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Outline

e Task Description Links

o Dataset e Course Website

e FEval Metric and Answer Extraction e NTUCOOL

e Merging Algorithms e Colab Sample Code
e Paper Reading e Kaggle Sample Code
e Submission and Grading e Judgeboi

e Reference



https://speech.ee.ntu.edu.tw/~hylee/ml/2026-spring.php
https://cool.ntu.edu.tw/
https://drive.google.com/file/d/1B9692EHFAZFh5-8Q5LsVhzk9nTH1MEyD/view?usp=sharing
https://www.kaggle.com/code/sylora1101/ml2026hw7
https://ml.ee.ntu.edu.tw/home

Task Description - overall

Part 1 (60%) - model merging
e Modify model merging config
e Merge in possible (weights, density) pairs and inference on task
e Select the optimal results, save submission.json and submit to Judgeboi

e Submit your .ipynb file to NTUCOOL

Part 2 (40%) - paper reading

e Read the given two papers and answer the questions on NTUCOOL



Task Description

e Goal: Learn to merge models with distinct capabilities at the parameter
level to build a unified, multi-task model without additional training

e Explore various model merging algorithms to develop a unified model
that preserves or improves performance across Japanese understanding
and mathematical capability.



Task Description

base models fine-tuned for
specific domain capabilities

Ktwo 7B models pretrained from
Mistral-7B-v1

1. augmxnt/shisa-gamma-7b-v1
(Japanese)
2. WizardLMTeam/WizardMath-7B-
k V1.1 (Math)

~

merge on base model weights

with techniques,

e.g. linear, pruning, ties, SCE

mergekit: a
toolkit for
merging

W Inference

-~

)

J

Akiba, Takuya, et al. "Evolutionary optimization of model
merqging recipes." Nature Machine Intelligence 7.2 (2025):
195-204.

\

amodel with
Japanese
Math QAs
capability

/



https://github.com/arcee-ai/mergekit/tree/main
https://arxiv.org/pdf/2403.13187
https://arxiv.org/pdf/2403.13187

Task Description

In this homework, students are required to implement model merging using
two 7B lims:

e augmxnt/shisa-gamma-7b-v1, which is strongin Japanese language
understanding

e WizardlLMTeam/WizardMath-7B-V1.1, which is strongin mathematical
reasoning

e Both models are fine-tuned from Mistral-7B-v0.1, as noted in Evolutionary

Optimization of Model Merging Recipes.



https://huggingface.co/augmxnt/shisa-gamma-7b-v1
https://huggingface.co/WizardLMTeam/WizardMath-7B-V1.1
https://arxiv.org/abs/2403.13187
https://arxiv.org/abs/2403.13187

Evaluation

e 20 Japanese Math questions created by TA ER s

e Instead of math problems solely translated to Japanese, the questions
also require background knowledge related Japanese culture.

e Example:

"BHARDEERRDIE ., AR, dLiEE., FAFF . KERFZERVL IR IEND
hYFIM?"(BREHH=)

"KREBIEFERRSFICEFNFEL =, RERFTFR2FICEFENFE LTz, NEBITRERKY
AmELTI M ?"(BRERILFHIE)




Eval Metric and Answer Extraction

e The final answer is extracted from the model's generated output using a
rule-based approach. The extraction function first searches for a number
that appears after the pattern “&z:" or "& % :"

e If the expected pattern is not present, the function falls back to extracting
the last numerical value appearing in the generated text

e You can get the accuracy in the output of your notebook (exact same
result on Judgeboi)



Paper Reading

e Basic model merging questions (5 questions)
e Latest model merging related paper (3 questions)

o Soro, Bedionita, et al. "LS-Merge: Merging Language Models in Latent
Space." The Fourteenth International Conference on Learning
Representations. 2026.

e Answer the multiple choice questions on NTUCOOL



https://openreview.net/pdf?id=VSDV0SWwOC
https://openreview.net/pdf?id=VSDV0SWwOC

Model Merging

e Def. refer to the process of merging models with simple arithmetic on
parameters without retraining from scratch or accessing original
training data, to preserve or integrate capabilities from each source
model (e.g., tasks, domains) into a unified model

