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What makes this tokenizer different? 3. Reconstruction with A Variable Number of Tokens 4. AR Generation with A
~ ~ 1 Token 2 Token 4 Token 8 Token 16 Token 32 Token 04 Token 128 Token 256 Token I
e 1D Causal Tokenization — An ordered structure where | ~ e e = Va"flble Nélmber of Tokens ' ' .
: : : " | ‘ ' £ W m n) Code & Project
token importance follows a hierarchical pattern. ( / LlamaGe Models Page
e PCA-Like Structure — Earlier tokens contain most 1Token  2Token  4Token 8Token  16Token  24Token 32 Toker
significant information, while later tokens refine details.
e Semantic-Spectrum Decoupling — ensuring tokens T = Sleal TR
capture high-level rather than low-level artifacts. B e o e ) -
1. Semantic-Spectrum Decoupling
Method #Token Dmm. VQ | rFID] PSNRt SSIMt Gen. Model Type #Token #Step gFID| IST
1/4 of All Tokens  2/4 of All Tokens  3/4 of All Tokens  4/4 of All Tokens TiTok: both semantic MaskBit [55] 256 12 v 1.61 - — MaskBit Mask. 256 256 1.52 328.6
| uf , ’i" ) o RCG (cond.) [27] 1 256 X — — — MAGE-L Mask. 1 20 3.49 215.5
st detalls and spectral MAR [28] 256 16 X | 122 - - MAR-L ~ Mask. 256 64 178 2960
" ower Iincrease Ti1Tok-S-128 [60] 128 16 v | | - — MaskGIT-L Mask. 128 64 1.97 281.8
p
- Ti1Tok-L-32 [60] 32 8 v 2.21 - — MaskGIT-L Mask. 32 8 2.71 194.0
SlmUItaneOUSIY. VQGAN [13] 256 16 v 7.94 - - Tam. Trans. AR 256 256 520 280.3
VIT-VQGAN [57] 1024 32 v 1.28 — — VIM-L AR 1024 1024 4.17 175.1
Ours: RQ-VAE [26] 256 256 v | 3.20 = = RQ-Trans. AR 256 64 3.80 3237
o : VAR [49] 680 32 v 0.90 — — VAR-d16 VAR 680 10 3.30 274 .4
1) Semantic clarity w/ ImageFolder [29] 286 32/ | 0.80 - - VAR-d16 VAR 286 10 260  295.0
few tokens. LlamaGen [48] 256 8 v | 219 2079 0675 | LlamaGen-L AR 256 256  3.80 2483
. CRT [39] 256 8 v 2.36 — - LLlamaGen-L AR 256 256 2.75 265.2
2) CO"SIStent Causal MAR [28] 256 16 X 1:.22 — — MAR-L AR 256 256 4.07 232.4
spectrum across SEMANTICIST w/ DiT-L 256 16 X | 078  21.61  0.626 | eLlamaGen-L =~ AR 32 32 2.57  260.9
3) Coarse-to-fine - , , , - -
: N Competitive understanding, reconstruction, and AR generation. 9. Discussion
i hierarchy, mirroring
§ global precedence Top: quantitative results on ImageNet rec?onstruction and.autoregressive generation. Potential Applications
effect in human Left: linear probing; Right: reconstruction FID.
© Frequency  Frequency  Frequency  Frequency  Frequency vision. e Conie - e Unified understanding & generation, image compression, data
d256x16 d64x64 M Linear Probe Accuracy 519 analysis etc.
- o) O —— d128x32 = d16x256 @ PCA Percentage (%) > | —e— DIT-B, CFG=30 '
| | Concept Tokens (queries Null Tokens for CFG o o e B 247 - .. .
2. Semanticist ! o.eJ - < % Limitations/Future Work
> -960 g Q 17- e o . .
3 H o o % = ; e Inference Speed: Diffusion decoding is slower than direct pixel
-y 1) Causal ViT Encoder . il - g . \\\ regression.
b 45 Q 044 ~ 5.0 = _ . . . .
x o [ First k Concept Tokens 2) Nested Dropout for o 2 A 27- e Alternative Architectures: Flow-matching or consistency
ondition 13 =945 O —— T . \ , ,
P%‘?‘ like Struct(lurg 5 031 < E 137 2 o cromto T T models could improve efficiency.
- = ‘940 g S - ® .
| 3) Diffusion-Based DiT Sop i e A irniiiondiiupbndl I I . . | e Random Ordering: Compatible to random-ordered tokens could
DIT Decoder Decoder 1 2 4 8 16 32 64 128 256 1 2 4 8 16 32 64 128 256 be useful
T HToken Token '




