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Generative Modelling of 
Structurally Constrained Graphs



Hypothesis Space

Constrained Domain

PROBLEM: CONSTRAINED GENERATION
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Examples: 

- Low data regimes 
e.g. biomedical applications 

- Guarantee critical property verification: 
e.g. real-world problems with   physical    constraints 

chemical 
biological 
social 

Data Distribution



CONSTRUCT: IDEA
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Idea: match distributions of forward and reverse processes 
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<latexit sha1_base64="HAMaZ46LcMGvi6ycGteU0lbLr/Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmtx+5NiJWDzhJuB/RoRKhYBStdI9Xbr9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqrW780r9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/T7Y2E</latexit>

t = 0
<latexit sha1_base64="KnFiG21OBXUnZ1TmikCESStsHac=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHiHlBsoTZyWwyZHZ2mekVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYkUBl3328mtrW9sbuW3Czu7e/sHxcOjpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDfzW09cGxGrOo4T7kd0oEQoGEUrPeJNvVcsuWV3DrJKvIyUIEOtV/zq9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzU6fkzCp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbz2J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmU7AheMsvr5LmRdmrlCsPl6XqbRZHHk7gFM7Bgyuowj3UoAEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ACoyNqA==</latexit>

t = T

Diffusion Step 
(“Time”)

Graph Space

Forward

Reverse

Forward: not learnable → design it to preserve constraint

Reverse: includes a projector to correct trajectory whenever needed



CONSTRAINT PRESERVING FORWARD
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Edge-Deletion Invariant Property:
<latexit sha1_base64="KklK97gY2mlwAiJgn63EJmbGtYY="></latexit>

If P (G) = True and G0 = (X,E \ Ẽ), then P (G0) = True.

Subset of edges   

Examples: graph planarity, acyclicity, maximum degree, …

Forward: 
- Nodes: marginal noise (as DiGress) 

- Edges: absorbing noise → preserves edge-deletion invariance

<latexit sha1_base64="y/RMi1ijzk0ZidDgv2dG7ij7rsw="></latexit>

Qt
X = ↵tI+ (1� ↵t)1bm

0
X

<latexit sha1_base64="SC7Z+SphU5vkr5PAiNvIUBoJSBk="></latexit>

Qt
E = ↵t

ABSI+ (1� ↵t
ABS)1ce

0
E

Limit: no edges! 

DiGress: Discrete Denoising diffusion for graph generation, Vignac et al., ICLR 2023



CONTROLLED REVERSE
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<latexit sha1_base64="e1K3z8IrSjgLj3nRkojcgi/1waQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BD3qMmBcka5idzCZDZmeXmV4hhHyCFw+KePWLvPk3TpI9aLSgoajqprsrSKQw6LpfTm5ldW19I79Z2Nre2d0r7h80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj65nfeuTaiFjVcZxwP6IDJULBKFrp/uah3iuW3LI7B/lLvIyUIEOtV/zs9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzU6fkxCp9EsbalkIyV39OTGhkzDgKbGdEcWiWvZn4n9dJMbz0J0IlKXLFFovCVBKMyexv0heaM5RjSyjTwt5K2JBqytCmU7AheMsv/yXNs7JXKVfuzkvVqyyOPBzBMZyCBxdQhVuoQQMYDOAJXuDVkc6z8+a8L1pzTjZzCL/gfHwD+BSNnA==</latexit>

GT
<latexit sha1_base64="e2l1rGK+ayfuYpWjQYNNXJ9fHVk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcK9gPaWDbbSbt0dxN2N0Ip/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/nZXVtfWNzcJWcXtnd2+/dHDYNFGiGTZYJCLdDqhBwRU2LLcC27FGKgOBrWB0k/mtJ9SGR+rBjmP0JR0oHnJGbSbdPrrFXqnsVtwZyDLxclKGHPVe6avbj1giUVkmqDEdz42tP6HaciZwWuwmBmPKRnSAnZQqKtH4k9mtU3KaKn0SRjotZclM/T0xodKYsQzSTknt0Cx6mfif10lseOVPuIoTi4rNF4WJIDYi2eOkzzUyK8YpoUzz9FbChlRTZtN4shC8xZeXSfO84lUr1fuLcu06j6MAx3ACZ+DBJdTgDurQAAZDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwD2aY2M</latexit>

