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Algorithm 1 1] DCPE ) PyTorch tH{{s%

# codebook: size [N, d]
# k: target number of clusters
dist = torch.cdist(codebook, codebook, p=2)
dist.fill_diagonal_(float('inf'))
sizes = torch.ones(N)
labels = torch.arange(N)
for min range(N, k, -1):
# get position of nearest clusters
min_pos = torch.argmin(dist.view(-1), dim=0)
min_pos_i, min_pos_j = min_pos//m, min_pos % m
# get real cluster index since dist is merged
label_i = get_real_label(min_pos_i)
label_j = get_real_label(min_pos_j)
# update cluster index label
labels[labels == label_j] = label_i
# add j-th row/column to i-th row/column
sizes = add_j_to_i(sizes,min_pos_i,min_pos_j)
dist = add_j_to_i(dist, min_pos_i, min_pos_j)
# remove j-th row and column

sizes = remove_j(sizes, min_pos_j)
dist = remove_j(dist, min_pos_j)
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TABLE I
FEAGETHRIEN LLaMAGEN [?] £E 256 x 256 /PR R IMAGENET LiP:RE

Method # Para. # Vocab. | FIDJ IST Precision? Recallt
LlamaGen-B T [?] 111M 16384 5.29 185.7 0.84 0.45
+ k-means 94M 8192 5.56 188.4 0.83 0.44
+ DCPE 94M 8192 4.83 198.8 0.82 0.47
LlamaGen-L T [?] 343M 16384 3.68 248.9 0.83 0.52
+ k-means 311M 8192 4.08 216.7 0.79 0.55
+ DCPE 311M 8192 3.34 238.4 0.81 0.54
LlamaGen-XL T [?] 775M 16384 3.14 269.9 0.83 0.54
+ k-means 719M 8192 3.32 240.1 0.79 0.58
+ DCPE 719M 8192 2.86 267.4 0.82 0.56

T indicates results reproduced using the official code. ¢ # Vocab.” denotes the codebook size for the baseline and the number
of clusters for cluster-based methods. Our DCPE achieves comparable or even better performance than the baseline using
fewer parameters and a smaller vocabulary size, especially on smaller models, while k-means shows degradation due to its

inferior codebook prior.
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Fig. 3. Jsi/k: LlamaGen-B {EA A IR #ERER I M HE T3 (T DCPE
HIEKINZE. DCPE 2B TS AR 555 1T DAA RO A i 8

REW, @ik DCPE $REUN R LTINS EINE T H
FIEBL R R 8. Bilan, i T EE 5 ELAHER FID F1
IS, #iJfl DCPE #4455 BISEEL T 42 % F1 55 % [N
o I ZAH I ECE R B R, AT YA ME FID PR T
0.46, FHf# IS #2557 13.1.

R4 CTF 7] PRI k-means fifi Jf 75 2311 45
RAGRGAAEBAL (311M 2%%) , #&A1 DCPE Eﬂ@&
HAEAMAE R I R 47, 40 Table | R, FATH—
TSRS N— 2L CTF HOASAIAL R K5
RN 3 B SE AR IC . (H i T RO ER SR IR R B,

BATINGE— /N RZ TR SN, Mg CTF H5kE. a0
Table [l F 7%, FIH—DIE 26M S5/ NS 4010

AR, AT TR PRy, R BAE S T
IS sr4 b, X FRHIEUG v BT 4. SR, FRATIERH]
FID GRMTI0E, FATRILI TR0 AT 3 3500 /07
%%, Bk FID a2k o Fil gk B o0 11 2 [0 1 22 572
HEAEENZ, 7 LlamaGen-L fil LlamaGen-XL |, ffi

TABLE II
NS HBIRIYE DCPE LigRHL.

