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Figure 1: Ill}lstratif)n of w.eight disentang!ement, where disti'nct directions in the weight' space, 1‘ _Lgﬁﬁ: 157 1} %7'(2 ﬁﬁ'l, )\__I-HL’: , IEE%
Ty, are associated with localized areas of the input space, D;. This allows a model, f, to manipulate
these areas independently by adding linear combinations of 7,’s to a pre-trained checkpoint 8. *Egg WEi&E_/I\QE:HEIXrE] ( linear
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Property 1 (Task arithmetic). Consider a set of task vectors T = {Tt}te[T] with associated non-
intersecting task supports D = {Dy C X}ycrqy), ice., VLU, if t # 1 then Dy N Dy = @. We say a
network f satisfies the task arithmetic property around 6q with respect to T and D if
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<3>



Task Arithmetic in the Tangent Space: Improved Editing of Pre-Trained Models

« IOUF CLIP RS ELMETEA

Property 2 (Post-hoc linearization). The change in the network output after training can be approxi-
mated by its first-order Taylor expansion, i.e., f(x;0*) — f(x;0) ~ (0* — 0y) ' Vo f(x;0)).

That is, we apply the fine-tuned task vectors 7 = 8* — @y, to the linear approximation of f at 6y, i.e.,
fin(x; 00 +T) = f(x;00) + TTVGf((L'; 6y), 100, = - . P

/ XX ¢ p .
and we check whether fj;,(-; 8*) performs similarly to f(-; 6*)°. o y
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Figure 2: Non-linear advantage. Single-task
accuracies of non-linearly fine-tuned mod-

. MEISEEEESMX|Ed els f(-;0*) and their post-hoc linearization

fiin (- ; @™). Markers represent different ViTs.
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Table 1: Task addition. Average absolute (%) and normalized accuracies (%) of different CLIP
ViTs edited by adding the sum of the task vectors of 8 tasks. We report results for the non-linear
and linearized models of Sections 3 and 5 normalizing performance by their single-task accuracies.

Method ViT-B/32 ViT-B/16 ViT-L/14

Abs. (1) Norm. (1) | Abs. () Norm. (1) | Abs. (1) Norm. (1)
Pre-trained f(-; 6o) 48.4 — | 552 — | 644 —
Non-lin. FT  f(-; 8¢ + 1) 71.4 76.5 75.5 80.0 85.1 88.8
Post-hoc lin. fin(-; 6o + 7) 57.1 81.9 65.0 85.2 75.2 90.0
Linear. FT fiin(-; @0 + Tin) 76.5 854 | 813 86.0 | 885 93.5

Table 2: Task negation. Minimum accuracy (%) of different CLIP ViTs edited by negating a task vec-
tor from a target task while retaining 95% of their performance on the control task. We report average
performances over eight tasks on non-linear and linearized models as introduced in Sections 3 and 5.

Method ViT-B/32 ViT-B/16 ViT-L/14
Targ. () Cont. (1) | Targ. () Cont. (1) | Targ. () Cont. (1)
Pre-trained f(-; 60) 48.4 63.4 | 552 683 | 644 75.5
Non-lin. FT  f(-; 69 — 1) 24.0 60.7 19.2 64.6 18.0 72.5
Post-hoc lin. fii,(-; 8p — T) 14.8 60.3 10.8 64.8 12.1 71.8
Linear. FT fiin(-; 80 — Tiin) 10.9 608 | 113 648 | 79 72.5 <5>
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Property 3 (Weight disentanglement). A parametric function f : X x © — Y is weight disentangled
with respect to a set of task vectors T = {7 1] and the corresponding supports D = {D; } e (1) Iif

T T
f (-’E; 6o + Zam) = th(w; o Ty) + go(), (4)
t=1 t=1
where g:(x; 0u7¢) = 0 forx ¢ Dyandt =1,..., T, and go(x) = 0 for x € U, ¢y Dr.
T
f(x;00 + ;1) =Dy
x; 0y + o T | = 1
f( AP ) {f(m;eo) v ¢ UL, D v

|
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f (.’L‘; 90 + Z Oft'Tt) = Z f(.’L’, 90 + OftTt)]l(ﬂ'J c Dt) + f(m, 90)1 xr ¢ U Dt , (5)

t=1 t=1 te[T)

