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Abstract

Simulation-based inference (SBI) has become a widely used framework in applied
sciences for estimating the parameters of stochastic models that best explain ex-
perimental observations. A central question in this setting is how to effectively
combine multiple observations in order to improve parameter inference and obtain
sharper posterior distributions. Recent advances in score-based diffusion methods
address this problem by constructing a compositional score, obtained by aggre-
gating individual posterior scores within the diffusion process. While it is natural
to suspect that the accumulation of individual errors may significantly degrade
sampling quality as the number of observations grows, this important theoretical
issue has so far remained unexplored. In this paper, we study the compositional
score produced by the GAUSS algorithm of Linhart et al. (2024) and establish an
upper bound on its mean squared error in terms of both the individual score errors
and the number of observations. We illustrate our theoretical findings on a Gaussian
example, where all analytical expressions can be derived in a closed form.

1 Introduction

Probabilistic approaches to inverse problems (Tarantola, 2005) aim at inferring parameters 6 of a
stochastic model from its outputs x through the posterior distribution p(8|x). Directly sampling
from this posterior is often difficult in practice, since the associated likelihood p(x|0) is frequently
intractable. To address this, simulation-based inference with conditional score-based modeling (Shar-
rock et al., 2024) approximates the posterior by learning a time-dependent conditional estimate
54(0, x,t) of the score of noisy versions of the posterior, Vg log p;(6|x). Importantly, this training
relies only on joint samples (0;, x;) ~ p(0, ) which can be obtained sequentially as 6; ~ \(6),
the prior, and then x;|0; ~ p(x|0;), thus circumventing the need to evaluate the likelihood (see
Appendix A.1 for details). A central question in this line of work is how the denoising score matching
mean squared error, denoted €34, affects the quality of samples obtained via a backward diffusion
process (see Figure 1). Recent results by Gao et al. (2025) provide explicit bounds on the Wasserstein
error of the approximate samples in terms of €3, and the discretization hyperparameters (number

EurIPS 2025 Workshop on Principles of Generative Modeling (PriGM)



small e3ey large &8s

24 1 - Figure 1: Contours represent
’ ; the true target posterior distri-
bution p (see Appendix A.2.1
for details), either conditioned
on a single observation (top
row) or eleven of them (bot-
tom row): increasing the num-
ber of conditional observations
sharpens the posterior and al-
lows for better inference. Scat-
27 1 .. tered points in red are samples

~ 14 s 1 from p obtained by a diffusion
< ol :@ | @ process with an inexact score
; N estimate with mean squared er-

ror ehgn: larger errors tend to
-2 1 bias the sampling and degrade
_34 | its quality.

p(6 | xo)

of steps, step size) used in the backward process. These results imply that one can reach a prescribed
sampling accuracy (in Wasserstein distance) either by tuning the diffusion hyperparameters or by
improving the accuracy of the score estimator.

We extend this setting to n IID observations, with the goal of inferring parameters from the posterior
p(8|x1.,). In practice, additional observations improve inference, as the posterior concentrates
with growing n (see Figure 1). Recent works (Linhart et al., 2024; Geffner et al., 2023; Arruda
et al., 2025; Gloeckler et al., 2025) propose a compositional score approach: instead of directly
approximating Vg log p:(0|x1.,) with a highly complex network, they aggregate individual posterior
scores $4(0,x;,t) =~ Vglogp:(0|x;). The resulting compositional score can then be used in
backward diffusion or annealed Langevin dynamics to sample from the multi-observation posterior.
Importantly, if we can bound the error of the compositional score estimate, then we can guarantee
convergence of our sampling to the target multi-observation posterior in terms of Wasserstein distance
(Gao et al., 2025).

However, while the error of each individual score estimate can be controlled during training time, the
error of the aggregated compositional score arises from the accumulation of individual errors as n
grows. To the best of our knowledge, this accumulation effect has not been theoretically analyzed
so far. Here we address this gap: focusing on the compositional score (1) defined by the GAUSS
algorithm of Linhart et al. (2024), we derive in Proposition 2 an upper bound on the mean squared
error (MSE) of its estimate (2) as a function of the n individual score errors.

2 Background on compositional score estimation with GAUSS

Linhart et al. (2024) adopt the common assumption (Sohl-Dickstein et al., 2015) that the backward
kernels of the diffused prior and the diffused individual posteriors can be well approximated by
Gaussian distributions for all times ¢ € [0, 7] of a diffusion process, namely

Q(’)\p(ao\et) = N (60; 112.1(6:),%:.2(0)) and Goy¢(00|0:, ;) = N (805 111,(6:), %1 ;(9)),

with j € {1,...,n}. In addition, their GAUSS algorithm assumes that both the prior and each indi-
vidual posterior are themselves Gaussian, ' (0; ux, Xy ) and N'(0; 11, £;). Under this assumption,
the diffused covariances YJ; » and ¥ ; are fully determined and, 1mportantly, no longer depend on 6.
With these simplifications, the diffused compositional score takes the form

Ve logpi(0|xy1.,) = At <Z %, Velogpi(0lx;) — (n — 1)%, Vg log Me)) , (D

where A = Z Y- (n— DX, i Note that the compositional score (1) does not stem from the
simple addltlon of the n individual scores, as it aims at correctly approximating the true score of a



noisy version of the multi-observation posterior for some specific noise level prescribed by a classical
diffusion process. For most priors used in the SBI literature (Gaussian, Uniform, log-Normal), the
diffused score Vg log \;(0) has a closed-form expression and therefore introduces no error (Sharrock
et al., 2024). In contrast, Equation (1) also involves the scores of the individual posteriors, which
are only available through the approximations s, (0, x;,t) and thus contribute to errors E%SM’ i A
further source of bias comes from the estimation of the covariance matrices ¥, and >;. Covariance
> can be approximated by the empirical covariance of prior samples. However, for each posterior
one must simulate a backward diffusion process using the approximate score s4(0, x;,t) to generate

samples from p(0|x;) ~ p(@|x,), and then compute the empirical covariance X ;. The estimator for
the compositional score (1) is then written as:

$(0, 1., t) = At Zi;}%(a,wj,t) —(n— 1)5];’)1\V9 log A\:(0) | . 2)

j=1

In what follows, we derive an upper bound on the mean squared error of this estimator in terms of the
individual score errors eQDSM’ ;» the errors incurred in estimating the precision matrices ¥y " and Zj’l,
and the number of observations n. We use ||.|| to refer either to the Euclidean norm when applied to
vectors, or spectral norm when applied to matrices.