Method # Para. | FID| ISt Pr.t Re.
DCPE 94M 4.83 198.8 0.82 0.47
+ refine 94+-25M 5.02 204.5 0.84 0.45
DCPE 311M 3.34 238.4 0.81 0.54
+ refine 311+25M 3.41 248.7 0.83 0.52
DCPE 719M 2.86 267.4 0.82 0.56
+ refine 719+25M 3.11 273.4 0.83 0.54

Evaluations are conducted under the same settings as in Table ﬂ “t
refine” means a small one-layer attention network is trained to refine
the predicted clusters into tokens, similar to what CTF [?] .
Explanations of the performance gap can be found in Section @

PRSI 46 R A R SR I S5 R (Table f ),

IS ER L i N DN bl ARG T HA
B SRR AR AL () Section ), RBLIXFER

FH%TﬁtE’Jﬂ%F%#%T%@IﬂEﬂO

AT 2 DCPE nf ATER AT AR token 41
UG o Tr) e PR A, FRATTRE G 1 R 43 TR e s 6
WKIH GigaTok [?] , @ Table [Tl firn. T 4rimgei
PR EY K (10 x 250, FiiiE AT oEm s
TR TERE. SR, 45 SRR ER DCPE ZEAN[R] 1]
ICETET k-means. [HFERENE, FEFNL R/,
PEREZEPE ARG N 3% . XA, Fﬁﬁ% RIFHER, k-means
AT R AR R B AN R 1 L token [ 7I‘E H:ZT DCPE
e R BT AT MR B T A i i

BATRFRATH DCPE £53) IAR i % ﬁﬂk
A k-means E2E. SEIAHATHE Section 0 V—
iR . 40 Table Fﬁ/T A8 DCPE £ k-means ¥
RAEYHER T IAR fybEsE. XFhekdErT AHEF DCPE
REAS HR IO FLF BIRE Ty D AR o8, AT A B 1815 2E s
BN G4 s i Rl B R

C. @t \#fr
A Section LA frit i, Rif1# kmeans fEA

2 RRFFAE 25 IEU*T;EEU LA U0 2 BT PR T 7 A K B 11
A A Ilﬂ%#ﬁﬁuEE%K@@%o N T pRIX L ]
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TABLE III TABLE V
i BB ARic g GieaTok-B-L i DCPE #E6E [?] . X PR BB T A R .
Method # Vocab. | FID| ISt Prf Re? Method | C-F  Agglo. | FID] IST
GigaTok 1 [?] 16384 | 3.39 263.7 081 0.55 k-means X X 5.56  188.4
Tk 3192 367 2598 079 056 k-means++ X X 5.33 187.9
-means . . . . :
DCPE .2 197.
+ DCPE 8192 ‘ 365 261.5 0.80 0.5 CPE w/ centroid % v 5-25 1975
k-means w/o centroid v X 5.01  189.3
+ k-means 4096 4.74 240.2 0.77  0.55 DCPE v v 4.83 198.8
_ Lt 4096 = 2493 078 0.56 Evaluations are conducted under the same settings as in Table ﬂ

Evaluations are conducted under the same settings as in Table E
 indicates results reproduced using the official code. Our DCPE
consistently outperforms k-means clustering across different vocab-
ulary sizes.

