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Introduction

What is Model Merging?
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Related Work

Training-free Model Merging

« Merging model by distilling
knowledge from multiple teacher
models into student models.

« Need additional training.

Training-free Model Merging

« Merging model by linearly adding Task
Vector onto the pretrained model.

« Training free, but models must be
initialized with the same pre-trained model.




Related Work Training-free Model Merging -Unit Alignment

Input Models Aligned Models Output Model
CIFAR-10, MLP
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Motivation

 Reflects its connection strength with
the units in the previous layer.

« Cannot capture the information of
specific features (i.e. scale, offset) due
to the absence of input data.

« The same task can be achieved by
distinct parameters.




Motivation X-axis: Weight similarity of parents

Y-axis: Activation similarity of parents
Color: Merged units’ smaller act. similarity with its parents
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Method

---A General Procedure of Model Merging------------
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The MuDSC balances the inconsistency
of unit similarity in weight space and
activation space when merging models
by linearly combining the similarity
matrices both of the weights and the
activations of the units to seek a better
permutation matrix.
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Algorithm 1 MuDSC Merging

Require: The weights {W}-, and the activations
{A;}~, of the models, the function for computing the
similarity matrix C, selected matching algorithm W, the
balanced factor ao. RP returns a random permutation of
the sequence.
forl =12 ....Ldo

C,/ — C(A))
P, —¥(C))
end for
repeat
fori—= BP(1,2,...,L)do
Zy A= Py Piya, Wi, Wiga)
C/' —aC(Z)+(1—-a)C/
P, —v(C))
end for
until convergence
Get the merged weights {W;}/~, by Eq. (2)
return {W}/




Method

1. Calculate the similarity between units.

2. compute permutation and then
calculate the average of matched
similarity within each pairs of groups.

3. compute permutation for each pairs
of groups and then set the permutation
of unmatched pairs to zeros.

Vanilla Linear Layer
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Linear Layer (2 groups)
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1. Calculate
the similarity.

/B : low / high similarity
@f : unmatched / matched
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2. Align units

within groups.

3. Align groups.



Experiments

Modcl Resnet20 Resnet20GN
Dataset CIFAR100(50+50) CIFAR10(5+5) CIFAR100(50+50)
Method Joint Avg T.A T.B | Joint Avg T.A T.B | Joint Avg T.A T.B

Average 1652 24.22 2322 2521 | 5442 7524 7958 7090 | 563 1106 9.67 1244
Rebasin 41.33 5694 57.31 5658 | 60.61 B8.57 8846 8868 | 13.85 22,18 2299 21.37
A. Align 4433 61.13 6l.61 60.66 | 61.71 89.21 §8.63 89.78 | 29.37 4205 41.05 43.05
MuDSC ., | 45.50 62.81 63.06 6256 | 60.84 89.34 89.04 89.63 | 31.84 4531 4534 45.29

Zipit 5460 6678 67.11 6644 | 8244 04.61 9422 0500 | 29.93 4120 39.00 4241 Method | JointAcc AvgAce T.A T.B

W.Zip 55.16 67.65 68.58 6671 | 82.85 9471 9442 9499 | 1428 2095 19.17 2272 Average | 4455 6231 6193 62.68
MuDSC;, | 5601 68.13 68.80 67.47 | 83.09 94.88 9456 9521 | 30.05 4152 4039 42.65 :

Rebasin 44.85 6231 6193 62.68

A. Align 44.86 62.62  62.56 62.67

MuDSC azigr | 44.87 62.66 6257 62.74

Zipit 44.22 6225 6223 62.26

Model Resnet26 ResnetS0GN ViT W.Zip 44.85 62.31 61.93 62.68

Method Joint Avg T.A T.B | Joint Avg T.A T.B | Joint Avg T.A T.B I\iuDSCz,-p 44.86 62.50 6245 6272

Average 6l.44 7475 7446 7505 | 7452 8478 8506 8450 | 70.16 8432 8432 8432
Rebasin 61.39 7479 7448 7510 | 7452 8478 8506 8450 | 70.16 8432 8432 8432
A. Align 61.91 7541 7503 75799 | 7444 8477 8499 8456 | 6999 8422 8420 38424
MuDSC ;,,, | 62.84 76.14 7587 76.40 | 74.66 8491 85.25 84.58 | 70.09 84.39 84.38 84.40
Zipit 60.23 7368 7320 74.17 | 72.05 8299 83.06 8292 | 68.57 B83.05 82.79 8330
W.Zip 61.28 7469 7442 7496 | 7452 8478 B85.06 8450 | 70.16 8432 8432 B84.32
MuDSCz;, | 61.58 75.01 74.61 7541 | 7471 84.88 8514 84.62 | 70.10 B84.38 8441 B84.36




Experiments Merging Models of Heterogenous Tasks

Surface Normals  Eucl. Distance Object Class. Colorization 2D Segm. 2.5D Segm.

Top & prediction:

# shdmg door

« home theater, home theatre

» studso couch, day bed

« chita cabinet. cluna closet

= enferfamment center .

Taskonomy Dataset Query Image
« 12 Task&Pretrained model

« Merging pairwise

Semantic Segm.

Scaled Performence Method .
Visual Task Weight Average | Rebasin  Act. Align MuDSC .y, | Zipit Weight Zip MuDSCz;,
Ciy— Lo Class Object 76.15 80.76 89.75 89.75 .o00 | 84.84 80.93 86.04 | 5
Lsp = I Segment Semantic 23.01 30.59 52.54 55.24 .5 60 32.51 33.77 36.22 345
1= 40 Rgh2depth 95.42 95.90 98.69 9870 .00 | 9930  99.07 9935 s
Rgh2mist 94.56 95.00 98.28 98.28 .oo0 | 99.08 98.59 99.15 0.00
L1 : Original loss Edge3D 79.79 80.44 91.04 90.77 _y.a7 93.22 86.42 092.81 _p.40
Edge2D 68.54 75.48 81.37 81.24 a9 90.39 88.85 93.09 | 240
Lo loss of average Keypoints2D 71.33 75.89 81.99 8230 001 | 9338 0362 94T ..p
estimator Keypoints3D 01.54 01.99 96.16 96.17 .n.02 96.99 06.00 96.95 | .,
Reshading -4.72 8.52 60.23 6185 ., | 6918 4166 6R 71 _aus
Rgb2sfnorm 26.62 29.43 65.46 65.56 .00 76.62 64.43 771.50 ;.55
Autoencoding 21.96 35.65 51.84 5431 .:0¢ | 9655 7158 87.99 ., .-
Denoising 33.92 33.57 5231 54.40 o3 84.28 76.14 8549 00
Total Average 3651 61.10 76.64 TI3T cura | 8386 7800 84.84 ;0s




Experiments

Loss Landscape Visualization
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