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[ Prompt. Three origami cranes in white, gold, and blue are perched on a black lacquered shelf above a blooming bonsai tree. ]
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GenEval 1
Two Obj.  Counting Color Attri.  Overall

Diffusion Models 07530
SDXL [2] 2.6B 0.74 0.39 0.23 0.55 0™
+FK (N = 8) [24] 2.6B - - - 0.65

Methods # Params

PixArt-Alpha [1] 0.6B 0.50 0.44 0.07 0.48 §°-72
DALL-E 3 [3] - 0.87 0.47 0.45 0.67
FLUX [4] 12B 0.81 0.74 0.45 0.66 o070
SD3 [61] 8B 0.94 0.72 0.60 0.74 i 5 4 5
AR Models Number(;f)samples
LlamaGen [10] 0.8B 0.34 0.21 0.04 0.32 1.4995
Chameleon [62] 7B - - - 0.39
Show-o [42] 1.3B 0.52 0.49 0.28 0.53
+PARM (N = 20) [20] 1.3B 0.77 0.68 0.45 0.67
Emu3 [11] 8.5B 0.71 0.34 0.21 0.54
Infinity 2B 0.8351 0.5923 0.6150 0.6946
Infinity+IS (N = 8) 2B 0.8969 0.6220 0.6550 0.7181
Infinity+BoN ( IV = 8) 2B 0.9201 0.6756 0.6700 0.7364
Infinity+Ours (N = 2) 2B 0.9278 0.7113 0.6775 0.7403 (b)
Infinity+Ours (N = 8) 2B 0.9501 0.7411 0.6800 0.7530
Table 1: Quantitative evaluation on GenEval . Figure 3: 154y i 26 (A%
e N El‘ 24k
2D 3D Non-
Model Ave. Color Shape  Texture Spatial ~ Spatial Numeracy spatial Complex
B-VQA B-VQA B-VQA UniDet UniDet UniDet S-CoT  S-CoT
Stable v2 [31] 0.4839 | 0.5065 0.4221 04922 0.1342  0.3230 0.4582 0.7567  0.7783
Stable XL [2] 0.5255 | 0.5879 0.4687 0.5299 0.2133 0.3566 0.4988 0.7673  0.7817
Pixart- o -ft [1] 0.5583 | 0.6690  0.4927  0.6477 0.2064 0.3901 0.5032 0.7747  0.7823
DALLE - 3 [3] 0.6168 | 0.7785 0.6205 0.7036 0.2865 0.3744 0.5926 0.7853  0.7927
FLUX.1 [4] 0.6087 | 0.7407 0.5718 0.6922 0.2863 0.3866 0.6185 0.7809  0.7927
Infinity [14] 0.5688 | 0.7421  0.4557 0.6034 0.2279 0.4023 0.5479 0.7820  0.7890

Infinity+IS (N =8)  0.5965 | 0.7746  0.5078  0.6501  0.2462 0.4194 0.6002 0.7803  0.7937
Infinity+BoN (V. =8) 0.6115 | 0.7950 0.5439  0.6886  0.2545  0.4205 0.6090 0.7870  0.7937
Infinity+Ours (N =2) 0.6151 | 0.7887  0.5578  0.6858  0.2697  0.4286 0.6112 0.7853  0.7936
Infinity+Ours (N =8 ) 0.6230 | 0.8073  0.5914  0.7121  0.2644 0.4302 0.6340 0.7880  0.7963

Table 2: Quantitative evaluation on T2I-CompBench .
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k. N Fig. 4 Fros, FATHIEIES AN T rREca ik, g, Fes—A 0742
CRAME”, AT IR 57 X SR AR A A HOR M HMELASE I . RS £
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ARFL#%@T%@ FEAHR MR Ty e m i) —4> e ARG, FRATPEA I it iy dpe (PP mAR
SRASRERA E%(Rf12mwﬁﬁu) —, Mﬁﬁﬂ#AOQIZ@%ﬁﬁFW
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SD3 Infinity Infinity—IS Infinity BoN Infinity -TTS-VAR

Prompt: An oil painting, where a green vintage car, a blue scooter on the |eft of it and a black bicycle on the right of it, are parked on the
road, with two birds in the sky

Prompt: A blooming garden path shows two orange marigolds leaning toward one yellow sunflower, all surrounded by lush green leaves,
with two butterflies hovering above them in a V-formation.

