023). Increasing data quality and diver-
sity instead of quantity has been shown to more effectively
induce instruction following abilities (Cao et al., 2023; Chen
et al., 2023a; Bukharin & Zhao, 2023; Du et al., 2023; Liu
et al., 2023). Moreover, (Han, 2023; Lin et al., 2023a) have
demonstrated that in-context learning alone can significantly
advance instruction following. Our work adds to this nar-
rative by selecting high-quality, relevant data from a large
pool of available datasets to induce a particular capability
in the model.

Coresets and gradient-based data selection. Data selec-
tion has been viewed as a coreset selection problem (Phillips,
2017), which aims to find a subset of training examples
that induces performance similar to training on the full
dataset (Toneva et al., 2018; Sener & Savarese, 2018; Cole-
man et al., 2019; Kaushal et al., 2019; Xia et al., 2020;
Mirzasoleiman et al., 2020; Feldman & Zhang, 2020; Kil-
lamsetty et al., 2021a;b; Paul et al., 2021; Meding et al.,
2021; Mindermann et al., 2022; Sorscher et al., 2022; Xia
et al., 2023). These works focus on in-domain coreset selec-
tion, whereas our work involves transfer learning. Several
prior works use pre-defined notions of useful data (Gururan-
gan et al., 2020; Chen et al., 2023b) or n-gram features (Xie
et al., 2023b) to select pre-training examples, but LESS
more closely resembles Mirzasoleiman et al. (2020); Wang
et al. (2020); Yu et al. (2020b); Killamsetty et al. (2021a) in
its reliance on gradient information. Our work is closest to
Han et al. (2023), which used model gradients to select pre-
training data to improve in-context learning performance.
However, our offline approach enables extremely efficient
adaptation to new downstream tasks.

Data attribution and influence functions. Our formula-
tion of influence has been used in identifying mislabeled
examples (Pruthi et al., 2020), analyzing memorization ef-
fects (Feldman & Zhang, 2020), and deriving various inter-
pretability insights (Madsen et al., 2022), but it does not per-
mit counterfactual reasoning. On the other hand, influence
functions (Hampel, 1974) can counterfactually reason about
model behaviors and training data (Koh & Liang, 2017), but
some studies have found limitations (Bae et al., 2022) in
its robustness (Basu et al., 2020) and effectiveness (Ilyas
et al., 2022). In the LLM setting, influence functions are
computationally expensive (Grosse et al., 2023), though
concurrent work in Engstrom et al. (2024) proposed using
an efficient influence function estimation (Park et al., 2023)
to select pre-training data (see Appendix G for a detailed
comparison of influence functions and our influence for-
mulation). Our findings suggest that first-order influence



LESS: Selecting Influential Data for Targeted Instruction Tuning

approximations (Pruthi et al., 2020) are effective for data
selection in transfer learning settings (Han et al., 2023).

8. Discussion and Future Work

We propose a data selection algorithm LESS based on
optimizer-aware influences (§2 and §3). LESS creates a
datastore of effective and reusable low-dimensional gradient
features to enable efficient data selection (§4). Experiments
in §5 demonstrate the effectiveness of LESS compared to rel-
evant baselines and also highlight the ability to use smaller
models to select data to train larger models (Table 2). Anal-
ysis and ablations in §6 demonstrate that our method selects
more interpretable data but can be computationally expen-
sive. We discuss the limitations in detail in Section 8.

In the future, LESS could be effectively used for test-time
adaptation, allowing the model to adapt on data selected
based on the context and demonstrations provided by the
users. Additionally, we could modify the data selection
procedure to minimize any differentiable metric (e.g., a
surrogate for toxicity and harmfulness) instead of just cross-
entropy loss. Moreover, our experiments and concurrent
findings in Engstrom et al. (2024) may prompt further in-
vestigation of the utility of gradient features as opposed to
surface-form cues in data selection. Insights into the opti-
mization characteristics and sequence-level gradient phe-
nomena (§3.2) are likely of theoretical interest.

Our observation that tuning on more data can degrade per-
formance on a particular task may also be intimately con-
nected to the catastrophic forgetting behaviors observed in
LLMs (Lin et al., 2023b).

Limitations

We discuss the limitations of our approach here.

1. Warmup training phase is required. The warmup
training phase is crucial for obtaining useful gradi-
ent features for data selection. It is evident that we
must fine-tune the base model to align with the spe-
cific data distribution we intend to select from, because
directly utilizing gradients from pre-trained models
like LLAMA-2-7B or LLAMA-2-7B-CHAT is not as
effective (Table 5). This additional step introduces
increased complexity and computational load to LESS.

2. Average gradients over completion tokens. The av-
erage gradient of all the completion tokens is used as a
surrogate to represent the entire sequence.In scenarios
involving longer sequences in training or validation
data, such as open-ended generation, this aggregation
could become more ambiguous and less effective. In
Section 3.2, we highlight how this operation can cause
anomalies in the data selection pipeline.

3. Minimizing loss does not monotonically increase
performance. Unlike standard vision settings, mini-
mizing the validation loss (i.e., cross entropy loss) does
not always improve the task performance in instruc-
tion tuning. This is because instruction tuning tasks
can generally require the model to produce long-form
generations. Although perplexity aligns well with task
performance in base LLMs (Xia et al.), but the rela-
tionship is much more obscure in fine-tuning tuning or
instruction tuning (Tay et al., 2021; Zhou et al., 2023).
LESS is motivated by selecting datapoints that mini-
mize the validation loss (Section 2) and this strategy
often induces models with high accuracy (Table 2),
but minimizing loss does not monotonically improve
accuracy (see our discussion in Appendix I).