Task vectors Learning via addition

Thnew = TA + TB
~ O

Hpre

Example: building a

T =0 — gpre multi-task model

Ilharco, Gabriel, et al. "Editing models with task arithmetic."

arXiv ﬁreerint arXiv:2212.04089 (2022).



https://arxiv.org/pdf/2212.04089

Model Merging

e recent emergence of large foundation models and pretraining-finetuning
paradigm have motivated more merging techniques — Multi-Task Learning

e redundant parameter or sign conflicts in different task vectors =
parameter interference — degraded performance

Original Values Merged Values
weip- Model 1 === Model 2 == Mean ===P TIES

=D

D No Interference O Redundant O Sign Conflict

Lee, Yeoreum, Jinwook Jung, and Sungyong Baik. "Mitigating Parameter Interference in Model Merging
via Sharpness-Aware Fine-Tuning." The Thirteenth International Conference on Learning Representations.



https://arxiv.org/pdf/2504.14662
https://arxiv.org/pdf/2504.14662

Terminology in Merging Algorithms

3 common settings in MergeKit...

e input models/ base model
o the source models to merge, plus the base model used as reference
when needed

e Wweights list(a)

o scalar coefficients controlling each model’s contribution
e densityd

o fraction of values to preserve in a tensor or matrix



Merging Algorithms

e Task Arithmetic/ linear (weights)

linear(A, B; t)= (1-t)A + tB
/- /- N
[
48

*a2

\_ N\
*ql op

3
_/
op *a3

Ilharco, Gabriel, et al. "Editing models with task arithmetic."

arXiv preprint arXiv:2212.04089 (2022).

weighted sum of
task vectors



https://arxiv.org/pdf/2212.04089

Merging Algorithms

e Slerp (weights) sin [(1 — ¢)Q] sin[t()]

slerp(po, p13t) = — ———Po + — =

\ j Spherical Linear
T2

Interpolation of the

[ ‘\ weights of two models

D1




Merging AlgOritth Arrow: direction — sign, length — magnitude

e Magnitude Prune (density, weights)

[ prune )

s - and | weighted sum of

top-d pruned task vectors
\_ Vvalues

- ' Y

w——p : Model 1 = :Model 3 T2]

=P : Influential values =i :Model 2 == : Merged Model / / \
~=3> : Redundant values

\_
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Merging Algorithms

DARE Linear (density, weights)

Randomly
zeroouta
fraction

Yu, Le, et al. "Language models are super mario: Absorbing abilities from homologous models as a free
unch." Forty-first International Conference on Machine Learning. 2024.

Y

(1-density)
of the
tensor

entries

-/

Y

-

~

Rescale the
remaining weighted
values by sum of
1/density to »  pruned
original task
expected vector
value
/
( \ /
/TZZ >33\
- J/

£ 1P *q2 Tr*Q3



https://arxiv.org/pdf/2311.03099
https://arxiv.org/pdf/2311.03099

Merging Algorithms

e DARE Linear
o derive task vectors

o Drop: randomly zero out a fraction (1 - d) (Bernouli(d) masks) of the
tensor entries to preserve vector elements with density d

o And

o REscale: rescale remaining ones by 1/d to approximate expected
value of the original embeddings

o weighted sum refined task vectors

Yu, Le, et al. "Language models are super mario: Absorbing abilities from homologous models as a free

lunch." Fortz-first International Conference on Machine Learninﬁ. 2024.



https://arxiv.org/pdf/2311.03099
https://arxiv.org/pdf/2311.03099

Merging Algorithms

e TIES (density, weights)

[] : parameter w—p :Model 1 =~ :Model3

= :Influential values .y :Model2 =~ :Merged Model

-3 : Redundant values

Task Vectors 7 Trimmed Task Vectors 7
.

Trim:
preserve
top-d

—

values

Aligned Values

Sign Vector 7,

Elect Sign:

majority sign

selection

Yadav, Prateek, et al. "Ties-merging: Resolving interference when merging

models." Advances in Neural Information Processing Systems 36 (2023): 7093-7115.

