
Supplementary1

A Details of sampling process2

The sampling process with ProG is shown below. The correctness is shown in the section I. All3

hyperparameters are in Table 14.

Algorithm 1 DDPM denoising process with ProG guidance
Input: class labels y, classification scale s
xT ∼ N (0, I)
sT ← initialized via semantic correlations in section 3.1
for t = T, ..., 1 do
z ∼ N (0, I), g ← w

∑C
i si,t∇xt

log pϕ(y|xt)

xt−1 ← 1√
αt
(xt − 1−αt√

1−ᾱt
ϵθ(xt, t)) + σ2

t g + σtz

∆si,t =

{
−γ ∗ (1− si,t), if i = c

−∆sc ∗ si,t∑C
j=1,j ̸=c sj,t

, if i ̸= c ,

si,t−1 ← si,t −∆si,t,∀1 ≤ i ≤ C
end for

4 B Diversity analysis5

B.1 Qualitative analysis6

over-exploits Front-face features 

over-exploits Front stretching pose
 ProG (ours)w/o ProG covers different angles of faces and different positions of the dog

Figure 5: Brittany Spaniel condition. The left figure shows the first and the second type of diversity
suppression of vanilla classifier guidance where only front-face features and front-stretching pose
features are exploited. The right figure is the diversity improvement using our proposed ProG. ProG
can helps to cover a wide range of features in the class.

This section will extend the analysis of Remark 3.1 and section 4. More examples and patterns of7

avoiding a lack of diversity are presented. All the analyses are visualized on ImageNet 256x256 with8

three breeds Brittany Spaniel, English Springer and Welsh Springer Spaniel.9

As stated in the main paper, the absence of diversity stems from suppressing shared features among10

classes. These features are challenging to classify because multiple classes possess them, resulting11

in diminished significance in discriminative tasks like classification. This leads to the ignorance12

of common features. The main paper’s Figure 2 and 1(b) provide visual insights into this notion.13

Consequently, we have discovered that various classes exhibit distinct patterns of diversity suppression14

based on their shared feature pool with others. Through observations across different breeds, we have15

identified three primary instances of feature collapse resulting from the suppression of other features:16

1. Collapse into front-face features17

2. Collapse into a single pose18

3. Collapse into one type of background.19

Most of the breeds will have the first type of collapse as in Figure 5, 6, and 7. Figure 5, 6 shows the20

improvement over front-face features collapse and single pose collapse using ProG. Figure 5 and 721

shows the improvement of ProG on front-face collapse and background collapse.22
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Figure 7 shows the1st and3rd types of collapse into front-face features and one type of background.

Figure 6:English Springer condition. The left �gure shows a clear collapse into front-face features
by using vanilla classi�er guidance. The right �gure shows our improvement where different poses,
backgrounds and angles of faces are recovered.

Figure 7:Welsh Springer Spaniel. (left-�gure) Similar to other breeds, the vanilla guidance also
over-exploits the front-face features, and it also over-exploited the green grass background features.
The right �gure shows the improvement using ProG, where different backgrounds are recovered.

23

Background correction: We also provide more evidences on improving the background collapse24

case by our proposed method. We analyze on the classBriard, where the background collapse25

happens very strongly. Figure 8 shows the correction case-by-case using ProG.26

Figure 8:Briard condition. On vanilla guidance (w/o ProG), most of the images fall into white/green
simple background. We leverage ProG to improve the background as well as the details of the dog.
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