4. Linearity in data selection. The first-order approxima-
tion in Section 2 ignores the effect of adding multiple
datapoints together. In particular, two duplicate points
would be scored equally highly and thought to doubly
improve the model, though this is likely not the case.
Preliminary theory in Saunshi et al. (2023) discusses
when influences may add linearly. However, several
more sophisticated algorithms have been proposed to
more flexibly model interactions across datapoints at a
significantly higher computational cost (Sggaard et al.,
2021; Guu et al., 2023). Unfortunately, such algorithms
are too expensive in the language model setting.
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A. Training
A.1. Training Datasets

For training, we utilize the same four processed datasets as referenced in (Wang et al., 2023b). Each of these datasets
is either annotated or authored by humans. Further details about these datasets can be found in Table 7. The FLAN V2
and COT datasets are derived from existing NLP datasets, while DOLLY and OPEN ASSISTANT 1 consist of open-ended
generation examples featuring answers written by humans. These datasets vary significantly in format, sequence length, and
underlying tasks, reflecting the heterogeneity of instruction-tuning datasets. We adopt the following *Tulu’ format from the
study by Wang et al. (2023b) to standardize the format of these datasets.

< |user|>
Alice’s parents have three daughters: Amy, Jessy, and what’s the name of the third daughter?

< |assistant|>
The name of the third daughter is Alice

Table 7: Datails of training dataset from Wang et al. (2023b). Len. is short for token length.

Dataset # Instance  Sourced from # Rounds Prompt Len. Completion Len.
FLAN V2 100,000 NLP datasets and human-written instructions 1 355.7 31.2
CoT 100,000 NLP datasets and human-written CoTs 1 266 53.2
DoLLy 15,011 Human-written from scratch 1 118.1 91.3
OPEN ASSISTANT 1 55,668 Human-written from scratch 1.6 34.8 212.5

A.2. Training Details

All experiments were conducted using the parameter-efficient fine-tuning method LoRA (Hu et al., 2021). We employed a
learning rate scheduler with linear warm-up and cosine decay, reaching a peak learning rate of 2 x 1075, A batch size of
128 was used, and training was carried out for 4 epochs across all selected datasets. We initially conducted experiments to
align the number of training steps between small and large datasets. However, increasing the number of epochs on small
datasets did not yield performance improvements. Consequently, we opted for a fixed number of epochs in all experiments.

For the LoRA module, we specified a rank of 128, an « value of 512, a dropout rate of 0.1, and learned LoRA matrices
for all attention matrices. This configuration resulted in 135 million trainable parameters for LLAMA-2-7B, constituting
1.95% of the original LLAMA-2-7B model. For MISTRAL-7B, there were 109 million trainable parameters, accounting for
1.48% of the original MISTRAL-7B model. Lastly, the LLAMA-2-13B model comprised 209 million trainable parameters,
representing 1.59% of the original LLAMA-2-13B model.

In each experiment, we performed three trials using distinct random seeds. When employing random selection approaches,
this entailed selecting three different random subsets from the training dataset. In the case of our approach (LESS), it
involved conducting warmup training with various subsets of the training data and subsequently selecting different subsets
for each trial from each warmup-trained model. We used consistent optimization seeds across all experiments.

B. Evaluation Details

We follow Wang et al. (2023b) to evaluate the performance of the models on the target tasks. For MMLU, we measure the
5-shot accuracy of the test set averaged across 57 subtasks. For TYDIQA, we measure the 1-shot macro-averaged F1 score
across all 11 languages. We adopt the gold-passage setup where one passage containing the reference answer is provided
to the model. For BBH, we report the average 3-shot exact match score across all tasks. Chain-of-thought reasoning is
provided in each in-context learning example to prompt the model to generate chain-of-thought reasoning traces for test
examples. We evaluate on the validation set Dy, (the same reference set used for data selection) at the end of each epoch
and select the best checkpoint to evaluate on the final test set for each experiment. Note that this procedure might introduce
some bias to the final test set, given that the validation set is relatively small (e.g., TYDIQA only has 9 validation examples
in total). However, in practice, we don’t find this bias to affect the comparisons between different methods.
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C. Baseline Details

For baseline approaches that involve stochasticity (i.e., all except BM25), we perform three runs with different random seeds
and report the average performance and standard deviation.

C.1. BM25

We implement the BM25 baseline with the rank_bm25'! package. We employ the same approach to aggregating scores
across subtasks as Equation (2), except using the BM25 scores instead of the gradient similarity scores.

C.2. DSIR

DSIR (Xie et al., 2023b) offers a lightweight approach to select data based on specific target distributions using n-gram
features. However, we find it unsuitable for our specific setting. The primary issue stems from the difficulty in learning
a reliable n-gram model with the limited data available in our target distribution, leading to a sparse n-gram table. We
hypothesize that this sparsity arises from the trade-off between bucket size and estimation accuracy for the source and
target distribution: larger buckets result in a highly sparse table with unreliable estimations for data selection, while smaller
buckets lead to more hash collisions for the data in the source distribution. In our empirical observations, we noticed that
DSIR tends to prefer shorter sequences, which can harm performance (see Table 13 for similar evidence). The tendency of
DSIR to select short sequences is also mentioned in Appendix J of Xie et al. (2023b), where the authors impose heuristic
quality filters on top of the DSIR-selected datasets.

D. More Experiment Results
D.1. Comparing SGD and Adam Optimizers for Instruction Tuning

The Adam optimizer (Kingma & Ba, 2015) is commonly employed for fine-tuning large language models. However, SGD is
a more desirable optimizer due to its lower memory usage; moreover, the influence formulation we introduce in §2 applies
only to SGD. Here, we verify that using SGD to instruction tune models results in markedly worse performance Table 8.
Our findings consistently demonstrate that using the Adam optimizer yields better results across all three datasets. This
validates the widespread practice of utilizing the Adam optimizer for fine-tuning large language models.

Table 8: Comparing using the SGD and Adam optimizers for instruction tuning. We use a random subset of 25% data for
comparison. We find that using the Adam optimizer consistently outperforms SGD on all three datasets.