G0

<latexit sha1_base64="fJeoSlO0b+GzEvIRWa+dRvM80/s=">AAACAHicbVC7SgNBFJ31GeMramFhMxiE2IRdkWglARvLKOYBSQizk5tkyOyDmbtiWLbxV2wsFLH1M+z8G2eTLTTxwMDhnHO5c48bSqHRtr+tpeWV1bX13EZ+c2t7Z7ewt9/QQaQ41HkgA9VymQYpfKijQAmtUAHzXAlNd3yd+s0HUFoE/j1OQuh6bOiLgeAMjdQrHHYQHjG+gzQEtORQjRCeJr1C0S7bU9BF4mSkSDLUeoWvTj/gkQc+csm0bjt2iN2YKRRcQpLvRBpCxsdsCG1DfeaB7sbTAxJ6YpQ+HQTKPB/pVP09ETNP64nnmqTHcKTnvVT8z2tHOLjsxsIPIwSfzxYNIkkxoGkbtC8UcJQTQxhXwvyV8hFTjKOpI29KcOZPXiSNs7JTKVduz4vVq6yOHDkix6REHHJBquSG1EidcJKQZ/JK3qwn68V6tz5m0SUrmzkgf2B9/gAKOZYL</latexit>

Reverse (1 step)

<latexit sha1_base64="xz4cDlUOylTMbmGvXE56C4togUA=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRgx4r9AvatGy2m3bpZhN2N0oJ+R9ePCji1f/izX/jps1BWx8MPN6bYWaeF3GmtG1/Wyura+sbm4Wt4vbO7t5+6eCwpcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpv57UcqFQtFQ08j6gZ4JJjPCNZG6vfGWCd3aT9pnDtpcVAq2xV7BrRMnJyUIUd9UPrqDUMSB1RowrFSXceOtJtgqRnhNC32YkUjTCZ4RLuGChxQ5Sazq1N0apQh8kNpSmg0U39PJDhQahp4pjPAeqwWvUz8z+vG2r92EyaiWFNB5ov8mCMdoiwCNGSSEs2nhmAimbkVkTGWmGgTVBaCs/jyMmldVJxqpfpwWa7d5HEU4BhO4AwcuIIa3EMdmkBAwjO8wpv1ZL1Y79bHvHXFymeO4A+szx+q0JH7</latexit>

ĜT�1
<latexit sha1_base64="9wCSVTYl8++UKGj5yS6MfvjhvCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LHvRYoV/YxrLZbtqlm03Y3Qgl5F948aCIV/+NN/+NmzYHbX0w8Hhvhpl5XsSZ0rb9bRVWVtfWN4qbpa3tnd298v5BW4WxJLRFQh7KrocV5UzQlmaa024kKQ48Tjve5CbzO09UKhaKpp5G1A3wSDCfEayN9JDcpo9J88xJS4Nyxa7aM6Bl4uSkAjkag/JXfxiSOKBCE46V6jl2pN0ES80Ip2mpHysaYTLBI9ozVOCAKjeZXZyiE6MMkR9KU0Kjmfp7IsGBUtPAM50B1mO16GXif14v1v6VmzARxZoKMl/kxxzpEGXvoyGTlGg+NQQTycytiIyxxESbkLIQnMWXl0n7vOrUqrX7i0r9Oo+jCEdwDKfgwCXU4Q4a0AICAp7hFd4sZb1Y79bHvLVg5TOH8AfW5w+YnJA6</latexit>

