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Figure 1: weights2weights (w2w) space enables controllable creation of new customized diffusion
models. We model a manifold of customized diffusion models as a subspace of weights that encodes
different instances of a broad visual concept (e.g., human identities, dog breeds, etc.). This forms
a space that supports inverting the subject (e.g., identity) from a single image into a model, editing
the subject encoded in the model, and sampling new models that encode new instances of the visual
concept. Each of these operations results in a new model that can consistently generate the subject.

Abstract

We investigate the space of weights spanned by a large collection of customized
diffusion models. We populate this space by creating a dataset of over 60,000
models, each of which is a base model fine-tuned to insert a different person’s
visual identity. We model the underlying manifold of these weights as a subspace,
which we term weights2weights. We demonstrate three immediate applications of
this space that result in new diffusion models – sampling, editing, and inversion.
First, sampling a set of weights from this space results in a new model encoding
a novel identity. Next, we find linear directions in this space corresponding to
semantic edits of the identity (e.g., adding a beard), resulting in a new model with
the original identity edited. Finally, we show that inverting a single image into this
space encodes a realistic identity into a model, even if the input image is out of
distribution (e.g., a painting). We further find that these linear properties of the
diffusion model weight space extend to other visual concepts. Our results indicate
that the weight space of fine-tuned diffusion models can behave as an interpretable
meta-latent space producing new models.1
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Figure 2: The weights2weights space operates as a meta-latent space. Unlike a traditional
generative latent space, w2w space controls the model itself rather than single image instances. New
identity-encoding models can be sampled from the space and edited by linearly traversing along
semantic directions in weight space. Additionally, a single image can be inverted into the space to
produce a model that consistently generates that identity.

1 Introduction

Generative models have emerged as a powerful tool to model our rich visual world. In particular, the
latent space of single-step generative models, such as generative adversarial networks (GANs) [18, 28],
has been shown to linearly encode meaningful concepts in the output images. For instance, datasets
of latent vectors were used to discover linear directions in the GAN latent space encoding different
attributes (e.g., gender or age of faces) [20, 60]. Even earlier, datasets of images and keypoints were
leveraged to discover subspaces of facial shape and appearance [6, 53].

We aim to extend this even further, using datasets of model weights instead datasets of images or
latents. Can we discover such interpretable subspaces in the model weights themselves? Recently
introduced personalization approaches, such as Dreambooth [54] or Custom Diffusion [34], may
hint that this is the case. These methods aim to learn an instance of a subject, such as a person’s
visual identity. Rather than searching for a latent code that represents an identity in the input noise
space, these approaches customize diffusion models by fine-tuning on subject-specific images, which
results in identity-specific model weights. We therefore hypothesize that a latent space can exist in
the weights themselves.

To test our hypothesis, we fine-tune over 60,000 personalized models on individual identities to obtain
points that lie on a manifold of customized diffusion model weights. To reduce the dimensionality
of each data point, we use low-rank approximation (LoRA) [23] during fine-tuning and further
apply Principal Components Analysis (PCA) to the set of data points. This forms our final space:
weights2weights (w2w). Unlike traditional generative models like GANs, which model the pixel
space of images, we model the weight space of these personalized models. Thus, each sample in
our space corresponds to an identity-specific model which can consistently generate that subject.
We provide a schematic in Fig. 2 that contrasts a typical latent space with our proposed w2w space,
demonstrating the differences and analogies between these two representations. w2w space can be
thought of as a meta-latent space, enabling controllable creation of new models instead of just images
like a traditional latent space.

Creating this space unlocks a variety of applications that involve traversal in w2w (Fig. 1). First, we
demonstrate that sampling model weights from w2w space corresponds to a new model encoding a
novel subject. Second, we find linear directions in this space corresponding to semantic edits of the
identity. Finally, we show that enforcing weights to live in this space enables a diffusion model to
learn a subject given a single image, even if it is out of distribution.

We find that w2w space is highly expressive through quantitative evaluation on editing customized
models and encoding new identities given a single image. Qualitatively, we observe this space
supports sampling models that encode diverse and realistic identities, while also capturing the key
characteristics of out-of-distribution identities. We finally demonstrate that similar weight subspaces
exist for other visual concepts such as dog breeds and car types.
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Figure 3: Building weights2weights (w2w) space. We create a dataset of model weights where each
model is personalized to a specific identity using low-rank updates (LoRA). These model weights
lie on a weights manifold that we further project into a lower-dimensional subspace spanned by its
principal components. We train linear classifiers to find disentangled edit directions in this space.

2 Related Work

Image-based generative models. Various models have been proposed for image generation, includ-
ing variational autoencoders (VAEs) [31], flow-based models [12, 32, 49], generative adversarial
networks (GANs) [18], and diffusion models [22, 43, 62]. Within the realm of high-quality photo-
realistic image generation, GANs [25, 28, 29] and diffusion models [22, 43, 52, 63] have garnered
significant attention due to their controllability and ability to produce high-quality images. Leverag-
ing the compositionality of these models, methods for personalization and customization have been
developed which aim to insert user-defined concepts via fine-tuning [16, 34, 40, 54]. Various works
try to reduce the dimensionality of the optimized parameters for personalization either by operating
in specific model layers [34] or in text-embedding space [16], by training hypernetworks [55], and by
constructing a linear basis in text embedding space [73].

Latent space of generative models. Linear latent space models of facial shape and appearance
were studied extensively in the 1990s, using PCA-based representations (e.g. Active Appearance
Models [9], 3D Morphable Models [6]) as well as operating directly in pixel and keypoint space [53].
However, these techniques were restricted to aligned and cropped frontal faces. More recently,
generative adversarial networks (GANs), particularly the StyleGAN series [26, 27, 28, 29], have
showcased editing capabilities facilitated by their interpretable latent space. Furthermore, linear
directions can be found in their latent space to conduct semantic edits by training linear classifiers or
applying PCA [20, 60], among other methods for discovering semantic directions [8, 66]. Several
methods aim to project real images into the GAN latent space in order to conduct this editing [1, 3,
51, 64, 77]. Beyond the latent space, works such as [4] found that directions could be discovered in
the neuron activation space, suggesting the interpretability of weights.

Although diffusion models architecturally lack a GAN-like latent space, some works aim to discover
similar spaces in these models. This has been explored in the UNet bottleneck layer [35, 41], noise
space [10, 78], and text-embedding space [5]. Concept Sliders [17] explores the weight space for
semantic image editing by conducting low-rank training with contrasting image or text pairs.