MMLU TyYpIQA BBH Average

SGD 45503 47302 39205 44.0
Adam 47208 53.1a3 404 a5 46.9

D.2. Selecting Data for SGD, SignGD, and Adam Gradients

In order to compute the influence when training with the Adam optimizer (Definition 3.1), we need to access the Adam
optimizer update I'. I" relies on the moving moment estimates that Adam tracks. In the early stages of training, Malladi
et al. (2022) proved that the parameter updates induced by Adam can be approximated well by the sign of the gradient (this
optimizer is known as SignGD). Intuitively, this is because the moment estimates m and v are close to their initialization
and thus essentially perform coordinate-wise normalization on the gradient. Later empirical and theoretical in Malladi
et al. (2023) suggested that fine-tuning language models occurs in the early stages of Adam, so signGD may be a decent
approximation of fine-tuning LLMs with the Adam optimizer.

In the current paper, we obtain I" through the optimizer states computed over the course of a short warmup training period.
Here, we ablate our stated approach against approximating I" as sign(V£(-; 8)). One may also think this SignGD formulation
could circumvent the gradient norm problems reported in §3.2.

One of our key contributions is to extend the influence formulation in §2 to operate with the Adam optimizer. However, due

Uhttps://github.com/dorianbrown/rank_bm25
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to the approximations described above, the influences we compute in Definition 3.1 may not be as accurate as we hope. In
that case, we may be better off using the more precise influences provided by the SGD formulation in Equation (1).

We empirically compare the efficacy of these three influence formulations (SGD, SignGD, and Adam) for data selection and
present the results in Table 9. In this setup, we perform warmup training using all the available training data (Dyarmup = D)
and select the top 5% of the data for instruction tuning. In summary, we find that using Adam influence formulation generally
matches or outperforms the SGD and SignGD formulations, demonstrating the utility of our optimizer-aware influence
formulation in Definition 3.1.

Table 9: Comparing the data selection capabilities of the SGD, SignGD, and Adam (Definition 3.1) formulations of influence.
We find that using the Adam formulation generally matches or outperforms using the SGD and SignGD ones, showing the
utility of our optimizer-aware influence formulation.

Random SGD SignGD Adam

MMLU 46.5 50.9 49.7 51.6
TYDIQA 52.7 58.1 54.8 57.9
BBH 38.9 40.0 39.0 41.9

Avg. 46.0 49.7 47.8 50.5

D.3. Comparison to Base Models, and Training with Validation Data

Table 10: Evaluation results with the base model (without instruction tuning), and with instruction tuning on the validation
set. Finetuining on the validation set alone rarely improves the performance on the test set.

LLAMA-2-7B | LLAMA-2-13B | MISTRAL-7B
Base Valid. Rand.5% LESS 5% \ Base Valid. Rand.5% LESS 5% \ Base Valid. Rand5% LESS 5%
MMLU 456 47303  46.505) 50.2 0.5 553  54.8 04 53.4 .1 54.0 ©0.7) 62.4 58804 60.0 0.1 61.8 (04)
TYDIQA 464 52.8 @25 52.7 0.4) 56.2 0.7 53.1 50.8 a4 53.0 (1.3 54.6 0.3) 49.6 454 @43) 56.9 0.2 60.3 2.4
BBH 38.3  36.509 38.9 (0.5) 41.5 0.6 46.2 45.8 09) 47.0 (1.6) 50.6 0.6) 549 55507 54501 56.8 (1.0)

Instruction tuning could degrade performance. In Table 10, we compare results from instruction tuning to the results
directly from the base model without instruction tuning. Athough instruction tuning generally enhances performance, there
are instances where it may result in a decline. A notable example is observed in the MMLU dataset, where instruction
tuning using the 5% data subset chosen by LESS yields slightly inferior results compared to the base model. This suggests
that the chosen data may not significantly improve the performance of the target task for some models, especially more
capable ones such as LLAMA-2-13B and MISTRAL-7B. Additionally, it could imply that the pool of training data we’re
selecting from lacks further beneficial examples for the specified task. Experimenting with a larger pool of instruction
tuning could possibly benefit the target task more. Despite this, it is important to note that LESS remains competitive to
other approaches. By scaling up the compute to have a better estimate of the influence, we expect that the performance of
LESS will further improve, as indicated in Section 6.1.

Training with validation data rarely helps. An additional straightforward baseline involves using the few-shot validation
data for training. Specifically, we train the model for 100 steps with the standard hyperparameters, and evaluate the model
on the validation set for every 10 steps, and report the test score of the best checkpoint. The results of this approach are
shown in Table 10. Here, we compare it with the performance of the standard LLAMA-2-7B model and the outcomes when
fine-tuning the model with either 5% of data chosen at random or 5% selected by LESS. We observe that training solely with
in-domain validation data rarely provides a benefit over not training the model at all, and it even surpasses the performance
achieved by randomly selecting 5%(13,000) data points. Nevertheless, LESS demonstrates a superior ability to identify
data points more relevant to the target task, significantly outperforming the strategy of training with only validation data.

D.4. Detailed Results on Using Different Projection Dimensions

Recall that the Johnson-Lindenstrauss lemma (Johnson & Lindenstrauss, 1984) states that random projections preserve inner
products (e.g., the influence formulation in Definition 3.1) as long as the projected dimension d is large enough. Here, we
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ablate against different projection dimensions to find what empirical choice of d is “large enough”. In this setup, we perform
warmup training using all the available training data (Dyarmup = D) and select the top 5% of the data for instruction tuning.
We present the detailed results of projecting the LoRA gradients to different dimensions including 1024, 2048, 4096 and
8192 in Table 11. We find that even using a small dimension still outperforms the random selection performance. Using a
larger dimension for projected gradients is better. This signifies that there is still potential to improve the performance by
using a larger projection dimension, but one must trade off this consideration with the increased computational and memory
cost. Note that due to computational constraint, we only run experiment once with one fixed seed.

Table 11: Performance of using different projected gradient dimensions for data selection. We find that even using a small
dimension still outperforms the random selection performance. Using a larger dimension for projected gradients is better.

