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Data expression example
Taking MgMnO3 as an example (Fig. 1), the data were generated by our diffusion model. For the first channel, 128 data points can be classified into five categories: (0, 0.5, 0.5), (0.5, 0, 0.5), (0.5, 0.5, 0), (0, 0, 0) and (0.5, 0.5, 0.5). However, here, one atom is at the position (0, 0, 0), one atom is at the center of the crystal body, and three atoms are at the centers of the crystal faces. However, we have not given more information on the elements and lattice. It can be a carbon system or a Ca-Ti-O system and can also be a triclinic system or a hexagonal system. In the second channel, the element information for the 128 points is given one by one. As shown in Fig. 1, there are three groups of data, and the five categories in the first channel are further categorized into three groups according to one-to-one correspondence. Thus far, the elements and the relative coordinates in the unit cell of every atom can be confirmed. However, the shape of the lattice or crystal system is still unknown, and the system can also be cubic or trigonal. Ignoring the first two channels while processing the third channel, we cluster them directly. Theoretically, materials can be aggregated into two categories: the length  and the angle  of the lattice. Here, the approximate data used are (0.50, 0.50, 0.50) and (0.25, 0.25, 0.25) (all the numbers are less than 1 because, before training, the lattice data have been normalized by dividing by 15Å and the angle used in the radian system and divided by ). The three vectors of the lattice can be calculated as follows.



The results are (3.75, 0, 0), (0, 3.75, 0), and (0, 0, 3.75), and further determine that the system is cubic with a side length of 3.75 Å. Integrating the above, we summarize the following:
1. The cubic system has a side length of 3.75 Å.
2. The formula for this structure is MgMnO3.
3. For every unit cell, there will be an oxygen atom on each face, a magnesium atom on each corner, and a manganese atom at the center.
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Supplementary Fig. 1. Data expression example.


Generation process example
	 Additionally, taking MgMnO3 as an example (Fig. 2), different colors of points indicate different atoms (the second channel of data), and the third channel is ignored for better visualization. The whole inference process requires 1000 steps. The last step is training, and the first step is generation at t=999. The data given here are random numbers that obey a normal distribution. The points in this step are disorganized. with t becoming increasingly closer to 0. Points with the same color gradually come together. At t=200, there is already evidence of clustering. When t=0, it can be clear that there are five groups, which means that this structure has five atoms, including positions and elements.


[image: ]
Supplementary Fig. 2. Generation process example.


DFT configuration
The structures were optimized by density functional theory (DFT) via the Vienna ab initio simulation package (VASP). The Perdew–Burke–Ernzerhof (PBE) functional of the generalized gradient approximation (GGA) was used for the exchange–correlation functional. The kinetic energy cutoff was set to 520 eV for the electronic wavefunction with a plane wave basis set, which was obtained using the projector augmented-wave method. The Monkhorst–pack k-mesh grids were selected by vaspkit.
Model details
[image: ]
Supplementary Fig. 3. The U-Net model used in diffusion.
Training details
The hyperparameters used during training are shown in Table 1.
	Hyperparameter
	Value

	Optimizer
	Adam (, )

	Learning rate
	0.0001

	Batch size
	128

	Training steps
	500

	Prediction target
	

	Sampling timesteps
	1000

	Diffusion noise schedule
	cosine


Supplementary Table 1. Hyperparameters for training.
During training, we used the mean absolute error (MAE) to calculate the loss (Figure 4). The loss function is as follows:

[image: ]	Here,  is the timestep,  is the original data (training data) without noise, and  is a random matrix with the same shape as  following a normal distribution.
Supplementary Fig. 4 Loss plot.

Generation Data
	All 746 structures generated can be found in structure.csv.
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