Weights as data. Past works have exploited the structure within weight space of deep networks for
various applications. In particular, some have found linear properties of weights, enabling simple
model ensembling and editing via arithmetic operations [24, 56, 59, 69]. Other works create datasets
of neural network parameters for training hypernetworks [14, 19, 42, 55, 68], predicting properties of
networks [58], and creating design spaces for models [46, 47].

3 Method

We start by demonstrating how we create a manifold of model weights as illustrated in Fig. 3. We
explain how we obtain low-dimensional data points for this space, each of which represents an
individual subject from a broad class (i.e., identity). We then use these points to model a weights
manifold. Next, we find linear directions in this manifold that correspond to semantic attributes and
use them for editing the identities. Finally, we demonstrate how this manifold can be utilized for
constraining an ill-posed inversion task with a single image to reconstruct its identity.
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3.1 Preliminaries

In this section, we first introduce latent diffusion models (LDM) [52], which we will use to create
a dataset of weights. Then, we explain the approach for obtaining identity-specific models from
LDM via Dreambooth [54] fine-tuning. We finally present a version of fine-tuning that uses low-
dimensional weight updates (LoRA [23]). We will use the fine-tuned low-dimensional per-identity
weights as data points to construct the weights manifold in Sec. 3.2.

Latent diffusion models [52]. We will extract weights from latent diffusion models to create w2w
space. These models follow the standard diffusion objective [22] while operating on latents extracted
from a pre-trained Variational Autoencoder [15, 31, 50]. With text, the conditioning signal is encoded
by a text encoder (such as CLIP [44]), and the resulting embeddings are provided to the denoising
UNet model. The loss of latent diffusion models is:

Ex,c,ϵ,t[wt||ϵ− ϵθ(xt, c, t)||22], (1)

where ϵθ is the denoising UNet, xt is the noised version of the latent for an image, c is the conditioning
signal, t is the diffusion timestep, and wt is a time-dependent weight on the loss.

To sample from the model , a random Gaussian latent xT is deterministically denoised conditioned
on a prompt for a fixed set of timesteps with a DDIM sampler [63]. The denoised latent is then fed
through the VAE decoder to generate the final image.

Dreambooth [54]. To obtain an identity-specific model, we use the Dreambooth personalization
method. Dreambooth fine-tuning introduces a novel subject into a pre-trained diffusion model given
only a few images of it. During training, Dreambooth follows a two-part objective:

Ex,c,ϵ,t[wt||ϵ− ϵθ(xt, c, t)||22 + λwt′ ||ϵ′ − ϵθ(x
′
t, c

′, t′)||22], (2)

where the first term corresponds to the standard diffusion denoising objective using the subject-
specific data x conditioned on the text prompt “[identifier] [class noun]” (e.g., “[v] person”), denoted
c. The second term, weighted by λ, corresponds to a prior preservation loss, which involves the
standard denoising objective using the model’s own generated samples x′ for the broader class c′
(e.g., “person”). This prevents the model from associating the class name with the specific instance,
while also leveraging the semantic prior on the class.

Low Rank Adaptation (LoRA) [23]. Dreambooth requires fine-tuning all the weights of a model,
which is a high–dimensional space. We turn to a more efficient fine-tuning scheme, LoRA, that
modifies only a low-rank version of the weights. LoRA uses weight updates ∆W with a low intrinsic
rank. For a base model layer W ∈ Rm×n, the LoRA update for that layer ∆W can be decomposed
into ∆W = BA, where B ∈ Rm×r and A ∈ Rr×n are low-rank matrices with r ≪ min(m,n).
During training, for each model layer, only the A and B are updated. This significantly reduces the
number of trainable parameters. During inference, the low-rank weights are added residually to the
weights of each layer in the base model and scaled by a coefficient α ∈ R: W + α∆W .

3.2 Constructing the weights manifold

Creating a dataset of model weights. To construct the weights2weights (w2w) space, we begin
by creating a dataset of model weights θi. We conduct Dreambooth fine-tuning on latent diffusion
models in order to insert new subjects with the ability to control image instances using text prompts.
This training is done with LoRA in order to reduce the space of model parameters. Each model
is fine-tuned on a set of images corresponding to one human subject. After training, we flatten
and concatenate all of the LoRA matrices, resulting in a data point θi ∈ Rd which represents one
identity. After training over N different instances, we have our final dataset of model weights
D = {θ1, θ2, ..., θN}, representing a diverse array of subjects.

Modeling the weights manifold. We posit that our data D ⊆ Rd lies on a lower-dimensional
manifold of weights that encode identities. A randomly sampled set of weights in Rd, would
not be guaranteed to produce a valid model encoding identity as the d degrees of freedom can
be fine-tuned for any purpose. Therefore, we hypothesize that this manifold is a subset of the
weight space. Inspired by findings that high-level concepts can be encoded as linear subspaces of
representations [13, 37, 45, 48], we model this subset as a linear subspace Rm where m < d, and
call it weights2weights (w2w) space. We represent points in this subspace as a linear combination
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of basis vectors w = {w1, ..., wm}, wi ∈ Rd. In practice, we apply Principal Component Analysis
(PCA) on the N models and keep the first m principal components for dimensional reduction and
forming our basis of m vectors.

Sampling from the weights manifold. After modeling this weights manifold, we can sample a new
model that lies on it, resulting in a new model that generates a novel identity. We sample a model
represented with basis coefficients {β1, ..., βm}, where each coefficient βk is sampled from a normal
distribution with mean µk and standard deviation σk. The mean and standard deviation are calculated
for each principal component k from the coefficients among all the training models.

3.3 Finding Interpretable Weight Space Directions

We seek a direction n ∈ Rd defining a hyperplane that separates between binary identity properties
embedded in the model weights (e.g., male/female), similarly to hyperplanes observed in the latent
space of GANs [60]. We assume binary labels are given for attributes present in the identities encoded
by the models. We then train linear classifiers using weights of the models as data based on these
labels, imposing separating hyperplanes in weight space. Given an identity parameterized by weights
θ, we can manipulate a single attribute by traversing in a direction n, orthogonal to the separating
hyperplane: θedit = θ + αn. An edit operation in w2w spaee produces a new model with the original
subject edited, allowing the model to generate infinitely many new images of the edited subject.