Projected Gradient Dimension
Random 1024 2048 4096 8192

MMLU 46.5 50.7 512 505 51.1
TydiQA 52.7 553 563 56.8 56.6
BBH 38.9 393 39.0 404 41.3

Average 45.2 484 488 492 49.7

D.5. Results on Pythia Models

To explore how the data selection model in LESS scales with increasing model capabilities, we perform experiments using
LESS with a series of Pythia models (Biderman et al., 2023) of sizes 14M, 410M, and 1B to select data for training models
of 14M, 410M, 1B, 6.9B, and 12B. Due to constraints on time and computational resources, we conduct these experiments
to select data for the TydiQA benchmark using only one seed and present the results in Table 12.

Data selection with LESS by
base (w/o FT) Random Pythia-14m Pythia-410m Pythia-1b  Full

Amount of FT data 0% 5% 5% 5% 5% 100%
Pythia-14m 0.0 0.0 0.0 0.1 0.0 0.0
Pythia-410m 3.8 7.8 8.7 9.4 8.8 8.6
Pythia-1b 9.2 12.3 12.9 11.5 17.2 13.7
Pythia-6.9b 17.1 27.2 27.2 28.0 30.9 355
Pythia-12b 17.4 14.9 17.7 19.4 32.6 332
Average 9.5 12.4 13.3 13.7 17.9 18.2
LLAMA-2-7B 46.4 52.7 48.7 53.0 51.7 54.0

Table 12: Performance comparison of using different Pythia models for data selection.

Firstly, LESS consistently performs well with Pythia models, almost always surpassing the baseline of selecting a random
5% of the data. Furthermore, the approach of using one model to select data for training another (i.e., LESS-T) proves
effective within the Pythia model family. Interestingly, small models such as the 14M can be effective data selectors despite
being unable to solve TydiQA by themselves. This suggests that LESS can be made highly efficient using very small models
for the gradient datastore, as they can effectively select data for training larger models. However, larger models demonstrate
even greater effectiveness as data selectors, as illustrated in the last row of the table. Lastly, the data selection by Pythia
models does not translate effectively to Llama models. Data selected by Pythia models fails to outperform random selection
when used to train Llama2 models. Conversely, data chosen by Llama2 models effectively trains Mistral models. This
indicates that the success of data transfer between models can be unpredictable, particularly when the capabilities of the
models differ significantly like Pythia and Llama2.
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D.6. Results on GSM8K and TruthfulQA

We follow reviewers’ suggestions to run experiments on datasets GSM8K (Cobbe et al., 2021) and Truthful QA (Lin et al.,
2022) that are more considered as out of domain with regard to the training data. We evaluate GSMS8K using the 8-shot
setting with chain of thought, following the methodology of Wang et al. (2023b). Similarly, we use random 10 examples
from each dataset as the validation set. We present the results in Appendix D.6. In summary, we find that LESS consistently
outperforms random selection by a large margin. However, selecting only 5% of the data to solve GSM8K does not
outperform using the entire dataset. This is because the COT portion of our training data contains many in-domain examples
for GSMBK, so it is likely not a good idea to use only a small subset of the available data to train the model for that task.
LESS’ utility in selecting data for Truthful QA indicates its potential to make models not only more capable but also more
faithful and truthful.

GSMSK-COT TruthfulQA
(Exact Match) mMmC2)

w/o Finetuning (0%) 14.0 39.2
Random (5%) 17.0 41.0
LESS (5%) 21.0 48.0
Full (100%) 30.5 44.0

E. Nuances in Algorithm Design

In Sections 2 and 3, we outline how first-order approximations of influence functions can be used to design optimizer-
aware data selection algorithms. Here, we discuss some of the nuances in designing such an algorithm for the practical
hyperparameter settings used in instruction tuning.

Batch Size. The per-step influence and trajectory-wise influence of a training datapoint z on a validation datapoint 2’ is
characterized under the assumption that the batch size is 1. Standard training setups use a larger batch size, but it is difficult
to characterize how training on a batch of examples can change ¢(z’; 0). However, under the assumption that the first-order
approximation is sufficiently powerful to describe training dynamics, we can directly use the linearity of the gradient to
derive the influence of a single datapoint within a batch. In particular, when training with SGD on a batch B, of size B, we
can write:

020 —0(2; ') ~ —ny (VE(2';0%), VI(By; 0Y))
M /. pt . pt
=5 > (VUz'0"), Vi(x:6)

x€ By

An analogous formula follows straightforwardly for Adam. The 1/B factor is shared across all datapoints and thus does
not affect the ranking of the matching scores. Therefore, selecting examples as if the batch size were 1 is the same as
selecting examples for a larger batch size. Intuitively, this is because the interaction between examples within a batch must
be negligible in order for the first-order approximation to be accurate. We remark that the equal division of the influence
across constituents of a mini-batch cannot circumvent the gradient norm problem presented in §3.2. We discuss this point in
more detail in Appendix H.

Learning Rate Schedule. Instruction tuning generally uses a linearly decaying learning rate schedule, which means that
each example (or batch) within an epoch has a different learning rate depending on the time step that it was sampled. The
formulation in Definition 3.1 may then select a datapoint solely because it would be sampled earlier in the training run (i.e.,
with a larger 7;). We want our method to yield an interpretable dataset, so we instead use the average epoch-wise learning
rate as 7).

F. Comparison to ‘“Kernel Behavior’’ (Malladi et al., 2023; Jacot et al., 2018).

The design of LESS relies on the assumption that the first-order approximation of loss dynamics is sufficiently accurate
(see Section 2). A related hypothesis is the idea that the instruction tuning optimization procedure exhibits “kernel
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behavior”.!? Here, we highlight the nuanced difference between kernel behavior and the current assumption, emphasizing
why kernel behavior is difficult to measure in the instruction tuning setting.

Formal Difference Kernel behavior describes the gradient of the output of the model (i.e., the logits) with respect to the
model parameters. In contrast, the first-order approximation in Section 2 is for the gradient of the loss with respect to the
parameters. These two quantities are related by the derivative of the loss with respect to the output of the model. Thus,
conceptually, kernel behavior and the first-order approximation of the loss dynamics are similar, but the two phenomena
correspond to different formal descriptions of model training. Theory in Yang & Hu (2021); Malladi et al. (2023) indicates
that there is some subtlety in whether one phenomenon implies the other holds. In particular, most kernel-based analyses
minimize the mean squared error loss instead of the cross-entropy loss, the latter of which introduces technical complications
in the analysis but is the standard choice for instruction tuning.

F.1. Does instruction tuning exhibit kernel behavior?

Malladi et al. (2023) suggested that fine-tuning on GLUE-style classification tasks can sometimes exhibit kernel behavior
because the pre-trained model is already fairly strong at the downstream task. This assumption crucially relied on appending
a very good prompt to the downstream task input, so that labeling the input amounted to predicting the next word. With
such a prompt, fine-tuning on the downstream task amounted to the same as continued pre-training. One could argue that
the instruction in instruction tuning provides a prompt for the completion, but the completion can be much longer than the
single-word labels used in classification tasks.

Gradient features change substantially at the start of instruction tuning. We perform ablations comparing gradient
features collected from the pre-trained model and features collected over the course of the warmup training period (Table 6).
We find that it is important to incorporate gradients taken over the course of the warmup training, which suggests that the
gradient features change substantially at the start of instruction tuning. On the other hand, results in Table 5 demonstrate
that lengthening the warmup period yields marginal gains in performance, suggesting that the gradient features don’t change
much in the intermediate and late phases of instruction tuning. We emphasize that especially in the case of the cross entropy
objective, it is possible for the gradient features in Definition 3.1 to change substantially even if the model exhibits kernel
behavior. It is thus difficult to relate the loss curves in Figure 5 to the evolution of the empirical neural tangent kernel over
the course of instruction tuning.

Direct verification is too challenging. Kernel behavior is called as such because the dynamics are described by a fixed
|D| x |D| kernel, where each entry contains the inner product of the gradients of the model output with respect to the
parameters for different datapoints. Subtly, this matrix must be constructed for every logit, so the computational cost scales
with the number of classes in the dataset. Past works that instantiate this kernel have focused on vision tasks with relatively
few classes (Arora et al., 2019; Yu et al., 2020a; Wei et al., 2022a) or prompt-based text classification (Malladi et al., 2023),
which only considers a label word for each class in simple downstream tasks. On the other hand, instruction tuning requires a
|V|-dimensional vector of logits from the model, where V is the vocabulary containing, for example, roughly 32, 000 tokens.
Additionally, each partial context must be treated as its own input, making |D| the length of each sequence multiplied by the
number of sequences in the dataset. Therefore, computing the kernel for instruction tuning is computationally infeasible,
given the massive size of D and the large number of output classes.

G. Comparison to Data Models (Ilyas et al., 2022)

Concurrent work in Engstrom et al. (2024) applies the datamodels framework (Ilyas et al., 2022) to select pre-training data to
induce strong performance on target downstream tasks. Fitting a datamodel generally requires repeated training of a model
to fit a mapping between the selected data and the resulting accuracy of the trained model, but Park et al. (2023) reframed
the problem to simulate this repeated training procedure at a much lower computational cost. Datamodels and its related
techniques are inspired by influence functions (Koh & Liang, 2017), which permit counterfactual reasoning over training
(e.g., “what would have happened if I omitted this training datapoint?”’). On the other hand, the influence formulation
in Pruthi et al. (2020) can only counterfactually reason over one optimization step at a time, not the entire training procedure.

In this section, we describe the how the data selection method in Engstrom et al. (2024), which was applied to the pre-training

"2This was called the “kernel regime” in Jacot et al. (2018) when training the model from a random initialization.
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setting, relates to the considerations and observations reported in this paper.

1. Reframing data selection as optimization: Both works reframe the data selection problem as a straightforward
optimization problem, whereby one chooses data to maximally improve a given metric. This approach is in contrast to
prior works that rely on pre-defined notions of useful data (Gururangan et al., 2020; Chen et al., 2023b) or surface-form
features (Xie et al., 2023b). Instead, both works can be considered efficient approximations of meta-optimization
approaches (Nguyen et al., 2021).

2. Approximating training dynamics: Given the considerable computational cost of training LLMs, both works have
to approximate the training dynamics of the model in order to efficiently estimate the effect of including a datapoint.
LESS relies on the assumption that the first-order approximation of the loss dynamics is accurate, whereas Engstrom
et al. (2024) relies on a first-order approximation of how the model output changes during training. The latter is closer
to the kernel view described in the previous section, though we note that the output used in datamodels generally
involves the margin, which is not well-covered by kernel theory. An implicit assumption of both of these techniques is
that the influences of selected datapoints add linearly (i.e., selecting two equally highly scored datapoints will doubly
improve the model performance). Theory in Saunshi et al. (2023) provides a start at understanding when this linearity
holds, but it may not apply to all settings. For example, in the case where the same datapoint is duplicated in the
training set, we don’t expect a marked improvement from the inclusion of the duplicate.

3. Proxy models and selection models: Both works require performing initial training in a smaller, computationally
efficient setup before performing data selection. Engstrom et al. (2024) trained smaller so-called proxy models to fit
the datamodel, whereas LESS requires a short warmup training period using the selection model in order to compute
the influence in Definition 3.1.

4. Sequence selection versus token selection: In §3.2, we describe how selecting sequences instead of individual tokens
requires an adjustment to the influence formulation. The token versus sequence consideration also appears in Engstrom
et al. (2024), where the method has to average the model output over the entire sequence before using it in the data
model. Because Engstrom et al. (2024) considers the pre-training setting, where all input sequences are of the same
(maximal) length, we cannot be sure if their proposed methodology circumvents the sequence length bias described
in §3.2.

H. Sequence Level Gradients in Instruction Tuning

In Section 3.2, we discussed that sequence level gradients in instruction tuning exhibit odd properties because they are the
average of the token gradients in the completion. In particular, Figure 3 demonstrates that across datasets, the gradient norm
is strongly anti-correlated with the length of the completion. Similarly, Figure 4 shows that the norm of the update ||T'||
(see Definition 3.1) decays rapidly with length. Therefore, using the straightforward inner product formulation in Section 2
would bias LESS to select short sequences for the training dataset. Intuitively, training on only short sequences would
prevent the model from learning to perform long-form generations, as is required for many tasks. Ablation experiments
in Table 13 demonstrate that using inner products for LESS results in a dataset with much shorter sequences. Training on
this dataset induces markedly worse performance than using the cosine similarity and sometimes worse performance than
random selection. Wang et al. (2020) similarly reported that using dot products for data selection in the machine translation
setting was less stable than using cosine similarity.

Importantly, this phenomenon is not a failure of the influence formulation in Section 2. Rather, it suggests that we ought
to perform token-wise data selection (e.g., only averaging the loss over a few tokens within each sequence), because
some gradients within a sequence are helpful and others are not. At the time of writing, such fine-grained selection
is computationally intractable for LLMs, but additional approximations and implementation accelerations may make it
possible.

H.1. Theoretical View

Theoretically, the relationship between sequence-level gradients and token gradients is quite interesting. Suppose token
gradients were equal to a deterministic sequence-level gradient (e.g., determined by topic) plus some i.i.d. Gaussian noise.
This is analogous to the widely accepted theoretical model of example gradients being equal to the full batch gradient with
additive noise. Then, as the sequence length grows, we would have more independent samples of the token gradient noise,
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Figure 4: The norm of the update in the Adam optimizer for instruction tuning examples negatively correlates with the
length of the completion.

and the average token gradient should concentrate to the deterministic sequence-level gradient. This would yield the trends
shown in Figure 3 but it is difficult to believe the gradient noise is i.i.d. because the tokens are not sampled i.i.d. from
the corpus. Tokens within a context are semantically related to one another, and constructing a suitable noise model with
appropriate correlations that permits analysis appears to be difficult. One possible approach is to assume a generative model
for language that assign a latent topic vector to each sequence and generate tokens accordingly, as was done in Arora et al.
(2016). Then, the token gradients can be modeled as correlated.

Table 13: Task performance of using normalized gradients and vanilla gradients. We find that using vanilla gradients to
select data leads to worse performance than normalized gradients. We also find that the length of the selected data is much
shorter when using vanilla gradients, due to the fact that shorter sequences have larger gradient norms (Figures 3 and 4).

Random Vanilla Gradients Normalized Gradients

Performance Length Performance Length Performance Length

MMLU 46.5 105.4 47.3 11.3 50.2 15.1
TYDIQA 52.7 105.4 523 19.7 56.2 44.4
BBH 38.9 105.4 37.4 19.0 41.5 101.2

I. Loss vs Accuracy

Our motivation in Section 2 is to select datapoints that will most dramatically reduce the validation loss. However, for many
language modeling tasks, it is unclear how minimizing the cross entropy interacts with the task accuracy. In particular, many
complex tasks require the model to generate long-form sequences of text, and it is not clear how well long-form generation

capability correlates with accuracy.

In Figures 6 to 8, we provide evidence across model scales and tasks that the minimizing the validation loss does not always
correspond to increasing the accuracy. A similar phenomenon was observed in Zhou et al. (2023); Tay et al. (2021). Despite
its reliance on the cross entropy loss, LESS boosts accuracy over relevant baselines. Overall, we suggest that optimizing
alternative objectives may yield better accuracy, but we leave exploring such ideas to future work. We note that any objective
function can be substituted into the derivation in Section 2, so the ideas used in developing LESS are easily extensible.
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Figure 6: Validation loss (Blue curve) and accuracy (Red bar) across checkpoints for LLAMA-2-7B.

J. Gradient Similarity Analysis

In Figure 9, we plot the gradient similarity between each training example and each validation example in descending order.
We observe a subset of examples exhibiting relatively higher gradient similarity scores when compared to the validation
data. Following this subset, there is a sharp decline in similarity scores, which then continue to decrease in a very smooth
manner. Notably, for MMLU, none of the examples exhibit a negative gradient similarity score. In contrast, for TydiQA and
BBH, there are instances of examples with negative gradient similarity scores. However, we did not observe any obvious
patterns in the examples with negative gradient similarity scores. Please find some examples in Appendix K.

K. Qualitative Analysis
K.1. Top Selected Examples for BBH and MMLU

We present more selected examples for MMLU and BBH in Table 18. For MMLU, the examples are drawn from COT,
CoT, and FLAN V2, respectively. The gradient-based approaches return an example of a problem of a similar difficulty
level. BM2S5 also returns a slightly harder math combinations example, where it has token overlap with the target instance
(e.g., multiple digit 5). Representation-based approach return a question answering example that does not require math
reasoning ability. For BBH, the examples are drawn from COT, COT, and DOLLY respectively. The representation and
gradient-based approaches capture the essence of the task to judge the truthfulness of a statement, while the BM25 method
aligns with superficial ngram features such as NBA Finals.

K.2. Examples with Negative Gradient Similarity Scores

We present a few examples with the lowest gradient similarity scores with the validation data in Table 15 and Table 14.
Simply looking at the examples fails to reveal any significant patterns that could explain the observed negative transfer to
the target task, which suggests the need for further investigation.
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Figure 8: Validation loss (Blue curve) and accuracy (Red bar) across checkpoints for MISTRAL-7B.

K.3. Subset Distribution of Selected Examples

Accuracy

Accuracy

We present the distribution of the selected examples for different methods in Figure 10. Different approaches end up selecting
very different amounts of data from each training subset. However, we find that there is not a monotonic relationship
between the amount of data selected from a subset and the performance of the method. This suggests that each subset could

have useful examples for the target task, and the key is to identify the most relevant examples.

In our specific observations, we notice that LESS predominantly selects data from the FLAN V2 dataset for MMLU. This
choice appears intuitive since MMLU predominantly comprises multiple-choice questions. In the case of TYDIQA, LESS
exhibits a strong preference for data from the DOLLY dataset. Upon examination, it becomes evident that many of these
examples adhere to an open-book question answering format. Finally, for BBH, LESS primarily selects data from the COT
dataset. This preference aligns with the fact that BBH tasks involve chain of thought reasoning, a characteristic prominently
present in the COT dataset’s examples.
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Figure 9: Gradient similarity between training examples and validation examples. The examples are ordered by the gradient
similarity score.
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Table 14: Examples with a negative gradient similarity score to the validation examples for TYDIQA.

TYDIQA validation example

User: The following are multiple choice questions (with answers) about elementary mathematics. The population
of the city where Michelle was born is 145,826. What is the value of the 5 in the number 145,8267 A. 5 thousands
B. 5 hundreds C. 5 tens D. 5 ones Answer:

Assistant: The answer is: A

Selected examples with lowest Infy g, Scores

User:

Instruction: What would be some useful random items to help you on an island if you were stranded Output:
Assistant:

A hockey skate would be great because of the blades and laces

Glasses could maybe be used to help you start a fire if you used the glasses to reflect the sunlight

The cord from a blow dryer could be quite useful

User:

q: Where could you buy an old pie safe with decorative tin?

Options:

- shopping bag

- trash

- antique store

- landfill

- cupboard

a: Old items can be found at an antique store. From an antique store, you could buy an old pie safe with decorative
tin.

The answer is antique store

QUESTION: What article of apparel or accessory is typically made of felt?
Options:

- shoes

- table

- hat shop

- clothes

- man’s hat

ANSWER: Felt is a type of textile material. Man’s hat are generally made of felt material. Hat can be article of
apparel or accesory.

The answer is man’s hat

q: A lot of people play the fiddle in what state which comes first alphabetically?
Options:

- tennessee

- violin case

- orchestra

- alabama

- alaska

a:

Assistant:

Lot of people in alabama state also plays fiddle like other states. Alabama comes first alphabetically than other state
as it starts from alphabet A.

The answer is alabama
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Table 15: Examples with a negative gradient similarity score to the validation examples for BBH.

BBH validation example

User:
Determine whether an artificially constructed sentence relating to sports is plausible or not. Q: Is the following
sentence plausible? "Bam Adebayo scored a reverse layup in the Western Conference Finals.”

Assistant: A: Let’s think step by step. Bam Adebayo is an American basketball player. Scoring a re-
verse layup in the Western Conference Finals is part of the NBA Finals. So the answer is yes.

Selected examples with lowest Infa g, scores

User:

Ques & Ans: Sam Allardyce has managed the most teams in the Premier League, having taken charge of seven
different clubs: Bolton Wanderers, Newcastle United, Blackburn Rovers, West Ham United, Sunderland, Crystal
Palace and Everton.

Who has managed the most premier league teams? Sam Allardyce

Stream of consciousness: To answer this question, we should know that: Sam Allardyce has managed
the most teams in the Premier League, having taken charge of seven different clubs: Bolton Wanderers, Newcastle
United, Blackburn Rovers, West Ham United, Sunderland, Crystal Palace and Everton.

Ques & Ans: “Shout” is a song by British band Tears for Fears, written by Roland Orzabal and Ian Stan-
ley and sung by Orzabal (with Curt Smith duetting on the chorus). First released in the UK on 23 November 1984,
it was the band’s eighth single release (the second taken from their second album Songs from the Big Chair) and
sixth UK Top 40 hit, peaking at no. 4 in January 1985. In the US, it reached no. 1 on the Billboard Hot 100 on 3
August 1985 and remained there for three weeks. ”Shout” would become one of the most successful songs of 1985,
eventually reaching the Top Ten in 25 countries. ’Shout” is regarded as one of the most recognisable songs from the
mid-eighties and is also recognised as the group’s signature song, along with “"Everybody Wants to Rule the World”.

Answer this question: when did shout by tears for fears come out? 23 November 1984

Stream of consciousness:

Assistant: The relevant information is: First released in the UK on 23 November 1984, it was the band’s eighth
single release (the second taken from their second album Songs from the Big Chair) and sixth UK Top 40 hit,
peaking at no.

User:

next question: Where would you find the nearest attic?
Options:

- victorian style house

- basement

- older houses

- own home

- victorian house

reasoning:

Assistant:

Own home is the house where one lives. One would find the nearest attic in his house. The answer is own home.
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Table 16: Top selected examples when using one TYDIQA example as D, for data selection with different approaches. The
TYDIQA example is in the context of Bengali question answering. These examples are drawn from FLAN V2, FLAN V2,
and DOLLY, respectively. Notably, LESS demonstrates the capability to prioritize examples of the same task type (question
answering), whereas the other methods tend to be influenced by the linguistic attributes of the validation example, leading
to the selection of Bengali examples that do not align with the same task type. Please find the translation of the table in
Table 17.

A TydiQA Validation Example: Question Answering in Bengali

User: 2M€ ST S Tofel ToTe i Tefleliis oiesig Ton e [Sieyre: q1ees w_eisel 8 Jrrer-(ias Aes-eaios
TRAF A IR ARFOF ¢ IWATeF SR T 2O [IF @] Sbed AR NG ool IAIOH L

e | @2 oz 8 Ters @7 SHeTRe SEres e @relieg o A [o aeriE

o @6 SIEAAAE AW 16 FAT 2[5 3] vvoe IE ¥

o ST AAT R T WATS 7

Assistant: TS: $do0¢ A

ALE AR F(E | O[O *(4F

Selected by BM25

Selected by RDS

Selected by LESS

Masked Word Prediction in Bengali

User: Select the most logical word from four
options to replace the <MASK> token in the
given Bengali statement.
[Q]: Statement:  SdY3-Y: TN TG
WQYEE REE MR Y-
0o o3 8 <MASK> JHE & 92
GCF SRRy FE | O @R SUINE
I G SSEF A WO [T
23| Option A: 2R Option B:
Option C: ©[9

Assistant: [A]: ©[9

Hate Speech Classification in Bengali

User: You are given a hateful post in Bengali
that expresses hate or encourages violence
towards a person or a group based on the pro-
tected characteristics such as race, religion,
sex, and sexual orientation. You are expected
to classify the post into two classes: personal
or non-personal depending on the topic.

Q: ¥ = 731 =S bT8 7 T 612
@7 R ARCE gre ey St e

0O 612 =1

Assistant: personal

Question Answering in English

User: Given the question and input, write a
reponse to answer the question. Which year
was quantum computer demonstrated to be
possible?

Input: Over the years, experimentalists have
constructed small-scale quantum computers
using trapped ions and superconductors. In
1998, a two-qubit quantum computer demon-
strated the feasibility of the technology, [...]
Response:

Assistant: 1998

Table 17: English translations of Table 16.

A TydiQA Validation Example: Question Answering in Bengali (Translated)

User: Answer the following question based on the content of the given chapter.
Chapter: The Bengali Renaissance and the Brahmo Samaj - in a nutshell, the social reformers and the reforms they introduced had a
profound impact on the social and economic life of Bengal. The beginning of the great rebellion took place in Calcutta in 1857. After the
failure of this rebellion, the British Empire accepted the rule of the East India Company’s hands as a friendly power. For the governance
of India, the position of a Viceroy was created. In 1905, the religious and political motivations led to the division of Bengal [...]

Question: When was Bengal divided?

Assistant: Answer: 1905.

Selected by BM25 (Translated)

Selected by RDS (Translated)

Selected by LESS

Prediction of the Masked Word in Bengali

Hate Speech Classification in Bengali

User: Choose the most logical word from
four options to replace the <MASK> token
in the given Bengali statement.

[Q]: Statement: In the 1961-62 season, the
touring English team’s captain participated
in the Pakistan <MASK> sphere for those
two tests. His availability for bowling marked
the delay of his test debut for some time. Op-
tion A: Glamorgan Option B: Leicester-
shire Option C: India

Assistant: [A]: Glamorgan

User: You are given a hateful post in Bengali
that expresses hate or encourages violence
towards a person or a group based on the pro-
tected characteristics such as race, religion,
sex, and sexual orientation. You are expected
to classify the post into two classes: personal
or non-personal depending on the topic.

Q: Do you not want to be happy alone? Not
that I don’t want to, but now? When happy, I
forget that I don’t want to eat alone.

Assistant: personal

Question Answering in English

User: Given the question and input, write a
reponse to answer the question. Which year
was quantum computer demonstrated to be
possible?

Input: Over the years, experimentalists have
constructed small-scale quantum computers
using trapped ions and superconductors. In
1998, a two-qubit quantum computer demon-
strated the feasibility of the technology, [...]
Response:

Assistant: 1998
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Table 18: Top examples selected for a MMLU validation instance in the context of elementary mathematics and selected for
a BBH target instance in the context of sports understandingusing. We compare examples selected by BM25, RDS and
LESS.

MMLU

BBH

A Validation Example

A Validation Example

User: The following are multiple choice questions (with
answers) about elementary mathematics. The population of the
city where Michelle was born is 145,826. What is the value of
the 5 in the number 145,826? A. 5 thousands B. 5 hundreds C. 5
tens D. 5 ones Answer:

Assistant: The answer is: A

User:

Determine whether an artificially constructed sentence relating
to sports is plausible or not. Q: Is the following sentence
plausible? ”Bam Adebayo scored a reverse layup in the Western
Conference Finals.”

Assistant: A: Let’s think step by step. Bam Adebayo is
an American basketball player. Scoring a reverse layup in the
Western Conference Finals is part of the NBA Finals. So the
answer is yes.

Selected by BM25

Selected by BM25

User: Question: A multiple choice test consists of 4 questions,
and each question has 5 answer choices. In how many ways can
the test be completed if every question is unanswered? Options:
(A) 24 (B) 120 (C) 625 (D) 720 (E) 1024 Answer: 5 choices for
each of the 4 questions, thus total of 5 % 5 % 5 5 = 5% = 625
ways.

Assistant: The answer is (C).

User: Give a stream of consciousness and then the final answer.
The 2016 NBA Finals was the championship series of the
National Basketball Association (NBA) 2015 — —16 season
and conclusion of the 2016 playoffs. The Eastern Conference
champion Cleveland Cavaliers defeated the Western Conference
champion Golden State Warriors 4 — —3 in a rematch of the
2015 NBA Finals. [...] Based on this passage, who did cleveland
play in the finals last year?

Assistant: To answer this question, we should know
that: The Eastern Conference champion Cleveland Cavaliers
defeated the Western Conference champion Golden State
Warriors 4 — —3 in a rematch of the 2015 NBA Finals. So, the
final answer is Golden State Warriors.

Selected by RDS

Selected by RDS

User: Of course, the most unforgettable classmate I had was
also the most vicious bully. I attended a boarding school for
badly behaved children and it had its fair share of bullies who
had been expelled from mainstream schools. But this particular
bully had even the teachers running scared. When he went off
on one, it could take up to four teachers or members of care
staff to get him under control. [...] At the end of the story, the
bully is probably: A. Now a teacher B. Now an article writer C.
Deceased from drug abuse D. not enough information

Assistant: C

User: Is Y2K relevant to the plot of The Godfather? Please give
rationale first, then the answer.

Assistant: The story in the Godfather spans from 1945
to 1955. Y2K refers to events related to the formatting and
storage of calendar data for dates beginning in the year 2000.
The answer is: no.

Selected by LESS

Selected by LESS

User: Q: In this task, you need to provide the correct option
for a given problem from the provided options. Problem: the
compound ratioof 2/3,6/7,4/3 and 1/ 8 is given by ?
Options: a) 2/21, b) 1/48, ¢) 1/98, d) 1/96, e) 1/68

Assistant: a

User: Plase answer the following request: Is the following state
true or false: Peanuts are vegetables? Answer:

Assistant: This statement is true. Peanuts are part of
the legume family and are therefore vegetables.
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