TABLE IV
% DCPE #4i3| IAR &M IMAGENET LHERELLEL . RN
256 x 256,

Type | Model # Para. | FID] 1St Pr.t Re.t
BigGAN [?] 112M 6.95 2245 0.89 0.38
GAN GigaGAN [7] 569M 3.45 225.5 0.84 0.61
StyleGAN-XL [?] 166M 2.30 265.1 0.78 0.53
ADM [7] 554M 10.94 101.0 0.69 0.63
i, | CDM [7] - 488 1587 - -
| LDM-4 [7] 400M | 3.60 2477 - -
DiT-XL/2 [?] 675M | 2.27 2782 0.83 057
Mask MaskGIT [?] 227TM 6.18 182.1 0.80 0.51
" | MaskGIT-re [7] 227M | 4.02 3556 - -
VAR-d16 [?] 310M | 3.30 2744 0.84 0.51
VAR VAR-d20 [?] 600M 2.57 3026 0.83 0.56
VAR-d24 [?] 1.0B 2.09 3129 082 0.59
VQGAN [7] 227TM 18.65 80.4 0.78  0.26
VQGAN [?] 14B | 15,78 743 - -
VQGAN-re [7] 14B | 520 280.3
ViT-VQGAN [7] 1.7B 4.17 175.1
ViT-VQGAN-re [?] 1.7B 3.48 175.1
AR | RQTran. [?] 3.8B 7.55  134.0
RQTran.-re [?] 3.8B 3.80  323.7 - -
LlamaGen-B T [?] 111M 5.29  185.7 0.84 0.45
LlamaGen-L T [?] 343M 3.68 2489 0.83 0.52
LlamaGen-XL T [7]  775M | 3.14  269.9 0.83 0.54
IAR-B [?] 111M 5.14 202.0 0.85 045
+ DCPE 111M 5.12 209.5 0.86 0.44
AR | TAR-L[7] 343M | 3.18 2348 0.82 053
+ DCPE 343M 3.14 249.5 0.83 0.53
TAR-XL [?] 775M 2.52 248.1 0.82 0.58
+ DCPE 775M 2.49 270.8 0.83 0.58

T indicates results reproduced using the official code. Replacing
the default k-means clustering with our DCPE improves the per-
formance of TAR.

AL, AT A S ) SR SR SR 2N T U R S T Rk A T
SE%y, 40 Table M fron. BT 34 k-means [ H & ILAZ
& k-means++, FATIBMSZIEAL T B3 B 2H0 om0 B8
BEITEMRCE. AT RERRRERNE W, FRATERAW
DCPE & TRETSLAIR S . A5, T B
MATE OB TR, AT A G 24 k-means FE
o, AR RREAAE . ZEREH, XA EAREA BT
WA RO U ADAS A SE56, AT B TR e
BRI T2 BE 8257 v DBSCAN  [?] W] REZE i I
WA, (HRFENICEERRRNEE, S5 eER
TIRAT S A SERR, IR R E TN A LS .

1) % ¥ a5 tamE - FAllny DCPE FEion 47 N
B vl SO BUBE J5 T A 20, 4 Section [II-B A firisf
W, i EELE -SRI, X, FAE
LlamaGen tokenizer [?] 500 A EGFric B B —4£

“C-F” means centroid-free and “Agglo.” means agglomerative clus-
tering. Both two main components of our DCPE contribute to
improved generation performance.

BEPRIC TR e, RSB AL 3 B A A% B A A
. BACkYE, FAM ImageNet BiESE 3£ T 50,000
KEG, XTI OES . EEENESS ERE
BIFTIE, HEAEANFR R TR rFID, PSNR
A SSIM  [?], [?] . BB LlamaGen {05545 A $2 44t
PSNR F1 SSIM PEAGFSEEL, FRATE0E# AMeE, IR
Python fi scikit-image 9% AH M DI REFEAT AL . i I HF
J& LlamaGen FUZARICHEPALIRATAPHALSLHE, FRATREDS
B LlamaGen &3 HRER rFID fil PSNR {H. A1,
SSIM Z5 55 AR S A lAFAE 2ZE 7. AR A TR, 3%
s TIERMNZ ISR .

Table VI 945K, 5 k-means A, A HFA]
i) DCPE F=AE R SEE G R N E D, FEE
DRI, BEREIIBIRIG R, X— RS M .
gEILEH, FATH DCPE B i HbrE PR H51E L —3K
P, SRS E AR R L A

2) KoM o K TIEFRATY) DCPE e84 RuAL#E
AN AIAMC RSB, AT T i k-I9(E R M
A1 DCPE A sl R E RN, W Fig. Y B, H
TGP RI AL, AR T LlamaGen 1) 16k K/)N
PRSP RIEAL 128 MR, S5 R, K- IIETE N R
FIHHII M AN, X5 Section (DL n
FE 2 BRI EA AT g . b2, DCPE pF24 T
K/NERIE) R XMAFIHETRMEGRELE
W, 2 IRBE LG A AL AR IC AR B AL N AL, Ikt
e k-IER R FEZE B R, X 2R AR .