3 Contributions

We first derive an upper bound on the error of the estimator for the precision matrices, noting that
for the GAUSS algorithm the errors ||3; ]1 -3 jl || at each ¢ € [0, T'] are directly related to the initial

estimation error ||E;1 - Z;l |I, which in turn depends on the sampling quality from each individual
posterior. Since Gaussian distributions are smooth log-concave, we can use the aforementioned
results from Gao et al. (2025) to tune the discretization hyperparameters of each backward diffusion
process and drive the individual score error €2DSM, ; sufficiently low to achieve a prescribed small
Wasserstein error. The following proposition (proof in Appendix A.3.2) provides a bound on the
precision estimation error as a function of a fixed Wasserstein error 7.

... .. . . . S )
Proposition 1 (Precision matrix error). Choosing 0 < 1 < min ( 120 5 I AL B ”)) we get
~ ~ ~ B 2—1 2
Wa(p,p) <n= X -2 <v= 27 =27} §17_7|2||1”7

where

1=
= (2¢/2|T 21 +v2)) ————=— >0,
7= (2V25ln + 721 + V) EEEE

and function f : Ri — Ry is defined in Appendix A.3.2.

‘We now propose an upper bound on the MSE between the compositional score (1) and its estimate (2)
for any time ¢ € [0, 7] of the diffusion process as a function of the individual score errors, the
precision estimation errors and the number of observations n. For simplicity, we assume a Gaussian
prior, leading to closed-form formula for the corresponding scores and the precision matrices X, /{
(a more general result is stated in Appendix A.5.2). We also assume that individual posterior score
errors E%SNL ;(resp. precision errors) are bounded by the same constant €2y (resp. €). Note that in
practice, the error € can be directly linked to the Wasserstein error 7 of each diffusion process, and
thus indirectly to €3 g, as stated in Proposition 1. Finally, all constants, except €, are time-dependent
(proof in Appendix A.4).

Proposition 2 (Compositional score error). Let 1) be chosen as in Proposition 1 and denote

M = max; HZt_le with L = max; Eg-p, (|a:.,) (I[V1ogp:(0]x;)]?)

My >S5 with Ly > Egp, (., (IV10g A(0)]1%) .



Suppose that Egy,(,.,) (Vo 10g pr(8];) — 54(8, 25, 1)[2) < by and |7 = £71| < e for
all j = 1,...,n such that ne < ﬁ Then it holds

_ ne|| A=Y M
Bt (1710860 | 21) = 500,10 O1F] < (0= DA~ VEy (195100 )
nelA~L(M + 0

1 — nel|A—1|

2
+n||[A7 (VL + epsm) <e+ ) + ||A_1||nMeDSM} .

If epswm is sufficiently small and accompanied by a proper choice of diffusion hyperparameters such
that Wo(p(0 | x;),p(0 | z;)) < nforall j =1,...,n (Proposition 4 in Gao et al., 2025), then the
precision estimation error € can be further bounded using Proposition I and .
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Figure 2: Solid lines stand for the evolution of the empirical MSE of the compositional score estimate (2)
computed with the algorithm GAUSS at different times ¢ € [0, 1] of a diffusion process for the 2D Gaussian
example (see Appendix A.2.1). Dashed lines represent the evolution of the theoretical bound of the afore-
mentioned compositional score error derived in Proposition 2. The empirical and theoretical evolutions are
represented with respect to (A) the precision estimation error € assuming exact individual scores are known,
(B) the number of conditional observations n and (C) the individual score error 62DSM that contributes both
directly to the compositional score error and indirectly through the precision estimation. The choice of the fixed
parameters, especially € in panel (B) and (C), is discussed in detail in Appendix A.2.2.

Remark. In the assumptions of Proposition 2, we bound the individual score error in expectation over
the multi-observation posterior, although one could argue that it would be more natural to bound in
expectation over each individual posterior. This choice is questionable, but it ensures that individual
score estimates provide good approximations on both the support of the multi-observation posterior,
which is our real target, and on the support of each individual posterior (see Appendix A.6 for details).

Numerical illustrations. We showcase our theoretical bound on a Gaussian example (see Ap-
pendix A.2.1 for more details) where all true scores can be analytically computed and for which
the Gaussianity assumption of both the backward kernels and the individual posteriors happens to
be verified : in this setting, the compositional score (1) corresponds to the true score; therefore, no
source of error stemming from external assumptions interferes with the analysis of the compositional
MSE. We compare the evolution of our bound to that of the compositional score error obtained
empirically, depending on the number of conditional observations n, the precision estimation error e
and the individual score error €%q,,. When all individual scores are perfectly known (), = 0), the
sole intrinsic source of error associated with the compositional score (2) stems from the precision
estimation error €, which itself depends only on the discretization hyperparameters of each individual
diffusion process and the number of samples used to compute each empirical precision matrix. In
such a case, Figure 2(A) shows that our upper bound successfully captures the global trend of the
empirical error. As the number of conditional observations n grows, the empirical compositional
score error and our theoretical bound surprisingly do not blow up but rather tend to stabilize more or
less quickly depending on the diffusion time: ||A~!|| (appearing in both Equation (1) and our bound)
indeed hides a dependence in 1/n that seems to counterbalance the simple accumulation of the n
individual score errors. Our bound follows this trend especially for large n and/or advanced diffusion
times as seen in Figure 2(B). Finally, Figure 2(C) shows that our theoretical bound well captures the
global evolution of the empirical score error for individual score errors €y, > 0.01 but seems to



be a bit large for smaller values: the empirical evolution seems to be O(efq,,) while our theoretical
bound contains a constant term C' and is thus in O(e}qy; + epsm + C), which biases the evolution.