GT�1

<latexit sha1_base64="0wwIn6PsolAk2muHTcC0S3rQEuQ=">AAAB+nicbVDLSgNBEJyNrxhfGz16WQyCp7ArEj1JwIOeQgTzgCQss5PeZMjsg5leNaz5FC8eFPHql3jzb5wke9DEgoaiqpvuLi8WXKFtfxu5ldW19Y38ZmFre2d3zyzuN1WUSAYNFolItj2qQPAQGshRQDuWQANPQMsbXU391j1IxaPwDscx9AI6CLnPGUUtuWaxi/CI6XWtNnG7OASkrlmyy/YM1jJxMlIiGequ+dXtRywJIEQmqFIdx46xl1KJnAmYFLqJgpiyER1AR9OQBqB66ez0iXWslb7lR1JXiNZM/T2R0kCpceDpzoDiUC16U/E/r5Ogf9FLeRgnCCGbL/ITYWFkTXOw+lwCQzHWhDLJ9a0WG1JJGeq0CjoEZ/HlZdI8LTuVcuX2rFS9zOLIk0NyRE6IQ85JldyQOmkQRh7IM3klb8aT8WK8Gx/z1pyRzRyQPzA+fwB/35Qp</latexit>

GNN✓

<latexit sha1_base64="RMZud+ydXcyIJbnzC3KUm7cxGX8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKezmED1JwIvHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcKZsb7/7RU2Nre2d4q7pb39g8Oj8vFJ26hUE9oiiivdjbChnEnassxy2k00xSLitBNNbud+54lqw5R8sNOEhgKPJIsZwdZJj01lLNVM6UG54lf9BdA6CXJSgRzNQfmrP1QkFVRawrExvcBPbJhhbRnhdFbqp4YmmEzwiPYclVhQE2aLg2fowilDFCvtSlq0UH9PZFgYMxWR6xTYjs2qNxf/83qpja/DjMkktVSS5aI45cgqNP8eDZmmxPKpI5ho5m5FZIw1Ji4FU3IhBKsvr5N2rRrUq/X7WqVxk8dRhDM4h0sI4AoacAdNaAEBAc/wCm+e9l68d+9j2Vrw8plT+APv8wciHpCg</latexit>

Posterior

<latexit sha1_base64="bXmPKPGROK8HQseXN6kGnQ6TWMU=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCqzIjUl1JwY3LCvYB7VAy6Z02NpMMSUYoQ934K25cKOLWv3Dn35hpu9DWA4Fzz7mXm3vChDNtPO/bWVpeWV1bL2wUN7e2d3bdvf2GlqmiUKeSS9UKiQbOBNQNMxxaiQIShxya4fA695sPoDST4s6MEghi0hcsYpQYK3Xdw45MQBEjlSAxZDUl74Haatx1S17ZmwAvEn9GSmiGWtf96vQkTWMQhnKiddv3EhNkRBlGOYyLnVRDQuiQ9KFtab5OB9nkgjE+sUoPR1LZJwyeqL8nMhJrPYpD2xkTM9DzXi7+57VTE10GGRNJakDQ6aIo5dhInMeBe0zZe/nIEkIVs3/FdEAUocaGVrQh+PMnL5LGWdmvlCu356Xq1SyOAjpCx+gU+egCVdENqqE6ougRPaNX9OY8OS/Ou/MxbV1yZjMH6A+czx+/vpe7</latexit>

Projector

…

Reverse: Directly “project”             can be arbitrarily hard (e.g. maximum planar subgraph is NP-hard)
<latexit sha1_base64="qItmaoel9kZGLr75I0i6RDzQoN4=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4McyIRI9BD3qMYBZIxtDT6Uma9Cx21wTCMN/hxYMiXv0Yb/6NneWgiQ8KHu9VUVXPi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoxusskpFqeVRzKUJeR4GSt2LFaeBJ3vSGNxO/OeJKiyh8wHHM3YD2Q+ELRtFIbmdAMb3NHlM8c7JusWSX7SnIMnHmpARz1LrFr04vYknAQ2SSat127BjdlCoUTPKs0Ek0jykb0j5vGxrSgGs3nR6dkROj9IgfKVMhkqn6eyKlgdbjwDOdAcWBXvQm4n9eO0H/yk1FGCfIQzZb5CeSYEQmCZCeUJyhHBtCmRLmVsIGVFGGJqeCCcFZfHmZNM7LTqVcub8oVa/nceThCI7hFBy4hCrcQQ3qwOAJnuEV3qyR9WK9Wx+z1pw1nzmEP7A+fwCirJIH</latexit>