3) RRLE T A ¢ FATEARF BRI KN R
i3 A1) DCPE, BPREMEE, I E NG
TR, 45540 Table R e AN SR B BN
TR/ AR R E SR, Wk, 7E “# Para ¥l
WAS AR SRR N AR AL . g5 R BN, i 8/ MANL
TN R A R 2. X FE AL &4 2 R [H)—
R AR IC R G SRR NI E TS AR TN 2 4
tb, S8 R ER I an T g R SR, ATAEL, 51
A B2 AU 2 R i S ORI T DA S S R
FEERE. BlAN, MIERC R/ 2048 B, REAIBLES T 5
ERAONBEEA S TERE, BAEHMSECE D, SR, 2R3
KNG/, B 1024, RPN ZHE SUR &3 T4
RSB RSO

TE Section L, FATHE TS CTF REIFZ, F4T
NN T ——ZHHER TN, X15mTFK11% DCPE
AL BRI PERE . AT 253047 75258, AR
FH R RS 40 A 2 215 B4 i T SR 2R i 2E Wi AL i 1k
f. 0 Table VI JF75%, B4 AORS AN HAI (UL (SLHY S
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TABLE VI
B bmn B R e

Method 4+ rFID, PSNRT SSIMf
Vocab.

w/o replacement 16384 ‘ 2.20 20.69 0.514
w/ k-means 8192 4.14 19.57 0.471
w/ DCPE 8192 3.48 19.78 0.479
w/ k-means 4096 8.27 18.90 0.442
w/ DCPE 4096 7.23 19.01 0.447

‘We replace image tokens extracted by the Llama kenizer with
random tokens from the same cluster (see Sectiof@)). tindicates
results reproduced with the official code. Using clusters from our
DCPE shows less performance degradation due to consistent token
semantics in each cluster.
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3 25%
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Fig. 4. il k-means RAFFLAIH) DCPE FRIFMRAK/ M. FATM
KN 16k BfsA G 128 AR, IFEUT R ok BLA B IASK
LR LR . AT DCPE F=A4 7 HAT R LR/ MR,
X5 token % BEI A R B — 8.

/NPERESR T, IR, TEBRATRBCE (IR =8192)

T, BARRNMARICEI SRR, BEPLERE

%E@Zo P, RERRRETG A APRC R 5] B K i Ak
1738

D. 53k F

BT BEREALERER IS AEXT SR T R 2B RT 0 B [m A
YA T8 2 R A 25, FRATEEAT T 60 AN [F] Rl AL i
PR FRoscas. R, BATPAL T4 E G &, PAVE
xR RTE R A E M. 0 Table JioR, RS
HIVEM FEARAE AR R I BEALRR 7 N REE—20, (OWERE]/INY
PRifE2E . X EEgE R AT DCPE A s aE N RN
FARIC A 1 B R SO . (R, REPLSE B bR e %
ET%M%%XW@, SEE R 2R R FE IR A A
BN,

HZHimwrseEel (2, 170, 170, 71, RATEARRE W
Classifier-Free Guidance (CFG) ¥#8 T Hi45A4 id5r,
Fig. J fim. SOAN LN 8, RILH CFG (H7=4: w
9 FID 208, RS U 9 B K% X5, M
&, By CFG ('S 308 &) inception 4304, [em 1 &
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TABLE VII
£ LLAMAGEN-B |-, DCPE TEA R & FR9 Mg