Disjoint Merge

weighted sum
over majority sign
aligned element

—y

—
Merged Task

Vector 7y,



https://arxiv.org/pdf/2306.01708
https://arxiv.org/pdf/2306.01708

Merging Algorithms

e TIES
o derive task vectors

o Trlm: prune task vector by magnitude, preserve top-d important
parameters

o Elect Sign : Determine +/- for each parameter by summing up
(total/frequency)

o Disjoint Merge: weighted sum over majority sign aligned elements

Yadav, Prateek, et al. "Ties-merging: Resolving interference when merging

models." Advances in Neural /nﬁormation Processinﬁ SKstems 36 (2023): 7093-7115.



https://arxiv.org/pdf/2306.01708
https://arxiv.org/pdf/2306.01708

Algorithm 1 TIES-MERGING Procedure.

[ ) o
Me rg I ng Algorlth ms Input: Fine-tuned models {6; }*,, Initialization 0y,
k, and \.
Output: Merged Model 6,,,
forall finl,...,n do
® TlES > Creat’e task vectors.
Tt = 0t — Oinit
D Step 1: Trim redundant parameters.
7 +— keep_topk_reset_rest_to_zero(7y, k)
Ye = sgn(7t)
fiy < |7]

end
D Step 2: Elect Final Signs.
Ym = 39"(2?:1 7t)
> Step 3: Disjoint Merge.
forall pinl.....d do
A= (E €l |47 = )
Tm = TAP] 2ateAv u
end
D> Obtain merged checkpoint
0, — Oipis + A * T,
return 0,,,

Ref. Yadav, Prateek, et al. "Ties-merging: Resolving interference when merging

models." Advances in Neural /nﬁormation Processinﬁ SKstems 36 (2023): 7093-7115.



https://arxiv.org/pdf/2306.01708
https://arxiv.org/pdf/2306.01708

Merging Algorithms

e SCE (density)

38 m
T’J’m ZJ' > sz m
/ \ 3
:’ask Vectors T " Select Trimmed Task Vectors 7 - Calculate Erase
(prune) coefficient minority
, elements
ZT:r?Sﬁ: calculate the
variances sum of select
between SSIanr :itc')sf m:jolrity si%n
Ktask vector5/ X o \ of elements

/

)

Wan, Fanqi, et al. "Fusechat: Knowledge fusion of chat models."

arXiv preprint arXiv:2408.07990 (2024).

)
Disjoint
Merge

weighted sum
over majority
sign aligned
element



https://arxiv.org/pdf/2408.07990

SCE (select across vectors)

Merging Algorithms .
g g g ‘ O b @ | Variance

e SCEv.s.TIES
o Select - similar to pruning, 1l 2! k3l - ken
further consider variations
across different task vectors
o Trim - prune each task
vector individually

top-k

—

TIES (trim individually)

ﬁ (ﬁg @ Magnitude

top-k

Tl 2| [t3] " [Tn




Merging Algorithms

e SCE
o derive task vectors

o S:select top-k variance elements in matrices (among different

task vectors)
m V.S. TIES (pruning individually)

o C:sum of squares of elements to obtain merging coefficient for
each target LLM

o E: filter elements with minority directions

Wan, Fanqi, et al. "Fusechat: Knowledge fusion of chat models."

arXiv ﬁreerint arXiv:2408.07990 (2024).



https://arxiv.org/pdf/2408.07990

Algorithm 1 SCE Procedure
Input: target LLMs parameters {¢; }] P
M er in Al orith ms LLM parameters ,,, threshold 7.
g g g Output: merged LLM parameters @
> Create fusion vectors
hia' ={s -0 O

> Calculate parameter matrix-level
merging coefficients

for {8;m}I;" € {6;}]5;" do
> Step 1: Select salient elements

pivot

e SCE

A

F jael ! = Select({0;.m}* i L1) (6
> Step 2: Calculate coefficients
im f;ll = Calculate({ } L) s, T = ij’gjz’m
> Step 3: Erase minority elements
{(5;,,1 JK 1= Erase({éjm} (8)
> Update merged LLM parameters