Conclusion and perspectives. We provide a bound on the mean squared error between the composi-
tional score (1) and its estimate (2) as a function of the n individual score errors and the precision
estimation error, that is specific to the algorithm. Note that we do not try to quantify the error made
by the Gaussian approximations of backward kernels in our analysis, but rather provide a bound for
a compositional score estimate computed according to the GAUSS method. Our upper bound could
be used to derive convergence bounds for diffusion process using such compositional estimate or
even tune the corresponding diffusion discretization hyperparatemeters to achieve a better sampling
quality from the multi-observation posterior. Also, our analysis allows to better understand the effect
of each source of errors involved in the compositional estimate (2) as well as the link between the
precision estimation error and the individual score error.

It would be interesting to extend our error analysis to other methods for estimating precision matrices,
in particular those keeping a dependence in @ for such matrices (e.g. JAC algorithm, see Linhart
et al., 2024): indeed, the algorithm GAUSS conveniently renders the precision matrices independent
of 0 but at the cost of a strong Gaussianity assumption on each individual posterior. Note that our
upper bound remains valid for these other types of estimation methods, if we consider bounding
supg [|X:,;(0) —X¢;(0)]]2 and not Eg.p, (g(ay..)[|2¢,;(8) — t,5(0)||2 as it is done in Proposition 2
for individual score errors.
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A Technical Appendices and Supplementary Material

A.1 Conditional score-based modelling

We consider a stochastic model M, encoded in a simulator, that outputs observations x depending on
some parameters 8. We encode knowledge about the parameter space through a prior distribution
A(0) and consider the case where the likelihood p(x | 8) of M is intractable. Given some specific
observation x, the goal of Bayesian inference is to sample from the posterior distribution p(0 | xg)
relating the parameters to this specific observation. One way to avoid likelihood evaluations while
obtaining the desired samples is to run a (conditional) diffusion process, which requires learning the
score of all noisy versions of the posterior distribution Vg logp: (0 | o). As posterior samples are
not directly accessible, conditional score-based modeling usually trains a conditional score estimate
54(0, x,t) by minimizing the following loss in ¢ on the joint model p(0, x) = A(0)p(x | 6):
T
L(g) = ZVEEBNA(e)Emwp(m\e)Ee,th‘O(Bt|9) ([I6(6¢, ,t) — V1og gy0(6; | 6)]|]

t=1

where ~; are positive weights and g;|o denotes a forward diffusion kernel. This loss is the traditional
denoising score matching loss for unconditional distributions (Sohl-Dickstein et al., 2015) averaged
over the observation space. With this averaging operation it becomes easy to create a training dataset
(6;,z;) ~ p(0,x) and use a Monte-Carlo approximation of £. Also, the final score estimate s
becomes a valid score approximation for individual posteriors conditioned by any x, i.e.:

$¢(0,x,t) ~ Vologp (0 | ) YV~ p(x),Vt e [0,T],V0 ~ p,(0 | x).

If we need to estimate the score of p;(0 | x1) where x; is a new observation different from x, it
is sufficient to evaluate our estimate at a1, i.e. s4(@,1,t) without having to train another score
estimate from scratch.

A.2 Gaussian test case

A.2.1 Theoretical setting

We consider a Gaussian prior defined as A(6) = N (0; 11, ) and a Gaussian simulator model (or
likelihood) defined as p(x | @) = N (x; 0,%). The goal of Bayesian inference is to determine the
mean @ € RY of the Gaussian simulator model, given some specific observation @¢. This boils down
to sampling from the posterior distribution that is also Gaussian

p(a | 330) :N(G;Mpost(wO)vzpost)y

where Epost = (371 + E;l)’l and fpost (To) = Spost (S 1o + Z;\luA).
When we have multiple IID observations @1, . . . , &, (generated by the same ), the multi-observation
posterior remains Gaussian:

p(0 | T1.n) = N(9§ Hpost(mlzn)v Epost(n))v

where X050 (1) = (nE71 + 27 7 and fipost (T1:0) = Spost () (7 S, + 531wy ). If we
follow a Variance-Preserving diffusion process, then the forward transition kernels read as follows:

Qt\o(et | 6p) = N(9t§ \/CTtOOv (1—a)I) Vtel0,T].

We can then analytically find the expressions of the individual posterior scores and prior scores over
time as well as the true multi-observation posterior scores (see Appendix D in Linhart et al. (2024)):

Vologp:(8 | ;) = —(Spost + (1= cr)I) (8 — v/Aripost (1)),
Volog \i(0) = — (s + (1 — a)T) (8 — aguy),
VG IOgPt(a | xl:n) - _(atzpost(n) + (]- - at)1)71(0 - \/OTt,U/post(mlzn))'

A.2.2 Numerical illustration

We propose a numerical illustration that aims at testing the quality of our upper bound with respect to
one source of error, leaving the others fixed. We use the theoretical setting described in Appendix A.2.1
where the dimension d = 2.