and identify g;(x; 47) = f(x;00 + ou1:)L(x € Dy) and go(x) = f(x;00)1(x & Dy). It is
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Figure 3: Visualization of weight disentanglement. The heatmaps show the disentanglement error
&(ary, o) of a non-linear CLIP ViT-B/32 (top) and its post-hoc linearization (bottom) on different
example task pairs. The light regions denote areas of the weight space where weight disentanglement <7>
is stronger. The red box delimits the search space used to compute the best « in all our experiments.
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Figure 4: Conceptual illustration of the differ-
ent approaches we use to edit a pretrained model
f(-; 8y). Here N represents the space of neural
network functions f, non-linearly parameterized
by 8 € ©; and K its tangent space, given by the
space of linearized functions fi;,.
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Figure 10: Visualization of weight disentanglement from linearized models. The heatmaps
the disentanglement error & (a1, o) of a ViT-B/32 linearly fine-tuned on different example task
The light regions denote areas of the weight space where weight disentanglement is stronger. T
box delimits the search space used to compute « in our experiments.

NETPE

PEKING UNIVERSITY

VIiT-B-32, DTD - SUN397 ViT-B-16, DTD - SUN397 &la, as)

100%

ViT-L-14, DTD - SUN397

3.0

Non-linear FT

-3.0 -L.0 10 3.0 -3.0 -1 10 3.0
] o1 ]
ViT-B-32, DTD - SUN397 ViT-B-16, DTD - SUN397 ViT-L-14, DTD - SUN397 Elan, az)

100%

Linearized FT

0%

-3.0 -1.0 1.0 3.0 -3.0 -1 1.0 3.0 . -3.0 -1 1.0 3.0

¥ L a

Figure 9: Weight disentanglement and model scale. The heatmaps show the disentanglement error
&(ay, ay) of different non-linear CLIP ViTs (top) and their post-hoc linearizations (bottom) on DTD
and SUN397. The light regions denote areas of the weight space where weight disentanglement is
stronger. The red box delimits the search space used to compute the best «v in all our experiments.
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Proposition 1 (Simplified). Suppose that { f} },c[r) can be represented by the kernel k. The kernel k
is capable of performing task arithmetic with respect to { f{ }icir) and {Ds } e 1f, for each task t,

there exists a subset of localized eigenfunctions such that i) supp(¢) C Dy for each ¢ in the subset,
and ii) the representation of f[* only involves these basis functions.

- 1REY)IIGAIZRT fin() = f(x;80) + D veiny) B btk (T0, )

- XREREHITE RN (KNTK)U = kNTK(wu 333) with @; € D,,

x; € Dy U Dt/, where Dy 18 the supp(;ft of a control task

- EEPRERITE Eloc(T) =22, 95 ()

<10 >



Task Arithmetic in the Tangent Space: Improved Editing of Pre-Trained Models ez X ¥

Eigenfunction localization

x € RESISC45 x € Cars x

Figure 6: Eigenfunction localization. Estimated
support of the eigenfunctions of the NTK of a ViT-
B/32 CLIP model trained on RESISC45. The plot
shows the sum of the local energy of the eigenfunc-
tions over a random subset of the training and con-
trol supports (RESISC45 and Cars, respectively).
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Figure 14: Eigenfunction localization. Estimated support of the eigenfunctions of the NTK of a
ViT-B/32 CLIP model trained on different datasets. The plot shows the sum of the local energy of the
eigenfunctions over a random subset of the training and control supports
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Figure 15: Eigenfunction localization. Estimated support of the eigenfunctions of the NTK of a
randomly initialized ViT-B/32 model trained on different datasets. The plot shows the sum of the
local energy of the eigenfunctions over a random subset of the training and control supports
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Weight disentanglement emerges during pre-training

Table 3: Task addition from random initialization. We use the same setup as for the experiments in
Table | but with task vectors obtained from fine-tuning randomly initialized ViTs. Results compare the
average single-task accuracy (%) after fine-tuning and the multi-task accuracy (%) via task addition.

Method ViT-B/32 ViT-B/16 ViT-L/14

Sing. (1) Multi (1) | Sing. (1) Multi (1) | Sing. (1) Multi (1)
Random init f(-; ey 5.3 - 4.8 - 5.2 -
Non-lin. FT f(-; ;¢ + 7"9) 48.5 5.5 40.6 4.5 18.0 4.8
Linear. FT fi.(-; 6% + 759) 27.8 3.8 24.7 4.0 24.8 6.1
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