K-1
(I’m - Hv,m + Z nj,m(s;"m (9)
j=1

end
return ¢

Ref. Wan, Fanqji, et al. "Fusechat: Knowledge fusion of chat

models." arXiv ﬁreerint arXiv:2408.07990 (2024).



https://arxiv.org/pdf/2408.07990
https://arxiv.org/pdf/2408.07990

Grading and Submission - Baselines & Grading

JP-Math QA .
accuracy Score Estimated
Merge
Time
Public Simple Baseline > 50% +2 0.5-2hr
Public Strong Baseline > 75% +2 Inference
Time
. . 1-2hr /20
Code Submission +2 9
Paper Reading +0.5 /question | Sumceuon
(8 questions) +4 /total INLATENT SPACE



https://openreview.net/pdf?id=VSDV0SWwOC
https://openreview.net/pdf?id=VSDV0SWwOC
https://openreview.net/pdf?id=VSDV0SWwOC

Grading and Submission - Judgeboi

e Please submit the submission.json to judgeboi. (only .json file is allowed)

e Do not adjust the output file format

e 5 submissions quota per day, reset at 23:59 (UTC+8).



Grading and Submission - NTU COOL

submit before deadline: 2026/05/28 23:59:59 (UTC+8).
No late submission is allowed.

e Submit your code to NTU COOL. (2 points)

o Remember to submit the main .ipynb file that cover the complete
inference process.

o Your Judgeboi leaderboard score should be reproducible from your
submitted .ipynb file, otherwise your score will not count.
Compress your code into _hw7.zip. (e.g. b13901001_hw?7.zip)

o All the English alphabets in your student ID should be in lowercase.



Grading - Requlations

e You should NOT plagiarize, if you use any other resource, you should cite it in the reference.

e Do NOT share codes or prediction files with any living creatures.

e Do NOT use any approaches to submit your results more than 5 times a day.

e Do NOT search for or use additional data for training or the answers for the testing data.

e Do NOT use closed-source LLM APIs like GPT-4, Gemini, etc.

e You should NOT modify your input file or prediction files manually.

e Make sure that TAs can reproduce the predictions using the code you submit. (Fix the random
e seed)

e Your final grade x 0.9 and get a score 0 for that homework if you violate any of the above rules
e first time (within a semester).

e Your will get F for the final grade if you violate any of the above rules multiple (> 1) times.

e Prof. Lee & TAs preserve the rights to change the rules & grades.



If any questions, you can ask us via...

e NTU Cool HW7 E 5t iR=
o MERZBHBERNTRIEXEEIEF, F—1EFEA NTU Cool F1iRE)

o BIEMEELERIZ NTU Cool 5timE RIS RE
e Email
o ntu-ml-2026-spring-ta@googlegroups.com
o The title should begin with “[ML 2026 Spring HW7]"
e TA Hours
o Each Friday before / after class
m (Fri.)13.20~14.10/17:30~18:00
m Location: {H# 112


mailto:ntu-ml-2026-spring-ta@googlegroups.com

Reference

pretrained model:
Evolutionary Optimization of Model Merging Recipes

PEFT related:
https://huggingface.co/docs/peft/index,
https://huggingface.co/docs/peft/developer guides/model merging

paper reading:
LS-MERGE: MERGING LANGUAGE MODELS INLATENT SPACE
papers of Merging Algorithms: Task Arithmetic, TIES, DARE, SCE

Mergitkit: https://github.com/arcee-ai/mergekit



https://arxiv.org/abs/2403.13187
https://huggingface.co/docs/peft/index
https://huggingface.co/docs/peft/developer_guides/model_merging
https://openreview.net/pdf?id=VSDV0SWwOC
https://arxiv.org/pdf/2212.04089
https://arxiv.org/pdf/2306.01708
https://arxiv.org/pdf/2311.03099
https://arxiv.org/pdf/2408.07990
https://github.com/arcee-ai/mergekit