In panel (A) of Figure 2, we fix the number of conditional observations n and assume exact individual
scores (€3 = 0) : the sole source of error comes from the precision estimation error €. In practice,



it can be impacted by the choice of discretization parameters during the backward process and the
number of samples used to compute each empirical precision matrix.

In panel (B), we fix efqy; and let n grows from 1 to 50. The precision error € used in the bound is
fixed but chosen according to €3, : we empirically compute the precision error of the 50 diffusion
processes (one per conditional observation) and take the largest value.

In panel (C), we fix n and € and study the evolution with respect to €24,,. Note that € used in the
theoretical bound corresponds to the largest precision error across all diffusion processes (each of
them is specific to a conditional observation and uses a score estimate with a specific error level
ehsa)-

In Figure 2, we do not try to assess the quality of the precision bound given in Proposition 1 but
rather the quality of the compositional score error given in Proposition 2 : in panel (A), we let € runs
over a specific range of values (that can be empirically encountered) and in the last two panels, we
set the score errors (fixed or not) and make a fixed choice of discretization parameters, which led to
Wasserstein errors during the individual diffusion processes slightly too high, thus not satisfying the
assumptions of Proposition 1.

A.3 Proof of Proposition 1

A.3.1 Intermediate results

We first begin with some lemmas that will be useful to derive the proof of Proposition 1. The
following lemma as well as the corresponding proof is inspired from Theorem 4.1 in Huggins et al.
(2018).

Lemma 1.1. Let p and p be two probability distributions with corresponding covariance matrices 3,

respectively 3. Suppose that W (p, p) < nwith 0 < n < @ Then it holds

I= - Sl < (2v20lSI# + (V2 + 1)) (M) ‘

Proof. We start by assuming the latent dimension to be one, so that parameters are scalars. Suppose
that @ ~ p and 8 ~ p are distributed according to the optimal coupling for the 2-Wasserstein distance
ie. W2(p,p) = E|@ — 0]2. Let p (resp. f1) be the mean of p (resp. p) and o (resp. &) be the standard
deviation of p (resp. p). We assume 1, = 0 without loss of generality (otherwise, consider the variable
0 — ) and W (p,p) < 0. Let (2 = E(0?) = 02 and (? = E(6?) = &% + i°.
|¢® = (% = |[E(6% - 6°)| = [E[(6 - 6)(6 + 6)]
<E[(6 - 5)2]%1}3[(0 + 5)2]% by Cauchy—Schwarz
1

< nE[(6 + )]z by optimal coupling and Wasserstein bound
< nE[2(6 + 6%)]7  since (a + b)? < 2a° + 2b°

From Huggins et al. (2018), it is also shown that | — fi| = || < 1. Then,
0% = 5% = 1¢* = + i < ¢ = |+ |
S\@n(c+§) +n2=\f2n(a+ &2+ﬂ2) +1’
<V (o +6+ i) +n? since Va+b<a+Vbfora,b>0
<V2n(o+6+n) + 1

=n?(V2+1) + 255 max(o, g).
When the dimension is greater than one, we can use Lemma C.3 and Corollary C.2 of Huggins et al.
(2018) to extend the previous result and get:

ad 3 1 L
1= — 2| < 22pmax(|=]2, [£]2) + n* (V2 + 1).



We can pursue the computation to get rid of Hi‘ ||I. Indeed by triangular inequality we have:

1
~ 1 ~ bl
IS1E < (Il + 15 - =)

f},
<zt + 1

Sl b
——— using vVa+b<+va+-—= for a>0,b> —a.
B 2a

So we get the following bound:

. pIy
s -3 < 2% <|Z||é + ”22||1”> n+n*(vV2+1)
2

V2 - i
= (1 - mﬁ ¥ -] < 2\/577H2||é +n3(V2+1)

3 1 =2 : =]
= [[E-3 < (2\/§U||Z||; +n*(V2 + 1)) ————— | since np<y/—.
]2 — v2y 2

Lemma 1.2. Suppose that we have |- — || < with v < ﬁ then it holds

~ Z_l 2
5 - ny < 2
=TT

Proof. Suppose that ||§? — 3| = ||E|| <~ and that 1/ > ||X~!|| then we can write the following:
ST =(2+E)7Y
- (Z(I + 2—1E)) -
=(I+27'E)y 'yt
Now we can write
yloy =42 lE) it —xnt
((1 rylp)l o 1)2*1
=T +Y'E)y'SEYT! since I=(I+Y'E)yHI+371E).

We will use the following lemma:

Lemma 1.3 (Li and Huynh, 2022). For any matrix, A € M, (C), with || A|| < 1. The matrix (I — A)

is invertible and L

I-A N ————.
L B e T

Since [|[Z7LE| < |S7|||E] € v/ < 1 by assumption, we can write

1

I+>'E)y < ——
I+ ) < T

As such, we can bound the norms as follows:
IS =S < T+ =B THISTH IEN IS

Y=
T L—lIE

IN

A



A.3.2 Proof of Proposition 1
We are now ready to derive a proof of Proposition 1 that we restate below.

Proposition 1 (Precision matrix error) Choosing 0 < n < min ( ”E A, et H)) we get

U oo
Wa(p,p) <n= -2 <vy=|[¥ [ < 1A=

where

) , =
y= (2 2[[%]ln -+ (1+*/§)) BEENCDI

and function f : Ri — R is defined in the following proof.

Proof. To improve readability, we denote m = /||2||. Thanks to Lemma 1.1 and since 7 < % we
know that || X — 5| < (2v/2nm + n*(V2 + 1)) ( fn) it Wa(p,5) < 1.