Ĝt�1

Idea: use       , which verifies property, as (good) initialisation point 
<latexit sha1_base64="kx41ZzWOrEoLu93AQGyvTGB7B1A=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj0oMcKpi20sWy223bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYMHGqGfdZLGPdCqnhUijuo0DJW4nmNAolb4ajm6nffOLaiFg94DjhQUQHSvQFo2gl//Yxw0m3VHYr7gxkmXg5KUOOerf01enFLI24QiapMW3PTTDIqEbBJJ8UO6nhCWUjOuBtSxWNuAmy2bETcmqVHunH2pZCMlN/T2Q0MmYchbYzojg0i95U/M9rp9i/CjKhkhS5YvNF/VQSjMn0c9ITmjOUY0so08LeStiQasrQ5lO0IXiLLy+TxnnFq1aq9xfl2nUeRwGO4QTOwINLqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f7RiOyA==</latexit>

Gt



PROJECTOR
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<latexit sha1_base64="Kk3JBi36uO9zwIul1OrpO1ZNSxU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BD3qMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88YrdYcsvuDGSZeBkpQYZat/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZqRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/0U6HiBLli80X9RBKMyPRv0hOaM5RjSyjTwt5K2JBqytCmU7AheIsvL5PGWdmrlCt356XqVRZHHo7gGE7Bgwuowi3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AKKONvA==</latexit>

Gt
<latexit sha1_base64="qItmaoel9kZGLr75I0i6RDzQoN4=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4McyIRI9BD3qMYBZIxtDT6Uma9Cx21wTCMN/hxYMiXv0Yb/6NneWgiQ8KHu9VUVXPi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoxusskpFqeVRzKUJeR4GSt2LFaeBJ3vSGNxO/OeJKiyh8wHHM3YD2Q+ELRtFIbmdAMb3NHlM8c7JusWSX7SnIMnHmpARz1LrFr04vYknAQ2SSat127BjdlCoUTPKs0Ek0jykb0j5vGxrSgGs3nR6dkROj9IgfKVMhkqn6eyKlgdbjwDOdAcWBXvQm4n9eO0H/yk1FGCfIQzZb5CeSYEQmCZCeUJyhHBtCmRLmVsIGVFGGJqeCCcFZfHmZNM7LTqVcub8oVa/nceThCI7hFBy4hCrcQQ3qwOAJnuEV3qyR9WK9Wx+z1pw1nzmEP7A+fwCirJIH</latexit>

Ĝt�1

<latexit sha1_base64="XBeiDPBsg3ldREr3FWpr2jzpN3A=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NBiKBhVyR6koCHeIxgHpBsltnJJBky+2CmVwhrDv6KFw+KePU3vPk3TpI9aGJBQ1HVTXeXFwmuwLK+jczS8srqWnY9t7G5tb1j7u7VVRhLymo0FKFsekQxwQNWAw6CNSPJiO8J1vCGNxO/8cCk4mFwD6OIOT7pB7zHKQEtueZB5LZhwIAUKp0EzuzxKa504MQ181bRmgIvEjsleZSi6ppf7W5IY58FQAVRqmVbETgJkcCpYONcO1YsInRI+qylaUB8ppxkev8YH2uli3uh1BUAnqq/JxLiKzXyPd3pExioeW8i/ue1YuhdOQkPohhYQGeLerHAEOJJGLjLJaMgRpoQKrm+FdMBkYSCjiynQ7DnX14k9fOiXSqW7i7y5es0jiw6REeogGx0icroFlVRDVH0iJ7RK3oznowX4934mLVmjHRmH/2B8fkDP1aU9A==</latexit>

p✓(G
t�1, Gt)