3.4 Inversion into w2w Space

Traditionally, inversion of a generative model involves finding an input such as a latent code that
best reconstructs a given image [38, 70]. This corresponds to finding a projection of the input onto
the learned data manifold [77]. With w2w space, we model a manifold of model weights rather than
images. Inspired by latent optimization methods [1, 77], we propose a gradient-based method of
inverting a single identity from an image into our discovered space.

Given a single image x, we follow a constrained denoising objective:

max
θ

Ex,c,ϵ,t[wt||ϵ− ϵθ(xt, c, t)||22] s.t. θ ∈ w2w (3)

Specifically, we constrain the model weights to lie in w2w space by optimizing a set of basis
coefficients {β1, ..., βm} rather than the original parameters. Unlike Dreambooth, we do not employ
a prior preservation loss, since the optimized model lies in the subspace defined by our dataset of
weights, and inherits their priors.

4 Experiments

We demonstrate w2w space on the visual concept of human identities for a variety of applications.
We begin by detailing implementation details. Next, we use w2w space for 1) sampling new models
encoding novel identities, 2) editing identity attributes in a consistent manner via linear traversal in
w2w space, 3) embedding a new identity given a single image, and 4) projecting out-of-distribution
identities into w2w space. Finally, we analyze how scaling the number of models in our dataset of
model weights affects the disentanglement of attribute directions and preservation of identity.

4.1 Implementation Details

Creating an identity dataset. We generate a synthetic dataset of ∼65,000 identities using [67],
where each identity is associated with multiple images of that person. Each identity is based on
an image with labeled binary attributes (e.g., male/female) from CelebA [36]. Each set of images
corresponding to an identity is then used as data to fine-tune a latent diffusion model with Dreambooth.
Further details on this dataset and train/test splits are provided in Appendix E.

Encoding identities into model weights. We conduct Dreambooth fine-tuning using LoRA with
rank 1 on the identities. Following [56], we only fine-tune the query and value projection matrices in
the cross-attention layers. We utilize the RealisticVision-v51 checkpoint2 based on Stable Diffusion

2https://huggingface.co/stablediffusionapi/realistic-vision-v51
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1.5. Conducting Dreambooth fine-tuning on each identity training set results in a dataset of ∼65,000
weights θ where θ ∈ R100,000.

Finding semantic attribute directions. We utilize binary attribute labels from CelebA to train
linear classifiers on the dataset of model weights we curated. We run Principal Component Analysis
(PCA) on the ∼65,000 training models and project to the first 1000 principal components in order to
reduce the dimensionality. The orthogonal edit directions are calculated via the analytic least squares
solution on the matrix of projected training models D ∈ R65,000×1000, and then unprojected to the
original dimensionality of the model weights: θ ∈ R100,000.

4.2 Sampling from w2w Space
Sampled Identity Nearest Neighbor

Figure 4: Identity samples from w2w space. We
show the samples from w2w space do not overfit
to nearest-neighbor identities, although they incor-
porate facial attributes from them. The identities
are diverse and consistent across generations.

We present images generated from models that
were sampled from the weights manifold (i.e.,
w2w Space) in Fig. 4. We follow the sampling
procedure from Sec. 3.2, and generate images
from the sampled model. As shown, each new
model encodes a novel, realistic, and consistent
identity. Additionally, we present the nearest
neighbor model among the training dataset of
model weights. We use cosine similarity on the
models’ principal component representations.
Comparing with the nearest neighbors shows
that these samples are not just copies from the
dataset, but rather encode diverse identities with
different attributes. Yet, the samples still demon-
strate some similar features to the nearest neigh-
bors. These include jawline and eye shape (top row), facial hair (middle row), and nose and eye shape
(bottom row). Appendix A includes more such examples.

4.3 Editing Subjects

We demonstrate how directions found by the linear classifiers can be used to edit subjects encoded in
the models. It is desired that these edits are 1) disentangled (i.e., do not interfere with other attributes
of the embedded subject and preserve all other concepts such as context) 2) identity preserving (i.e.,
the person is still recognizable) 3) and semantically aligned with the intended edit.

Baselines. We compare against a naïve baseline of prompting with the desired attribute (e.g., “[v]
person with small eyes”), and then Concept Sliders [17], an instance-specific editing method which
we adapt to subject editing. In particular, we train their most accessible method, the text-based slider,
which trains LoRAs to modulate attributes in a pretrained diffusion model based on contrasting text
prompts. We then apply these sliders to the personalized identity models.
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Figure 5: Qualitative comparison. w2w edits preserve identity while being disentangled and
semantically aligned. Concept Sliders [17] tends to exaggerate effects which induces artifacts and
degrades identity, while prompting the subject with the desired edit has unexpected effects.
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Table 1: Edits in w2w space preserve identity, are disentangled, and semantically aligned.
ID Score ↑ LPIPS ↓ CLIP Score ↑

Prompting Sliders w2w Prompting Sliders w2w Prompting Sliders w2w

Gender 0.39±0.08 0.33±0.09 0.45±0.09 0.30±0.05 0.39±0.09 0.31±0.03 1.98±0.78 3.50±0.68 4.13±0.59

Chubby 0.29±0.14 0.33±0.09 0.45±0.09 0.41±0.05 0.38±0.04 0.36±0.04 1.12±0.61 2.21±0.61 2.16±0.51

Eyes 0.52±0.06 0.53±0.04 0.72±0.05 0.32±0.03 0.30±0.02 0.19±0.02 0.17±0.17 0.01±0.22 0.59±0.19

Original + Flat Brows + Bangs + Straight Hair Original + Jawline + Eye Bags + Narrow Eyes

Figure 6: Composing edits in w2w space. Each column represents fixed seed samples from an edited
model. Multiple edits in w2w space minimally degrade the original identity or interfere with other
concepts, while maintaining edit appearance across different samples.

Evaluation protocol. We evaluate these three methods for identity preservation, disentanglement,
and edit coherence. To measure identity preservation, we first detect faces in the original generated
images and the result of the edits using MTCNN [74]. We then calculate the similarity of the
FaceNet [57] embeddings. We also use LPIPS [76] computed between the images before and after
the edit to measure the degree of disentanglement with other visual elements, and CLIP score [21], to
measure if the desired edit matches the text caption for the edit.

To generate samples, we fix a set of prompts and random seeds which are used as input to the held-out
identity models. Then, we choose a set of identity-specific manipulations. For prompt-based editing,
we augment the attribute description to the set of fixed prompts (e.g., “chubby [v] person"). For
Concept Sliders and w2w, we apply the weight space edit directions to the personalized model with a
fixed norm which determines the edit strength. The norm is calculated using the maximum projection
component onto the edit direction among the training set of model weights.

w2w edits are identity preserving and disentangled. We evaluate over a range of identity-specific
attributes and present three (gender, chubby, narrow eyes) in Tab. 1. Edits in w2w preserve the identity
of the original subject as measured by the ID score. These edits are semantically aligned with the
desired effect as indicated by the CLIP score while minimally interfering with other visual concepts,
as measured by LPIPS. We note that the CLIP score can be noisy in this setting as text captions can
be too coarse to describe attributes as nuanced as those related to the human face. We supplement
this with a user study presented in Appendix B.

Qualitatively, w2w edits make the minimal amount of changes to achieve semantic and identity-
preserving edits (Fig. 5). For instance, changing the gender of the man does not significantly change
the facial structure or hair, unlike Concept Sliders or prompting with text descriptions. Prompting has
inconsistent results, either creating no effect or making drastic changes. Concept Sliders tends to
make caricaturized effects, such as making the man cartoonishly chubby and baby-like.

Composing edits. Edit directions in w2w space can be composed linearly as shown in Fig. 6. The first
column represents samples from the original model, and each subsequent column represents samples
from the edited models. Each row shares the same fixed random generation seed. The composed edits
persist in appearance across different generations, binding to the identity. Furthermore, the edited
weights result in a new model, where the subject has different attributes while still maintaining as
much of the prior identity. This is in contrast to editing in a traditional latent space, where an edit
only corresponds to a single image. Additionally, as we operate on an personalized identity-specific
weight manifold, minimal changes are made to other concepts, such as scene layout or other people.
For instance, in Fig. 6, adding edits to the woman does not interfere with the person standing by her.
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Figure 7: Single image inversion reconstructs identity and enables editing in w2w space. We
present generated samples from the inverted models. These inverted identities can be composed in
novel contexts and edited using our discovered semantic directions in weight space. These edits
persist in appearance across generation seeds and prompts.

ProjectionInput ProjectionInput ProjectionInput

Figure 8: Projecting out-of-distribution identities. We show that our inversion method can convert
unrealistic identities into realistic renderings with in-domain facial features. Each image represents a
generated sample from the inverted model. The resulting identities can be composed in novel scenes,
such as playing tennis or rendered into other artistic domains.

4.4 Inverting Subjects

Evaluation protocol. We measure w2w space’s ability to represent novel identities by inverting a
set of 100 random FFHQ [28] face images. We follow our inversion objective from eq. 3. We then
provide a set of diverse prompts to generate multiple images and follow the identity preservation
metric from Sec. 4.3 to measure subject fidelity. Implementation details are provided in Appendix C.

We compare our results to two approaches that use Dreambooth with rank-1 LoRA. The first is trained
on a single image. The second is trained on multiple images of each identity. We generate such
images by following our identity dataset construction from Sec. 4.1. This approach can be viewed as
a pseudo-upper bound on modeling identity as it uses multiple images.

w2w space provides a strong identity prior. Inverting a single image into w2w space improves
on the single image Dreambooth baseline and closes the gap with the Dreambooth baseline that
uses multiple identity images (Tab. 2). Conducting Dreambooth fine-tuning with a single image in
the original weight space leads to image overfitting and poor subject reconstruction as indicated
by a lower ID score. In contrast, by constraining the optimized weights to lie on a manifold of
identity weights, w2w inversion inherits the rich priors of the models used to discover the space.
As such, it can extract a high-fidelity identity that is consistent and compositional across gener-
ations. We present qualitative comparisons against Dreambooth and single-image Dreambooth
in Appendix C. We additionally compare against other personalization methods in that section.

Table 2: w2w Inversion closes the gap
with Dreambooth.

Method Single-Image ID Score ↑
DB-LoRA × 0.69± 0.01
DB-LoRA ✓ 0.43± 0.03
w2w ✓ 0.64± 0.01

Inverted models are editable. Fig. 7 demonstrates that
a diverse set of identities can be faithfully represented in
w2w space. After inversion, the encoded identity can be
composed in novel contexts and poses. For instance, the
inverted man (rightmost example) can be seen posing with
a celebrity or rendered as a statue. Moreover, semantic ed-
its can be applied to the inverted models while maintaining
appearance across generations.

4.5 Out-of-Distribution Projection

w2w space captures out-of-distribution identities. We follow the w2w inversion method from
Sec. 4.4 to project images of unrealistic identities (e.g., paintings, cartoons, etc.) onto the weights
manifold, and present these qualitative results in Fig. 8. By constraining the optimized model to live
in w2w space, the inverted identities are converted into realistic renditions of the stylized identities,
capturing prominent facial features. In Fig. 8, notice how the inverted identities generate a similar
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Figure 9: Scaling dataset of models further dis-
entangles classifier directions. We highlight the
trend in disentanglement of three examples where
attributes may be strongly correlated among iden-
tities. As the number of models is increased, the
features are less entangled.
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Figure 10: Scaling the number of models im-
proves identity preservation. As the span
of w2w space increases, inversion can recon-
struct single-image identities more faithfully, ap-
proaching the pseudo-upper bound of multi-image
Dreambooth (DB-LoRA).

blonde hairstyle and nose structure in the first example, defined jawline and lip shape in the second
example, and head shape and big nose in the last example. As also shown in the figure, the inverted
identities can also be translated to other artistic domains using text prompts. We present a variety of
domains projected into w2w space in Appendix D.

4.6 Effect of Number of Models Spanning w2w Space

We ablate the number of models used to create w2w space and investigate the expressiveness of the
resulting space. In particular, we measure the degree of entanglement among the edit direction and
how well this space can capture identity.

Disentanglement vs. the number of models. We find that scaling the number of models in our
dataset of weights leads to less entangled edit directions in w2w space (Fig. 9). We vary the number
of models in our dataset of weights and reapply PCA to establish a basis. We then measure the
absolute value of cosine similarity (lower is better) between all pairs of linear classifier directions
found for CelebA labels. We repeat this as we scale the number of model weights used to train the
classifiers. We report the mean and standard deviation for these scores, along with three notable
semantic direction pairs. We observe a trend in decreasing cosine similarity. Notably, pairs such as
“Black Hair - Pale Skin,” “Young - Bald,” and “Male - Beard” which may correlate in the distribution
of identities, become less correlated as we scale our dataset of model weights.

Identity preservation vs. the number of models. We observe that as we scale the number of models
in our dataset of weights, identities are more faithfully represented in w2w space (Fig. 10). We follow
the same procedure as the disentanglement ablation, reapplying PCA to establish a basis based on
the dataset of model weights. Next, following Sec. 4.4, we optimize coefficients for this basis and
measure the average ID score over the 100 inverted FFHQ evaluation identities. As each model
in our dataset encodes a different instance of an identity, growing this dataset increases the span
of w2w space and its ability to capture more diverse identities. We plot the average multi-image
Dreambooth LoRA (DB-LoRA) ID score from Sec. 4.4, which is agnostic to our dataset of models.
This establishes a pseudo-upper bound on identity preservation. Scaling enables w2w to represent
identities given a single image with performance approaching that of traditional Dreambooth with
LoRA, which uses multiple images and trains in a higher dimensional space.

5 Extending to Other Domains

We extend our hypothesis of interpretable linear weight subspaces in diffusion models to other visual
concepts beyond human identities. We apply the weights2weights framework to form a subspace
for models encoding different dog breeds. To create a dataset for fine-tuning, we generate images
with Stable Diffusion based on each of the 120 dog classes from ImageNet [11]. We then conduct
Dreambooth fine-tuning on each set of dog breed images to create a dataset of 120 dog-encoding
models, subsequently applying PCA. To find edit directions, we use GPT-4 [2] to create labels for
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Small Large Van Sports Car

Figure 11: weights2weights linear subspaces can be created for other visual concepts. We follow
the same procedure of applying PCA and finding edit directions with linear classifiers on datasets of
models encoding dog breeds and models encoding car types.

each dog breed (e.g., wavy hair or not) and then train linear classifiers on the model weight principal
component projections like Sec. 3.3. We apply the same framework to different car categories using
models fine-tuned on images from a dataset of 197 different car types [33]. We present results for
traversing edit directions in these two subspaces in Fig. 11. Each column represents samples from an
edited model. Each row shares the same fixed random generation seed.

Our results provide further evidence that diffusion models can encode visual concepts linearly. This
enables the creation of new models in a controlled manner via simple interpolation. For instance,
in Fig. 11, we rewrite the model’s learned concept of a small golden retriever to make it bigger, or
the model’s encoding of a red van to make it a sports car. Additionally, unlike older PCA-based
methods [6, 53, 61, 65] which rely on aligned pixels or keypoints of human faces, weights2weights
can extend to other domains beyond human identities. We refer the reader to Appendix G for more
results of applying w2w space to other visual concepts.

6 Limitations

Inversion Input

Figure 12: weights2weights fails to capture iden-
tities with undersampled attributes.

As with any data-driven method, w2w space in-
herits the biases of the data used to discover
it. For instance, co-occurring attributes in the
identity-encoding models would cause linear
classifier directions to entangle them (e.g. gen-
der and facial hair). However, as we scale the
number of models, spurious correlations will
drop as evidenced by Fig. 9. These semantic
directions are also limited by the labels present
in CelebA. Additionally, the span of the w2w
space is dictated by the models used to create it.
Thus, w2w space can struggle to represent more
complex identities as seen in Fig. 12. Inversion
in these cases amounts to projecting onto the closest identity on the weights manifold. Despite this,
our analysis on the size of the model dataset reveals that forming a space using a larger and more
diverse set of identity-encoding models can mitigate this limitation.

7 Discussion and Broader Impact

We presented a paradigm for representing diffusion model weights as a point in a subspace defined
by other customized models – weights2weights (w2w) space. This enabled applications analogous
to those of a generative latent space – inversion, editing, and sampling – but producing model
weights rather than images, resulting in what we term a meta-latent space. We demonstrated these
applications on model weights encoding human identities and extended this space to other visual
concepts. Although these applications could enable malicious manipulation of real human identities
and model weights, we hope the community uses the framework to explore visual creativity as well
as utilize this interpretable space for controlling models for safety.
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A Sampling

We present additional examples of models sampled from w2w space in Fig. 13. The sampled models
encode a diverse array of identities which are not copied from the dataset of model weights, as seen
by comparing them to the nearest neighbor models from the training set. However, there are attributes
borrowed from the nearest neighbors which visually appear in the sampled identity. For instance, the
sampled man in the first row shares a similar jawline to the nearest neighbor identity. The sampled
identities also demonstrate the same ability as the original training identities to be composed into
novel contexts. A variety of prompts are used in Fig. 13 and the identities are still consistent.

Sampled Identity Nearest Neighbor

Figure 13: Sampled identity-encoding models from w2w space and their nearest neighbor models.
The sampled identities share some characteristics with the nearest neighbors, but are still distinct.
These identities can also be composed into novel contexts like a standard customized diffusion model.

16



B Model Editing in w2w Space

Qualitative Results. We display additional examples of applying edits in w2w space based on the
directions discovered using linear classifiers and CelebA labels. In Fig. 14, we demonstrate how the
strength of these edits can be modulated and combined with minimal interference. These edits are
apparent even in more complex scenes beyond face images. Also, the edits do not degrade other
present concepts, such as the dog near the man (top left example).

In Figs. 15 and 16, we demonstrate how multiple edits can be progressively added in a disentangled
fashion with minimal degradation to the identity. Additionally, since we operate in a subspace
of weight space, these edits persist with a consistent appearance across different generations. For
instance, even the man exhibits the edits as a painting in Fig. 15.
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Figure 14: Multiple edits can be controlled in a continuous manner.
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Original +Chubby +Mustache +Big Eyes +Balding Original +Flat Brows +Bangs +Straight Hair +Old

Original +Chubby +Mustache +Big Eyes +Balding Original +Flat Brows +Bangs +Straight Hair +Old

Figure 15: Composing four different edits with minimal identity degradation. These edits bind to
the identity and persist in appearance across multiple generation seeds and prompts.
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Original +Pale +Small Lips +Male

Original +Pointy Nose +Eye Bags +Big Lips

Original +Cheekbones +Curls +Thick Brows

Figure 16: Additional examples of composing multiple edits. We provide more examples of
semantic edits based on labels available from CelebA.
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User Study. We present a two-alternative forced choice (2AFC) user study to evaluate the quality
of identity edits in Tab. 3. Twenty-five users were given ten sets of images. Each set contained a
randomly sampled original image of an identity, and then an image of that identity edited for an
attribute using Concept Sliders [17], w2w, and text prompting. Users were then asked to choose
between alternate pairs based on three criteria: identity preservation, alignment with the desired edit,
and disentanglement. Our results in Tab. 3 show that users have a strong preference towards w2w
edits. User instructions and an example question from the study are provided in Figs. 17, 18.

Table 3: User study on identity editing.
Method Win Rate (%) ↑
Sliders 28.4
w2w 71.6

Prompting 12.8
w2w 87.2

Figure 17: Instructions provided to users for the identity editing user study.

Figure 18: Example question from the identity editing user study.
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C Inversion

We present additional details on w2w inversion and comparisons against training Dreambooth LoRA
on a single image vs. multiple images.

Implementation Details: To conduct w2w inversion, we train on a single image following the
objective from eq. 3. We qualitatively find that optimizing 10,000 principal component coefficients
balances identity preservation with editability. This is discussed in Appendix F. We optimize for
400 epochs, using Adam [30] with learning rate 0.1, β1 = 0.9, β2 = 0.999 and with weight decay
factor 1e-10. For conducting Dreambooth fine-tuning, we follow the implementation from Hugging
Face 3 using LoRA with rank 1. To create a dataset of multiple images for an identity, we follow the
procedure from Sec. 4.4.

w2w inversion is more efficient than previous methods. Inversion into w2w space results in a
significant speedup in optimization as seen in Tab. 4, where we measure the training time on a
single NVIDIA A100 GPU. Standard Dreambooth fine-tuning operates on the full weight space
and incorporates an additional prior preservation loss which typically requires hundreds of prior
images. In contrast, we only optimize a standard denoising objective on a single image within a
low-dimensional weight subspace. Despite operating with lower dimensionality, w2w inversion
performs closely to standard Dreambooth fine-tuning on multiple images with LoRA.

Table 4: Inversion into w2w space balances identity preservation and efficiency.
Method Single-Image # Param Opt. Time (s) Identity Fidelity ↑
DB-LoRA × 99,648 220 0.69± 0.01
DB-LoRA ✓ 99,648 200 0.43± 0.03
w2w Inversion ✓ 10,000 55 0.64± 0.01

Qualitative Inversion Comparison. In Figs. 19 and 20, we present qualitative comparisons of w2w
inversion against Dreambooth trained with multiple images and a single image. Although mult-image
Dreambooth slightly outperforms w2w inversion in identity preservations, its samples tend to lack
realism compared to w2w inversion. We hypothesize that this may be due to using generated images
for prior preservation and training on synthetic identity images. Dreambooth trained on a single
image either generates an artifacted version of the original image or random identities. Notice how
inversion into w2w space is even able to capture key characteristics of the child although babies are
nearly to completely absent in the identites based on CelebA used to fine-tune our dataset of models.
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Figure 19: Inversion into w2w space preserves identity and realism. We compare against Dream-
booth fine-tuning with LoRA on multiple images and a single image.

3https://github.com/huggingface/peft
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Figure 20: Inversion into w2w space preserves identity and realism (cont.).
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Comparison against Single Image Personalization Methods. We compare w2w inversion to
single shot personalization methods Celeb-Basis [73] and IP-Adapter FaceID4 [72], following the
same evaluation protocol from Sec. 4.4. These quantitative results are presented in Tab. 5. While
Celeb-Basis optimizes in the input text embedding space for a given face image, IP-Adapter trains
light-weight adapters [39, 75] to condition generation on any input face image.

We further conducted a two-alternative forced choice (2AFC) user study on the perceptual quality
of w2w identity preservation. Twenty users were given ten sets of images. Each set contained a
randomly sampled original image of the identity, and then three random images generated using
IP-Adapter FaceID, Celeb-Basis, and w2w with the same random prompt. Users were then asked
to choose between alternate pairs based on three criteria: identity preservation, prompt alignment,
and diversity of generated images. Our results in Tab. 6 show that users found generations from w2w
models capture identity better while also generating more diverse images that better align with the
prompts.

Across both these metrics, w2w performs stronger than Celeb-Basis and IP-Adapter FaceID. Our
results indicate that operating in our weight subspace is highly expressive and flexible as it is able to
faithfully capture nuanced identity without overfitting to the input image. For instance, in Fig. 21,
w2w inversion enables diverse generation with various poses, facial expressions, and clothing while
maintaining identity.

Table 5: Single-shot personalization com-
parison.

Method ID Score ↑
Celeb-Basis 0.60± 0.02

IP-Adapter FaceID 0.62± 0.02
w2w 0.64± 0.01

Table 6: User study on identity inversion.
Method Win Rate (%) ↑

Celeb-Basis 13.4
w2w 86.6

IP-Adapter FaceID 22.8
w2w 77.2

Original “A photo of V1 person”
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Figure 21: Qualitative comparison of single-shot personalization methods.

4https://huggingface.co/h94/IP-Adapter-FaceID
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Below in Figs. 22 and 23, we provide the instructions provided to users for the identity inversion user
study in addition to an example question.

Figure 22: Instructions provided to users for the identity inversion user study.

Figure 23: Example question from the identity inversion user study.
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D Out of Distribution Projection

Additional examples of out-of-distribution projections are displayed in Fig. 24. A diverse array of
styles and subjects (e.g. paintings, sketches, non-humans) can be distilled into a model in w2w space.
After embedding an identity into this space, the model still retains the compositionality and rich
priors of a standard personalized model. For instance, we can generate images using prompts such
as “[v] person writing at a desk” (top example), “[v] person with a dog” (middle example), or “a
painting of [v] person painting on a canvas” (bottom example).

ProjectionInput

ProjectionInput

ProjectionInput

Figure 24: Projection into w2w space generalizes to a variety of inputs. A range of styles and
entities can be inverted into a realistic identity in this space. Once a model is obtained, it can be
prompted to generate the identity in a variety of contexts.

25



E Identity Datasets

In Fig. 25, we present examples of synthetic identity datasets used to conduct our Dreambooth
fine-tuning as discussed in Sec 4. Each dataset is a set of ten images generated with [67] conditioned
on single CelebA [36] images associated with binary attribute labels. Note that we only display a
subset of images per identity in the figure. The same identity can occur multiple times in different
images in CelebA but have different appearances. So, creating these synthetic datasets reduces
intra-dataset diversity and creates a more consistent appearance for each subject. For instance, the
first two rows in the figure are the same identity, but look drastically different. So we instead treat
them as different identities associated with a different set of images.

For evaluating identity edits from Sec. 4.3, we hold out 100 identities, which results in leaving
out ∼1000 models since multiple models may encode different instances of the same identity. For
instance, if we left out the model encoding the identity in the first row of Fig. 25 for evaluation, the
model encoding the second row identity would also be left out since it encodes the same identity but
a different instance.

CelebA Prior Generated Dataset Examples

Figure 25: Fine-tuning on synthetic examples allows Dreambooth fine-tuning to distill a con-
sistent identity. The left column shows a CelebA image used to condition generation of a set of
identity-consistent images in the right column associated with that identity using [67]. The consistent
appearance of the identity enables a more consistent identity encoding.
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F Principal Component Basis

In this section, we analyze various properties of the Principal Component (PC) basis used to define
w2w Space. We investigate the distribution of PC coefficients and the effect of the number of PCs on
identity editing and inversion.

Distribution of PC Coefficients. We plot the histogram of the coefficient values for the first three
Principal Components in Fig. 26. They appear roughly Gaussian. Next, we rescale the coefficients
for these three components to unit variance for visualization purposes. We then plot the pairwise
joint distributions for them in Fig. 27. The circular shapes indicates roughly diagonal covariances.
Although the joint over other combinations of Principal Components may exhibit different properties,
these results motivate us to model the PCs as independent Gaussians, leading to the w2w sampling
strategy from Sec. 3.2.

Number of Principal Components for Identity Editing We empirically observe that training
classifiers based on the 1000 dimensional PC representations (first 1000 PCs) of the model weights
results in the most semantically aligned and disentangled edits directions. We visualize a comparison
for the “goatee" direction in Fig. 28. After finding the direction, we calculate the maximum projection
component onto the edit direction among the training set of model weights. This determines the edit
strength. As seen in the figure, restricting to the first 100 Principal Components may be too coarse
to achieve the fine-grained edit, instead relying on spurious cues such as skin color. Training with
the first 10,000 Principal Components suffers from the curse of dimensionality and the discovered
direction may edit other concepts such as eye color or clothes. Finding the direction using the first
1000 Principal Components achieves the desired edit with minimal entanglement with other concepts.

Number of Principal Components for Identity Inversion We qualitatively observe that inversion
using the first 10,000 Principal Components balances identity preservation while not overfitting to the
source image. We visualize a comparison in Fig. 29, where each column has a fixed seed and prompt.
Optimizing with the first 1000 PCs underfits the identity and does not generate a consistent identity.
Inversion with the first 20,000 Principal Components overfits to the source image of a face shot,
which results in artifacted face images despite different generation seeds and prompts. Optimizing
with the first 10,000 Principal Components enjoys the benefits of a lower dimensional representation
than the original LoRA parameter space (∼100,000 trainable parameters), while still preserving
identity and compositionality. This is supported quantitatively by Fig. 30, which shows the average
ID score for 100 inverted FFHQ identities optimized over a varying number of principal components.

Figure 26: Histogram of principal component coefficients. The first three principal component
coefficients appear approximately Gaussian.

Figure 27: Pairwise joint histogram of principal component coefficients. We rescale the first three
principal component coefficients and plot the pairwise joint distributions for visualization purposes.
Given that the marginals are roughly Gaussian, the circular appearance of the joint suggests pairwise
independence for the first three components.
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Original T=1000 T=800 T =600
+Chubby+Goatee

Original 100 PCs 1000 PCs 10000 PCs

Figure 28: Edit results with varying number of Principal Components. Training classifiers to
find semantic weight space directions with the first 1000 Principal Components achieves the most
semantically aligned and disentangled results.

Inversion with 20000 PCs

Inversion with 1000 PCs

Inversion with 10000 PCs

Input

Figure 29: Identity inversion results with varying number of principal components. We optimize
the coefficients for the first 1000, 10, 000, and 20, 000 Principal Component. Each column indicates
a fixed generation seed and prompt. Inversion with the first 10, 000 components balances parameter
efficiency, realism, and identity preservation without overfitting to the single image.
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Figure 30: Identity preservation vs. number of principal components used for w2w inversion.
We optimize the coefficients for the first N principal components up to 20,000 and measure the
average ID score for 100 inverted FFHQ identities.
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Visualizing Principal Components. We provide a visualization of traversals along a set of principal
components in Fig. 31. The principal components change attributes of the identity, although various
semantic attributes are entangled. For instance, the first PC appears to change age, hair color, and hair
style. The second PC appears to change gender and skin complexion. The third PC seems to change
age, skin complexion, and facial hair. This motivates our use of linear classifiers to find separating
hyperplanes in weight space and disentangle these attributes.

Figure 31: Traversal along the first three principal components in w2w space. The directions
encode various entangled identity attributes such as age, gender, and facial hair.
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G weights2weights for Other Visual Concepts

We find that similar subspaces can be created for other visual concepts beyond human identites. For
instance, we apply the weights2weights framework to create two subspaces for models encoding
different dog breeds and models encoding car types. We present examples of editing these models in
Fig. 32. This suggest the generality of weights2weights and linear subspaces within diffusion model
weights.

Figure 32: Applying weights2weights edits on dog-encoding models and car-encoding models.
We create two datasets of model weights and apply PCA to define two separate weight subspaces.
We then train linear classifiers to find semantic edit directions.
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H Multi-Concept Merging

Multiple models living in w2w space cannot be merged since they live in the same weight subspace.
So, merging will lead to interpolation of the identities. However, w2w models can be merged with
models lying approximately orthogonal to the subspace. This merging can be done adding the weights.
We present an example of merging a model living in w2w space with a model fine-tuned to encode
“Pixar" style in Fig. 33.

Figure 33: Merging w2w models with non-identity models. Here, another model is fine-tuned to
map V2 to “Pixar” style. The two models are merged with simple addition.

I Timestep Analysis

Edits in w2w space correspond to identity edits with minimal interference with other visual concepts.
Although not a focus, image editing is achieved as a byproduct. For further context preservation,
edits in w2w Space can be integrated with delayed injection [7, 17, 35, 71], where after T timesteps,
the edited weights are used instead of the original ones. We visualize this in Fig. 34. Larger T in the
range [700, 1000] are helpful for more global attribute changes, while smaller [400, 700] can be used
for more fine-grained edits. However, by decreasing the timestep T , the strength of the edit is lost in
favor of better context preservation. For instance, the dog’s face is better preserved in the second row
at T = 600, although the man is not as chubby compared to other T .

Original T=1000 T=800 T =600
+Chubby

Figure 34: Injecting edited weights at varying timesteps. Using the edited weights at a smaller
timestep T better preserves context at the expense of edit strength and fidelity.
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NeurIPS Paper Checklist
1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?
Answer: [Yes]
Justification: Experiments in the paper back up the claims made in the abstract and introduc-
tion.
Guidelines:

• The answer NA means that the abstract and introduction do not include the claims
made in the paper.

• The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

• The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

• It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: There is a dedicated limitations section in Sec. 6 detailing failure cases.
Computational efficiency is addressed in Sec. C and scale is addressed in Sec. 4.6. Privacy
and fairness is addressed in Sec. 7.
Guidelines:

• The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

• The authors are encouraged to create a separate "Limitations" section in their paper.
• The paper should point out any strong assumptions and how robust the results are to

violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

• The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

• The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

• The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

• If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

• While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory Assumptions and Proofs
Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?
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Answer: [NA]

Justification: There are no theoretical results in the submission.

Guidelines:

• The answer NA means that the paper does not include theoretical results.
• All the theorems, formulas, and proofs in the paper should be numbered and cross-

referenced.
• All assumptions should be clearly stated or referenced in the statement of any theorems.
• The proofs can either appear in the main paper or the supplemental material, but if

they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

• Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

• Theorems and Lemmas that the proof relies upon should be properly referenced.

4. Experimental Result Reproducibility
Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: Secs. 3, 4 and the Appendix detail all necessary steps to reproduce the results.
We plan to release the model weights we trained.

Guidelines:

• The answer NA means that the paper does not include experiments.
• If the paper includes experiments, a No answer to this question will not be perceived

well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

• If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

• Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

• While NeurIPS does not require releasing code, the conference does require all submis-
sions to provide some reasonable avenue for reproducibility, which may depend on the
nature of the contribution. For example
(a) If the contribution is primarily a new algorithm, the paper should make it clear how

to reproduce that algorithm.
(b) If the contribution is primarily a new model architecture, the paper should describe

the architecture clearly and fully.
(c) If the contribution is a new model (e.g., a large language model), then there should

either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code
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Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: Code, data, and weights can be found through the project page at: https:
//snap-research.github.io/weights2weights/

Guidelines:

• The answer NA means that paper does not include experiments requiring code.
• Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

• While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

• The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

• The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

• The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

• At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

• Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLs to data and code is permitted.

6. Experimental Setting/Details
Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]

Justification: We present data splits, hyperparameters, etc. in Secs. 3, 4, and the Appendix.

Guidelines:

• The answer NA means that the paper does not include experiments.
• The experimental setting should be presented in the core of the paper to a level of detail

that is necessary to appreciate the results and make sense of them.
• The full details can be provided either with the code, in appendix, or as supplemental

material.

7. Experiment Statistical Significance
Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [Yes]

Justification: Confidence intervals are reported for the results in the experiments.

Guidelines:

• The answer NA means that the paper does not include experiments.
• The authors should answer "Yes" if the results are accompanied by error bars, confi-

dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

• The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).
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• The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

• The assumptions made should be given (e.g., Normally distributed errors).
• It should be clear whether the error bar is the standard deviation or the standard error

of the mean.
• It is OK to report 1-sigma error bars, but one should state it. The authors should

preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

• For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

• If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

8. Experiments Compute Resources
Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: The appendix details the compute resources used.

Guidelines:

• The answer NA means that the paper does not include experiments.
• The paper should indicate the type of compute workers CPU or GPU, internal cluster,

or cloud provider, including relevant memory and storage.
• The paper should provide the amount of compute required for each of the individual

experimental runs as well as estimate the total compute.
• The paper should disclose whether the full research project required more compute

than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

9. Code Of Ethics
Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]

Justification: The authors have read the NeurIPS Code of Ethics and confirm that the paper
conforms with it.

Guidelines:

• The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.
• If the authors answer No, they should explain the special circumstances that require a

deviation from the Code of Ethics.
• The authors should make sure to preserve anonymity (e.g., if there is a special consid-

eration due to laws or regulations in their jurisdiction).

10. Broader Impacts
Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: Broader impacts has a dedicated section in Sec. 7.

Guidelines:

• The answer NA means that there is no societal impact of the work performed.
• If the authors answer NA or No, they should explain why their work has no societal

impact or why the paper does not address societal impact.
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• Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

• The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

• The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

• If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

11. Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]

Justification: This work utilizes pretrained models and well-established datasets that already
have proper safeguards in place.

Guidelines:

• The answer NA means that the paper poses no such risks.
• Released models that have a high risk for misuse or dual-use should be released with

necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

• Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

• We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

12. Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]

Justification: The original creators of assets are either cited or linked.

Guidelines:

• The answer NA means that the paper does not use existing assets.
• The authors should cite the original paper that produced the code package or dataset.
• The authors should state which version of the asset is used and, if possible, include a

URL.
• The name of the license (e.g., CC-BY 4.0) should be included for each asset.
• For scraped data from a particular source (e.g., website), the copyright and terms of

service of that source should be provided.
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• If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

• For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

• If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.

13. New Assets
Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?
Answer: [NA]
Justification: No assets are being submitted.
Guidelines:

• The answer NA means that the paper does not release new assets.
• Researchers should communicate the details of the dataset/code/model as part of their

submissions via structured templates. This includes details about training, license,
limitations, etc.

• The paper should discuss whether and how consent was obtained from people whose
asset is used.

• At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

14. Crowdsourcing and Research with Human Subjects
Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?
Answer: [Yes]
Justification: Screenshots and instructions are provided for both identity editing and identity
inversion user studies.
Guidelines:

• The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

• Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

• According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

15. Institutional Review Board (IRB) Approvals or Equivalent for Research with Human
Subjects
Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?
Answer: [NA]
Justification: Potential risks are not applicable.
Guidelines:

• The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

• Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.
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• We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

• For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
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