Let g(n) = n2(vVZ3+1)+2v2nm— gty (1= 222) = nA(VE+1)+v20(2m+ )~ by

Lety = (2V2nm +n?(V2+1)) (m_”\’f ) > 0. If we want y < ﬁ, we need to solve (in 1)

2
the inequality g(n) < 0. Let A = 2 <2m + e 1”> + 4|(\\E/§*TH1) be the discriminant of g. As it

is nonnegative, g admits exactly 2 roots n— and 14 and g(n) < 0 forn € (n—,ny). After simple

computations, we get:

n+ = )
2(1+v2)
with n- < 0 < mn4. As n should be positive, it is sufficient to select n < ny =
—V2(2V/IIZl+ =t ) +VA
( (H'%H)HE ”) == f(IZ|, I=7|) to solve the inequality. This ensures that
v < ﬁ Therefore, we can use Lemma 1.2 to get the last inequality of the statement. [

A.4 Time-independence of precision errors

We show here that the precision estimation error € is not time dependent, contrary to all other constants

described in Proposition 2. The algorithm GAUSS assumes that all individual posteriors are Gaussian

of the form p(@ | =;) = N (1;(0),%;) forall j = 1,...,n. We consider a Variance-Preserving

diffusion process that noises these individual posteriors along a forward path using the following

Gaussian kernels ¢;)o(0; | 8) = N (/0, (1 — a;)I). Then known results (e g. Equation 2.115 in

Bishop, 2006) ensure that p(@ | 6;, ;) = N (s j, X ;) where X, ; = (E + 72-1)~". Thus,
- -1 oy

—I — (X —I

a5 =Dl

_ -t -1

=155 =55

< € by assumption on precision estimation error.

IZ0) -7 =121 +

This shows that ||f)f jl -3, Jl || is bounded uniformly in time by the initial precision estimation error
€.

A.5 Proof of Proposition 2 - detailed version
A.5.1 Proof of intermediate results on compositional score error

Lemma 2.1. Suppose that ||i;i1 - EZ}H <efori=1,...,nand Hi)t_i - E;/{H < ey then it holds

A=Al < (n—1)ex + ne.



Proof. Recall that
A=(1-n)S 3+ > 5],
i=1

where we omit the dependence of A in 6 since no covariance matrix depends explicitly in 6 with the
GAUSS algorithm. Then,

1A - & =

=n) (ZA-S) + X (0 - 53) H
=1
<(n=DIZ =Sl + Y IZ =) since n>1
i=1

< (n—1)ex + ne.

O
Corollary 1. Let e > 0 and €y > 0 such that (n — 1)e) + ne < ﬁ Then,
- _ 1|2
”A—l _ A—1|| S ((n 1)6)\ + ’I’LE)”A || —.
1—((n—1)ex + ne) [|A~L]]
Proof. We only apply Lemma 1.2 with the correct assumptions. O

In the following, we set s4(0,x;,t) := s;(6,t) and let 55(0,t) =~ Vglog A\¢(0) for more clarity
(recall that in this detailed version of Proposition 2 we assume that prior scores are unknown and
need to be approximated). Thus, the linear combination of individual posterior scores involved in the
compositional score expression (1) and its estimate in (2) reads as follows:

i=1

D(0,t;21) = (1 — )3, {sx(0,1) + i S isi(6.1).
=1
Lemma 2.2. Suppose that
c IS8 = Sl < exand Egoyp, () ([152(60, 1) — Vo log A¢(0)[|?) < €dg x,
120 = S < €and Eonp, (.0 (1l55(6,1) = Vo logpi(6 | 2;)|%) < edgu
forall j =1,...,n. Then it holds
Ep, (w1.) (IT(0, £ 1:0) = T(O 15 1.0) 1)

< [0 = 1) (xy/Bpetronn (152(8,D112) + 15 A lepsni. )

n

2
+ 3 (ey/Bpuronn (1500, D112) + ||2;3|eDSM)] .
=1

Proof. We first show intermediate results that will be useful for the proof. In the following the
expectations are taken over 8 drawn from the diffused multi-observation posterior p;(0 | 1.,,) and
we will only use Eg.

10



Result (R1):
=\ _ 2
Eo ([[(1=n) (Siksx(0.) ~ 57AValog \(0)) [)
- 2
< (1-n)’Eq <||E;i5,\(97t) — 2252 (0,0)]| + [ Z7151(0,1) — T, \ Vg log At(B)H)
triangular inequality
= (1—n)? <E9||2~3;§5A(0,t) — 23520, 1)1% + Eo|Z; y52(6,1) — £,3Ve 10g>\t(0)||2)
+2(1 —n)%Eq (||i]t_’>1\sk(0,t) — S asa (0, )15, 151 (6,) — T, \ Ve log At(9)||)
expand the square
< (1=n)*|I8 ) = A IPEa([lsx (0, D)[17) + (1 = n)?||Z; A *Ealls1 (8, 1) — Vi log A, (6)]>
+2(1 - )% /Eo(; 153(6.1) — S, 151(8.6)[2)y[Eo (15, 151(8.) — ;1 Vo log A (0) )
norm inequality and Cauchy—Schwarz inequality
< (1= n)*XEo(llsx(0,1)|*) + (1 = n)? |5 3P eDgn,»
+2(1 - )25} — S0 VEe (520 DI 12, L 1VEa([52(8, £) — Volog A(8)]7)
< (1—n)’SEo([lsx(0,1)]%) + (1 — n)|IZ7 3 |PeBsara

+2(1 = n)’exv/Eo(|[51(0,1)[12) |27 2 lepsnan

2
= (1= m)? (exVEo([5x(0, 0 + 1= A lepsan ) (R1)
In the following results, we will first consider n precision errors €1, . . . , €, that we will finally bound
by the same constant € at the end of the proof.
Result (R2):

Eg (|17} 5:(0.1) — £ Vo logpi(6 | 2,)]2)