<latexit sha1_base64="cMGCy1kFP+znkVHrvV61zKmM4Pk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GPegxgnlAsobZySQZMju7zPQKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpBxzH3A/pQIm+YBSt1Lx9TPHMm3SLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTshJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEx/Jz2hOUM5toQyLeythA2ppgxtQgUbgrf48jJpnJe9Srlyf1GqXmdx5OEIjuEUPLiEKtxBDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPySyPOg==</latexit>

Gt�1

<latexit sha1_base64="KgOoghprKYaSqUdiI7SkMc7G13U=">AAACFXicbVDLSgMxFM34rPU16tJNsAgVapkRqa6k4KIuK9gH9EUmTdvYzGRI7ghlmJ9w46+4caGIW8Gdf2P6WGjrgcDJOfdy7z1eKLgGx/m2lpZXVtfWUxvpza3tnV17b7+qZaQoq1AppKp7RDPBA1YBDoLVQ8WI7wlW84bXY7/2wJTmMriDUchaPukHvMcpASN17FxThkwRkCogPovLSt4zan5JtjkgEJeSdgynbpLDpTacdOyMk3cmwIvEnZEMmqHcsb+aXUkjnwVABdG64TohtGKigFPBknQz0iwkdEj6rGHoeAXdiidXJfjYKF3ck8q8APBE/d0RE1/rke+ZSp/AQM97Y/E/rxFB77IV8yCMgAV0OqgXCQwSjyPCXa5MBmJkCKGKm10xHRBFKJgg0yYEd/7kRVI9y7uFfOH2PFO8msWRQofoCGWRiy5QEd2gMqogih7RM3pFb9aT9WK9Wx/T0iVr1nOA/sD6/AHjC585</latexit>

Projector(Ĝt�1, Gt)

Nodes: directly accept the candidate  

Efficiency of Projector 
- Only affects sampling 

- Blocking edge hash table: only perform edge check once 

- Reverse is edge addition process - can leverage incremental property checkers  
- e.g. planarity:             →                       

<latexit sha1_base64="SASBQkVZpO3QfpkRilSy5fUy7zI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OLNCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPpppTH2BR5KFjGCTSfdVeT4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHz6rX6w2WlcZPHUYQTOIUqeHAFDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPPZ6Nuw==</latexit>

O(n)
<latexit sha1_base64="zWGxkyq1CAxDT4P78Wl2jLKjCIE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBFakJKIVI9FL96sYD+grWWy3bRLN5u4u1FK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzvIgzpR3n21paXlldW89sZDe3tnd2c3v7dRXGktAaCXkomx4qypmgNc00p81IUgw8Thve8GriNx6pVCwUd3oU0U6AfcF8RlAb6f6m0EYeDbDwcCKKxW4u75ScKexF4qYkDymq3dxXuxeSOKBCE45KtVwn0p0EpWaE03G2HSsaIRlin7YMFRhQ1UmmV4/tY6P0bD+UpoS2p+rviQQDpUaBZzoD1AM1703E/7xWrP2LTsJEFGsqyGyRH3Nbh/YkArvHJCWajwxBIpm51SYDlEi0CSprQnDnX14k9dOSWy6Vb8/ylcs0jgwcwhEUwIVzqMA1VKEGBCQ8wyu8WU/Wi/Vufcxal6x05gD+wPr8AdErkW8=</latexit>

O(↵(q, n))

Edges: iteratively and randomly add candidate edges that preserve property



RESULTS
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Synthetic Datasets: state-of-the-art performance

Digital Pathology: beats unconstrained models by up to ~70 percentage points

Other results: using ConStruct for controlled molecular generation, likelihood-based variants, etc.



CONCLUSION
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- ConStruct guarantees structural constraint satisfaction in graph discrete diffusion models 

- ConStruct allows for domain knowledge integration into the generative process → State-of-the-art performance