Prompt: An elegant dining table with a dark wooden surface holds two ivory candles burning gently, a crystal vase with three red roses,
and a silver tray holding two golden apples.

Figure 4: 5EVE UL . B—FT57R 1 A€ § 1 3 (SD3) [61] . Infinity A1 U 5] 45 % 5
WY Infinity A2 BUAYER, HARIMCAEE, KA hEE.

HORFERE ., BT RIMUE, FATE—L 0 AE 5 B BOR & R ERCR 2 05 a .
Table 3 Ff/R, '?J?ilui’iﬁﬁﬁtlﬁ R H—i&kﬂﬁiﬁ'ﬁﬁT?*% SR, BCRAYIEIL %A %
W, Bi4n, 5REE[6,9] ML, T RE [6,8,10] |- ImageReward A1 HPS B&A5 $2 5, {H Geneval
BRI F ER|PATE R FE S RS AR RIS R v A e BB AN R8s, FRAT3k
BERAERE 6 F19 J-47 8 REE.

1.0
c
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Figure 5: HORFEVESE. LW/ THEARREZ (0-11) R HAT R T BORFERYISTERLHET
ImageReward 73 (1) 224K . EIEIE/TTEPIETJ/UQM/%&'? AR T I A AR B — B
XRHIE VAR o, IHERTA RIEFRE &R, ALE 2 TEuE k.
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N  Resampling Scale GenEval ImageReward  HPS CLIP  Aesthetic
1 - 0.6946 1.132 0.3042 0.3366  0.5811
2 [6,9] 0.7133 1.2572 0.3066 0.3379  0.5801
2 [6, 8, 10] 0.7130 1.2591 0.3066 0.3381  0.5809
2 [6,7,8,9,10,11] 0.7114 1.2497 0.3067 0.3378  0.5810
4 [6,9] 0.7276 1.3534 0.3082  0.3398  0.5817
4 [6, 8, 10] 0.7247 1.3592 0.3085 0.3397  0.5822
4 [6,7,8,9,10,11] 0.7210 1.3558 0.3083 0.3398  0.5830
Table 3: FORFREZE S . IR N TR R EORAEREIEER, R T HORAEIRI 0 .
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(a) Potentials with N=2 (b) Potentials with N=4
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VALUE #1 MAX R B {7 HO 5 =78 77

BAE L. AE Sec. 4.3 HHRE, FATC LT A& T A AT R OR R LE HAT 0 i )
B G, ), AL eI ok SR AR ERE, JriA R nl A — 2. IR RR e,
DIFF JE4E 5 PR —HoK-F, REEFTN HUIAYEER . SUM KB EUE 1S, (HALEA
Xj?ﬁg g’?gﬁ VALUE Hl MAX J&/R THIRIRHE, A 6 SRR R RS, %
7N @ﬁg : Mo

76 Table 4 sHRYSR S N = 2,4 S —FU0LE T . EX BepAE e, DIFF 76574 Hbr -
FI G JAE SUM HuiG T — S n] sz i, (ELEIAR P B AR B . st g — 2ok e
T, VALUE F1 MAX 7£ 5 SCAHH K 48851, U1 GenEval, ImageReward Fl HPS, Hif5 T
B gy, RPN LR R A SRR T REME R . 5 83 MAX BRI R L TIR5r
W, T BN, FATRA VALUE e 53 .

oM. KT Sec. 5.3, PFLRMEIFAZRPrA R E#E A o SR10, £ VAR 55 R
RIGRCRAMENATRLE T — A Tetr EA TS LS, AR SRS REA , ARSI %
LA RIS FANEEE, WTHENRR, RRIETHHEELETY. o, 55
W BN AR, SR A AT A R Pk . Fig. 7 947 R I A: G et 01 A 25
RN UERR , MRUEE 2 FFaR AT ARG RIS R 8 B . 2406 1] DINOV2 S H 8] P31 i
i PCA JHATRIIALI , AR, DCBCARAE R KT IR R 5. Pk, 3]
A E B TR T R DR R R, DARFEARRZH, My KEZ T HErE, Fi5)
FEAEFRRAE AT BEANE I -

BORRE, f Fig. 7, RUE 2 (ORHIE LRI I045H, TIRE S MORFIEIR | KT Rk
LERRIALE. R, AL R LI O8RS N = 2,4
L5 LR 1 Table S 1. REBIH AT R IA MR (Best-ofN) MIAR, JF5E
PR AR IR FIOLEH SO, 5 UCRZEHHN 7/ BOFLE S T REYE, JF
FLE IR TEP A R A 0 SEA

FAESE U . FANTI T Table 6 HHIEAR Y TR IAFAL YA AR HLE . PCA Hl Pool #fi Hy
DINOV2 [30] #2HRHIFHIERYAEH, 0 Sec. 4.2 Fpif4iifiiR . BIR BT ) InceptionV3 [48]

N Potential GenEval ImageReward HPS CLIP  Aesthetic
2 VALUE 0.7133 1.2572 0.3066  0.3379  0.5801
2 MAX 0.7150 1.2510 0.3065 0.3379  0.5803
2 SUM 0.7130 1.2364 0.3064 03379  0.5801
2 DIFF 0.7006 1.1725 0.3042  0.3365  0.5798
4 VALUE 0.7276 1.3534 0.3082 03398  0.5817
4 MAX 0.7285 1.3495 0.3082 03398  0.5815
4 SUM 0.7244 1.3326 0.3082  0.3394  0.5830
4 DIFF 0.7030 1.2412 0.3051 0.3378  0.5808

Table 4: {1EG 3255 . IR BRI 5507 XA RS 4521 .
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Generated 0 1 2 3 4 5 6 9 12

Figure 7: A MU ARAY nT LA . SXBLRYSCAARAVE “—akiAUFRI AAT R IR 7. Aeiljg—ik
R R ELE?FHT”E@EWQ”&%DM?HRV?EFSLE’JT%M% DINOv2 fFﬂE XE
A, AU RO AR AR T AR /R 454 £ L

N Clustering Scale GenEval ImageReward ];7 Exliré‘;‘tor ((})e;lllﬁgzl Ima{gzlé;;vard

2 - 0.7087 1.2545 - :

2 [2] 0.7089 1.2513 2 Pool 0.7127 1.2720

2 [5] 0.7099 1.2558 2 Inception  0.7073 1.2727

P oeh GR DR

4 - 0.7244 1.3471 00 - :

4 2] 0.7300 1.3502 4  Inception  0.7207 1.3664

4 5 0.7293 1.3558 —

3 oy 0 1 Table 6: $FAFHRINE . BLFEER TR

— ANFFFESEIOT ISR . X L) PCA
Table 5: BRRLEZE. MWERRRTERFE il Pool %ﬁ%gﬂ DINOv2 ;;%Ex:a% —YERAE
R EREFTAIREER TSR ISR S50 S T S

FFIEAE ImageReward H1 R B, {HFE GenEval &I B AN, PCA “PIY3RHE THALH
%§ HBER M. FATRFICIAE T PCA [ patch-level FFAE 5 B %5 b 15 ML 48 2] (19 G5 44 FFAEAH

6 #iit

AT LA, FRATAE T 20— AT VAR B — I [ 4TS . il XA [l )R
JER AT, FATUEW] T TTS-VAR | HAE5E T [E WAL ERAE . BT REER SR R DL
FHTERAERME S, 55 VAR A SRR AN I Bl — 8. SRR IR AE PRAESY
gy ESioliling W‘&//"E‘J%’MMT%SEEZF%%_TW?Z%%E%O FANE BT AL
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7
B
A TTS-VAR )55k

FATLE Alg. 1 FfAR T TTS-VAR 5L, 75 VAR Zfad #2131 (Infinity [14] ) |
TTS-VAR [5G H 24 1 RUEE N B3R ZE AR5 Hs N ) B AR I . FERR 2RI RUE
T, TTS-VAR ﬁﬂ%ﬁﬂl%%/\}\%ﬁ@@@ﬂﬂjﬂ’]b o SR . A0, R 2
XA T IR, TR by DREARME N T it FEFEEBPORAER LR, TTS-VAR
{%Jﬂ(ﬁﬁﬁzﬁlﬁ%t/\l@%ﬁ% HMZ T AL bir DRGI AT AL+ AR

K
/0N o

Algorithm 1 TTS-VAR

Require: Scales S = {s1, s2, ..., