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Motivation: Data Efficiency

* Instruction tuning is essential for LLMs for practical use

Full Dataset

LLMs are typically fine-tuned on massive datasets of /:[] |

—_—s

instruction-response pairs, which is time-consuming

' ™

\kThc Little Prince is a beloved ... )
~

[Instruction]

Identify a famous scientist.
[Response]

One famous scientist is Albert ... )

Summarize the story of The ... |
[Response]

( [Instruction]
Compute the average of ...

 Shift in focus from data quantity to data quality

LIMA [NeurlPS’23] achieved strong performance after fine-tuned
1,000 manually selected samples.

[Response]
\_The average of the numbers ...

on just



Motivation: Data Efficiency

(Select Smarter, Train Faster!)

Instruction tuning need not be
data-intensive

Selected Data



Main Contribution:
A new fine-grained & robust data selection framework

T-SHIRT: Token-Selective HleRarchical Data Selection for Instruction Tuning

Perturbed Token S-IFD Hierarchical

Noise Embeddings Selection

( [Instruction] )

Identify a famous scientist. n
o Oee0e —o—
Full Dataset \ One famous scientist is Albert ... )
/ I'r[lm;truction] R
Summarize the story of The ... (
| [Response] We +>_U( JDUU

\_The Little Prince is a beloved ... )
\_ [|T-SHIRT L)

[Instruction]
Compute the average of ... + —_— -
= D@00

The average of the numbers ...

* New scoring method for data selection that includes only informative tokens
* Promotes robust and reliable samples whose neighbors also show high quality

Using only ~5% of the dataset, T-SHIRT outperforms existing baselines
including those that use the full dataset!



Existing Scoring Functions for Data Selection

The standard Instruction-Following Difficulty (IFD) score for an instruction-
response pair (x, y) is defined as:

PPLy (y|z) &P {_ T 23;1 log Por (yt|y<t, 1')}
PPLo(y)  exp{—4 S0, log P (3ely<o) }

Captures ratio of perplexity of the response conditioned on the instruction
to the unconditional perplexity of the response

IFD(z,y) =

Rewritten as:

1 I~
IFD(z,y) = exp (_f § :At) Our proposed
= token Informativeness

A = log Py (yt|y<t, ) — log Po(ys|y<t)
A; measures the change in log-likelihood of token y; when the instruction z is

provided. A small |At| indicates that the instruction has little impact on generating y;



We identify & resolve two key limitations of existing approaches

(1) Not all tokens are useful/informative (2) Local neighborhood quality is

in data quality evaluation important for reliable data selection

- -~ s A
[Instruction] [Instruction]
Identify a famous scientist. Compute the __ of 1, 4, 7, and 10.
[Response] [Response]
One famous scientist is Albert Einstein, widely regarded The  of the numbers 1, 4, 7, and 10 is calculated by
as one of the greatest theoretical physicists in history. adding all the numbers together and then dividing the sum
Einstein is best known for developing the theory of by the total number of numbers. \n\nThe sum of 1, 4, 7,
general relativity and the famous equation E=mc?, as well and 10is 1 +4 + 7 + 10 = 22. There are four numbers in
as his contributions to the development of the atomic the set, so the  is22+4=5.5.

bomb during World War IL. Einstein's discoveries have
had a significant impact on our understanding of the

universe and have played a key role ... by, mean  IFD w~ 0.848, S-IFD7s ~0.730
IFD ~ 0.998, S-IFD7s=0.751 | el

average IFD = 0.988, S-IFD75~ 0.867
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(1) Not all tokens are useful/informative in data quality evaluation

—— QOur proposed
token Informativeness

IFD(z,y) = exp —% Z

Selective-IFD score:

T
1
S-IFD (z,y) = exp { — T Ztht ,
D=1 Wt 1=
1 if |A;| ranks top k% in the dataset D,
where w; = .
0 otherwise.

Keeps only top k% tokens

s

[Instruction]

Identify a famous scientist.

[Response]

One famous scientist is Albert Einstein, widely regarded
as one of the greatest theoretical physicists in history.
Einstein is best known for developing the theory of
general relativity and the famous equation E=mec?, as well
as his contributions to the development of the atomic
bomb during World War II. Einstein's discoveries have
had a significant impact on our understanding of the
universe and have played a key role ...

IFD ~ 0.998, S-IFD75~0.751
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examples from the Alpaca-GPT-4 dataset



(2) Local neighborhood quality is important for reliable data selection

7’s threshold for IFD/S-IFD
I

® High Quality
® Low Quality

A J

Mz, y) ZS IFDk(a:+6§:"),y+5("))
1=1
&*(z,y) MZ (S-IEDy (2 + 6%,y + 8 — plz, v))”,

1=1

where 6 ~ UL*4(—¢, ), and 5"

[Instruction]

Compute the  of 1, 4, 7, and 10.

[Response]

The  of the numbers 1, 4, 7, and 10 is calculated by

adding all the numbers together and then dividing the sum
by the total number of numbers. \n\nThe sum of 1, 4, 7,
and 10is 1 +4 + 7+ 10 = 22. There are four numbers in
the set, sothe 1522 +4=15.5.

average IFD =~ 0.988, S-IFD75~0.867
mean IFD ~ 0.848, S-IFD75~ 0.730

~ average

— mean

0.0 LQA\__@./\«/\Q..-A/\LA.A

0 20 40 60 80

~ UT*9(—¢, €) with U denoting the uniform distribution.

L Response Token Index ¢

v,

examples from the Alpaca-GPT-4 dataset



Our data selection algorithm T-SHIRT

. Perturbed Token Hierarchical
Noise Embeddings S-IFD Selection

([Instructionl N
Identify a famous scientist. T
e Becd —o—
Full Dataset \ One famous scientist is Albert ... J
/ ([Instruction] R
Summarize the story of The ... _C
e e -o- g —o—IIl -

\_The Little Prince is a beloved ... J
& T-SHIRT L)

([Instructiunl N
Compute the average of ...

ol T Y ONeew e
[Response]
\_The average of the numbers ... )

Algorithm 1: Token-Selective Hierarchical Data Selection for Instruction Tuning (T-SHIRT)

Input: Dataset D, selection budget b, token selection ratio k%, oversampling factor ~y, base noise
scale «, and number of perturbations M
foreach (z,y) € D do

Compute € - a/+/(L + T)d

fori < 1to M do
Sample noise 657 ~ ULX4(—¢, €), and 657 ~ UT*(—¢, €)

Compute perturbed embeddings z’ < = + 5, Y —y+ 6&)
Compute S-IFDy (z’, y") via Equation (3)

| Compute fi(z,y) and 6%(z,y) via Equation (4)

Select top vb samples from D with highest fi(z, y) to construct S

From S, select final b samples with lowest 52 (z,y) to construct S
Output: Selected subset S C D of size b




Experiments show strong performance
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