< Ee (Hi;}siw,t) — 5 50, 0)]| + 15} 5:(0, 1) — £, Vo log pi(6 | :ci)ll)Q
triangular inequality
= Eoll%; 5:(0, 1) — %, /5:(0,1)[|> + Eo||S;  5:(8, 1) — T, Vo logp:(8 | =)
+ 2Eq <||i;ilsi(0,t) — 3, si(0, 0|17 5:(0,1) — %, [ Ve logpi(0 | :cl-)H)
<80 = 20 PEollsi(0, )17 + 127 1*Eal|i(6, 1) — Vo logpi(0 | @)
+ 2\/E6(||i;,ilsi(0at) - E;}si(é’,t)lP)\/Ee(IIE;}si(G,t) — %, [Velogp,(6 | x)|1?)
< &;Eo(|[5i(0,)11”) + =77 I eDsm
+22 = 2 IVEe (540, DIIP)1Z7 | vVEo([ls:(8, t) — Vo log pi(6 | a)[|?)
< €;Eo(|l5i(0,0)[1”) + =771
+2¢iV/Eo([l5:(8,1)[12) |15, lepsn

2
= (&iv/Eo(lls:(0,0)12) + 1= lepsur) (R2)

Result (R3):

2
€DSM

Eo (|| Zf];lsl(&t) — Z;}Ve log p:+(0 | a:l)||2>
i=1

=Eg Z Hf);ilsi(& t) — Z;}Ve logp;(0 | ;)||* expand the squared norm
i=1

11



+EQZZ< E“V(glogpt(e | x;), % sj(0,t)—Z;;Vglogpt(0|xj)>
i=1 j#i

= ZE9||2~3;}si(0,t) - E;}Vg log p:(6 | ;)||* linearity of expectation
+ ZZE9< ti '5:(0,1) — Z;}VG log pt(6 | wi),f];;sj(e,t) - E;}Ve logp: (0 | xj)>
i=1 j#i

n 2
<y (ei Eo(||5:(0,D)]2) + Hz;}ueDSM) by Result (R2)
=1

+) 0D EollS ) si(0,8) — Xy Valogpe(0 | @) ||[[5, )} 5;(6,t) — £y Ve logpi(6 | z;)|
i=1 j#i

using Cauchy—Schwarz inequality

n 2
<3 (v/Eollsi(@ O + 125 levsar)
i=1

n
+3 0N \/Ee<||2;35i<0,t) — %,/ Velogp(6 | :cn\l?MEe(llE;;sj(e,t) — %,/ Velogpi(6 | z;)[?)
i=1 j#i

Cauchy—Schwarz a second time

n 2
<3 (ev/Bo(5:(8, 12 + 15 lepsn )
=1

+ 33 (av/Eo (1540, 017) + 52 lepsu ( Eo(55(6,6)]2) + ||zt,;||eDSM)
i=1 j#i
by Result (R2)

n 2
= <Z €iv/Eo([[s:(6, 1)) + 2Z,fllGDSM) : (R3)
i=1

We are now ready to derive the proof of Lemma 2.2.

Eg (||f(97 t; xl:n) - F(07 t; wl:n)||2>

n 2
= Eg|[(1—n) (igisA(e,t) — 51 Vo log A/ (6 ) +3 ( Lsi(0,1) — 5 Ve logpi(0 | aci))
=1
— K, (H(l —n) (i;}\s,\(&t) — %, 1Vglog A (0 )H2
z":( “szat VglogptB\wl)

+2E9<(1n)<f};/{sk(0,t) SiAVolog \(0)), > (Silsi(6,1) - Z“Vg)logpf(ewz))>

i=1
expanding the squared norm

(1= n)? (exVEo(5x(©0,0]7) + 5, A||eDsm)
n 2
4 (Z eiv/Eo(5:(0, 01| + ||zt,3eDSM>

i=1

12



+23 Eo (1= n) (S7Asa(6,0) — AVolog \(6)) , S5 1i(0,) — 37/ Vo logpi(6 | @)
i=1
by Results (R1) and (R3) and linearity of expectation and scalar product

2
< (1= (avEa(sx(@.017) + 5 Mlepsui. )

n 2
+ <Z eivEo([s:(0,1)12)] + 12 ||€DSM>
i=1

+2) (n—1)Eg||S; 1sx(0,1) — £, Ve log M(0)[||5;5:(8, 1) — 57 Ve log pi(8 | =)
i=1
by Cauchy-Schwarz (x,y) < [{x,y)| < ||lz|/||y|| and n» > 1

<( 1—n (6)\\/E9 (IIsx(6,1)] +||ZtA||€DSM)\)
n 2
N (Z BT8O + ||z;,3||eDSM>

=1

2(n 1) \/EalIZ; Jx(0.1) — 5, 1Volog A, (0)[2/Bol| S Ls:(6,1) — 5, Vo log (0 | 2.2
=1

by Cauchy-Schwarz E(|XY|) < /E(X?2)\/E(Y?)
(1-n) (eM/Ee (1sx(8,8)[12) + 127 3 lepswm, A)

n 2
+ <Z eivEo(l[si(0,1)[%) + IIthflﬁDSM)

=1
+2(n = 1)) (xvVEa (1520, 01P) + 157 Mlepsain ) (e v/Eo(lls: (0, D7) + 127 epsui)
i=1

by Results (R1) and (R2)

n 2
- <n— D) (3 VEs(Tsx (@D + 12, Mlepsara) + - (erv/Eo([l:(6.0TF) + ||zt,3||eDSM)>

< <<n 1) (exv/Eo (52 (.01 + 12 lepsnen ) + D (ev/Eo (6.0 + ||z;3|eDSM)>

since we assume that ¢; < eV i.