Method # Para. # Vocab. ‘ FID| ISt Precision?T Recallt
LlamaGen-B T [?] 111M 16384 \ 5.29 185.7 0.84 0.45
DCPE 94M 8192 4.83 198.8 0.82 0.47
+ refine 94M+-25M 8192 5.02 204.5 0.84 0.45
DCPE 92M 4096 5.52 191.8 0.80 0.48
+ refine 92M+24M 4096 5.66 207.0 0.84 0.43
DCPE 89M 2048 9.44 161.5 0.73 0.50
+ refine 89M+22M 2048 5.85 208.8 0.82 0.45
DCPE 87M 1024 18.70 111.0 0.63 0.49
+ refine 87TM+21M 1024 7.21 193.5 0.80 0.41

“+ refine” means a small one-layer attention network is trained to refine the predicted clusters into tokens.
Smaller vocabulary sizes tend to perform worse, while a small refine model can effectively improve performance,
making a model with less parameter and smaller vocabulary perform comparably to the baseline.

TABLE VIII
DCPE #£ LLAMAGEN-B A A RIRE BRI/ M 1 g

Method # Layers # Para. # Vocab. ‘ FID] IST Precisiont Recallt

LlamaGen-B T [?] - 111M 16384 | 5.29 185.7 0.84 0.45

DCPE - 94M 8192 4.83 198.8 0.82 0.47
+ refine 1 94M+25M 8192 5.02 204.5 0.84 0.45
+ refine 3 94M+41M 8192 5.18 204.7 0.84 0.45
+ refine 6 94M+62M 8192 5.21 204.9 0.85 0.45
+ refine 9 94M+83M 8192 5.20 205.8 0.85 0.45
+ refine 12 94M+105M 8192 5.19 206.3 0.85 0.45

“ # Layers” indicates the number of attention layers in the refine model. Default settings are highlighted in gray. Scaling
up the refine model leads to only marginal performance gains, because our DCPE generate high intra-similarity clusters,

reducing the need for refinement.

TABLE IX
A R B LR AT 2

TABLE X
KTHE TAR 5 DCPE — &6 M @SB H T -

Method # Seed FIDJ IST
Vocab.
LlamaGen-B 1 16384 0 5.29 185.7
7
0 4.83 198.8
1 4.92 199.1
DCPE 8192 2 4.93 195.4
3 4.84 197.6
4 4.84 198.7
Std. - - | 0.044 1.359

Evaluations are conducted under the same settings as in Table E
The default settings are highlighted in gray. The results show
minimal variation due to the high intra-similarity clusters generated
by our DCPE.

HE e IR 2 NP XS, ASRAYHTTE AT LA
WREARN T EARBIL AR R

VI. 4518
FEXT LA, FATHFTE I8 1 B 535 T A ] R
1 k IERAAEACH FE AL A BE 10 PR A AU i 2R
AR s 1) 22 5 AT Lo B AN TR D, Oy T 4R LR
RS, FAIBEH T AR EER RS (DCPE).
S AT R S B R AU TSR OB RS, DAL
S PR . iR R A &I, DCPE #f—

# A FID] ISt Precisiont Recallf
Cluster

512 1.0 ‘ 5.12 209.5 0.86 0.44

0.2 5.15 202.6 0.85 0.45
512 0.5 5.37 200.7 0.85 0.43

2.0 5.33 198.2 0.86 0.43
128 5.29 204.9 0.86 0.43
256 1.0 5.15 203.6 0.85 0.44
1024 5.23 202.3 0.85 0.45

Evaluati are conducted under the same settings as LlamaGen-B
in Tableoﬂ. “ # Cluster” refers to the number of clusters, and A
indicates the weight the cluster-oriented cross-entropy loss. Results
obtained under the default setting are highlighted in gray.

A5 T PR B o S P DR A R 25 ) 2 e . RS
5], DCPE Je BRI, I B Foae g i) B U
TR BRI AT . A RO A B AR LA B,
DCPE 3% 1 AU & I 1l 45
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Fig. 6. #i/]#&A1# DCPE fil CFG % 4.0, jifiit LlamaGen-XL AR AI R . Bt 78 242 sREAs
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