Lemma 2.3. Suppose that

. ||it_i —Zt_)l\H <exandforalj=1,...,n ||f]t_]1 —Et_le <g;

o 5x(0,t) (resp. 5j(8,1)) is a score estimate of Vg log A¢(8) (resp. Vo logp:(6 | z;))
Then it holds

Ep, (far.) (IT(0, 8 210)|?) < ((n = D=+ GA)\/Ept(wmlm)(HSA(O, t)[?)

n 2
+Z(IIEZ§H+67:)\/]Ept(wmm)(llsz'(@vt)||2)> :
i=1

13



Proof. Here again the expectations are taken over 8 under the diffused multi-observation posterior

pt(g ‘ ml:n)-
Eo (IP(6,t:10)|?) = E <||< n)E; A (6,) + Zigssiw,w?)

= (1= n)%Eq (IEAsx (0, 0)]17) + > E o (I5515:0.0)1%)
expanding the squared norm

+2(1 —n)Eq < /\SA(O t), iijilsi(O,t)>
= (1= n)%Eo (IS7350(0,8)[2) + Z o (I5515:0.0)1%)

2(1—n ZE9< t)\S)\ (6,1), “si(H,t)>
linearity of scalar product

< (1=l 1B (Isx(0.D1P) + SIS IPEo (1156, )[2)

i=1

n

+2(0 = 1) Eo (I A0 0.0IZ5 5.0, )])
i=1

Cauchy—Schwarz and n > 1

< (L= n)’IZ M IPEollsx(8, 6)II* + D I£7 P Eellsi (6. )1

i=1

2n — 1) /Bl 151(0.1)2\/Eo[IS; s:(8, )]
i=1
Cauchy—Schwarz inequality

< (1= I3 Eolsx (6, ) + S 55 IPEollsi(6, 1)
=1

+2(n = DIIZEA Ee(IISA(GJ)IP)ZHi;illl Eo(l5:(0,0)]1%)

< (1= )25 3 17 Eo (0, )]* + (ZEH IV Eells:(6, )] 2)

=1

+2(n = DIE; A IVEe (528, 6)112) Y 1571V Ee (1546, D)%)

=1

since Za < (Z 2) when a; > 0

=<(n—1)lli{,§|| Eo([[sx(6,)]1%) + Y 1=,/ EG(”Si(Ovt)”Q))

< [n = DU + ) VEo (520, 1))

n

sz:IIZ [ +€) lEe(ISi((”t)IIZ)]
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using triangular inequality to bound Hf); Al and [[S7})-

A.5.2 Proof of detailed version of Proposition 2
The final expressions of the multi-observation score (1) and its estimate (2) are the following:

VIngt(e | ml:n) = A_1F(67t;$1:n)7
S(Ovt; wl:n) = Ailf\(ev t; m1:n)7
where A = (1 — n)Et_i +30, Et_ll and A = (1 — n)it_i +30 f]t_ll

We propose here a more detailed version of Proposition 2 than what was presented in the main text:
we do not assume a Gaussian prior, and thus need to estimate both the prior score Vg log A(8) and

the precision matrix E;l.
Proposition 2 (Compositional score error - detailed version) Ler 1) (resp. 1) be chosen as in
Proposition 1 and denote

M =max; S| with L =max;Egp,([a,.,) (IIVlogp:(8]a;)]?)

My > S0 with Ly > Eorp, (o) (IV1og M(0)]1?) .
Suppose that
Eonp(lara) (Vo logpi(6la;) — 56, 2, D)) < e, forall j=1,....n
Eorp, (1o1n) (I Vo 108 A(0) — sx(6,)]|*) < ehgpx
IS =S <e forall j=1,...,n
IZ3 == < e,

with (n — 1)ex + ne < ﬁ Then it holds

Eorp: (o1 [V 108 pt(0 | T1.0) — 5(6, T, )]%]
. (tn = Ve +n A0 + )
< [t = DIANWES + evsn) (i + Pt 2 o))
= a0l )
T (0~ Der o)A

A VE + eosa) e+

+ [ATH((n — 1) Mxepsm,a + nMGDSM:| %

If epswm (resp. epswm, ) is sufficiently small and accompanied by a proper choice of diffusion hyperpa-
rameters such that W(p(0 | ), p(0 | ;)) < nforall j =1,...,n (resp. Wa(A(6),A(0)) < n»)
(Proposition 4 in Gao et al., 2025), then the precision estimation error € (resp. €y for the prior
precision error) can be further bounded using Proposition 1 and n (resp. ).

Proof. To simplify notations in the proofs, we write the expectation taken over the diffused multi-
observation posterior Eg..p, (.|x,.,) sSimply by Eg, and we use s;(0,t) := 54(0,x;,t) and 5)(0,1) ~
Ve log A\ (0).

Recall that precision errors are time independent (see Appendix A.4), i.e. forall ¢ € [0, T1:

IS -Sill<e<e Vi=1...,n and |S;} -2} <e.
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We have
EGHVIngt(O ‘ ml:n) - S(aat; ml:n)HQ
= E9||A_1F(07 t; wl:n) - A_lf(ev t; wl:n)H2

~ - - - 2
< Eo (IIA'T(0, 1) = A7'EO, L i) | + [AT'T(O, 65@10) — A D0, w0

using triangular inequality
=Eg|AT'T(0,t;21.) — A T(0, t;1.0) |2 + Eol[AT'T(0,t;21.) — A'T(0, 521, ||?

12K, <||A*11“(0, ti1m) — AID(0, 1 21| |[ATIT(O, £ 21.0) — ATID(O, 8; a:lzn)H)

expanding the square

< Eo||ATID(0,t; 1) — ATIT(0, 1 1.0 ||? + Eo || ATIT(0, t; 21.) — ATIT(0, ;1.0 ||

2B A-TT(0, t:@1.0) — AT, b @1.0) |2y Eo | A0, £ 21.0) — A-1T(8, 1.0 2
by Cauchy—Schwarz
S ||A71||2]E9||F(97 tv ml:n) - f(ea ta m1:'rL)||2 + ||A71 - [\71 H2E9”f(07 t7 xl:n)||2

2 A Eo(IT(8, @ 1.n) — D6, @1.0) [2) A — A1/ Eo (T8, & 21.0)I12)

2
— (||A1|¢Ee||r<o,t;mm> — D0, @)+ A - A1||¢Ee||f<e7t;mm>||2)

<

JA~Y ((n — 1) (exVEa (520,17 + 57 A lepsain ) + > (ev/Ea (156, ) + ||zt,;||eDSM)>
i=1

n 2
+IAT =AY <<n ~1) (1231 + ) VEe(lsx@ 01 + 3 (IS + ) E9<||si<o,t>|2>>]
i=1
using Lemma 2.2 and Lemma 2.3

< [0 DI VBT @0 (e + D E OIS )

- n—1)e ne -1
+ Y I VBT (et Dt me s 4. 0)

2

i=1
using Corollary 1 and assuming ¢; < e Vi.

+AT ((ﬂ ~ D=, Allepsnea + Y |Zt,i1||€DSM>

By assumption, we have M = max; ||Z;¢1 || and ||E;i|| < M. This gives:

Eo||V1ogpi(0 | Z1.n) — 5(0,t;21.0)|°
(n— Dex + A"
= ((n—Der +ne) [AT]
(= Dex + A1
(6 = ((n—Der +no A1 M €>)

< [(n DA | VEs (2@ D) ( n (M, m))

+ 3 IATMVEe([5:(6,)])

i=1

HIAT (= 1)Myepsu +nMepsy) |

As Eg (|[V1ogAi(0)]?) < Ly and L = max; Eg|[V1ogp(0 | x;)||?, then it holds for all i =
1,...,n:

Eel|si(0,1)]* < Eo[(|Vlog pe(6 | i) + [|:(6,) = Viogpi(6 | 2)])°]
< Eo||Vlogp:(8 | x:)||* + Eolls:(6,) — Vlogp,(6 | x:)|
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+ 2Egl|5i(0,1) — Viogpi(0 | z:)|[[V log p:(6 | )|
< Eo||Vlogp,(8 | x:)||* + Eells:(8.) — Vlogp,(6 | x;)|

+2v/Eo|5:(0,1) — Viog pi(6 [ )2 \/Eo [V Iog pi (6 | )]
by Cauchy—Schwarz inequality

<L+ edgy + 2v/Lepsy by assumption on score matching error

= (\/Z + GDSM)Q.
Similarly,

Eollsx(0,8)[* < (v/Lx + epsm,n)?
Thus we finally get:

Eewpt(-\zl:n)nvlogpt(o | wl:n) - S(O,t; wl:n)

n—1)ex + ne)||[A™!
< [0 DA IVES + evsn) (o + DAL ag, 1)

I?

(n— Der + noA71]
T (1 Der +no AT T E))

_ 2
+[ATY ((n — 1) Mxepsm,x + nMepsm)]

nel|[A~Y|M
= (- o= (P55

+n|| A" (VL + epsm) 6+M(M+e)
AN I

+ TLHA_l || (\E + GDSM) (6 +

2
+ 1A~ [nMepsu]

if we assume epgm,» = € = 0 as in Proposition 2 in the main section.

A.6 Discussion on measure choice

In Proposition 2, all the expectations in the assumptions are taken under the multi-observation
(diffused) posterior distribution p;(6 | x1.,) even though the variables inside the expectations come
from the (diffused) prior A, (@) or the individual (diffused) posteriors p; (0 | «;). This measure choice
is particularly visible for the individual score error Eg.p, (g|z1.,) |V 10gp+(0 | ;) — 5:(0,1)||> <
€% s\» Which is usually computed in expectation over the individual posterior p;(6 | ;). But we can
link individual posterior to multi-observation posterior as follows:

pi(0 | x;) = / P(00 | 2;:)q:10(0 | 60)dO by definition of the individual diffused posterior
= /qt|0(9 | 00)/1)(007‘%1;1‘,1,@“;” | ;)dz1.4—1dx;11.,d0y by marginalisation
= /Qt|0(9 | 90)/19(90 | Z1:0)P(® 1251, Tig1in | Ti)dT15-1d7511:0d00
= /p(xl:i—laxi+1:7L | :Bi)/p(Oo | ©1:0)110(0 | B0)dOodx1.i—1dx;i11., by Fubini theorem

= /p(a:l:,;_l, Tiy1n | )pe(0 | ©1.0)dx1.4—1d2;11., by definition of the diffused posterior.

Thus we can apply the double expectation equality and get for any measurable function f:
Eorp, (12)(f(0) = Ea\ 1 aisrnmpllz) Bonp, (8121..) (f(0))-

When f(0) = ||V1ogp:(0 | ;) —s:(0,t)||* forany i = 1,...,n we have a bound for the individual
score error:

Ee’\‘pt("wi) Hv Ingt(e ‘ "Bl) - si(ga t)”z = Ewlzifl7wi+1:an(<|w'i)EeNpt(e‘wlm,) ||V1ngt(9 | ml) - Si(ev t)H2
< Eay.i 1 ws1~p( ) (€Dsnt) by assumption on the individual score error

_ 2
= €DSM-
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So if we manage to bound the individual score error in average under the multi-observation (diffused)
posterior for a specific time ¢ in the diffusion process, then this error will be bounded in average
under any individual (diffused) posterior (by the same constant).
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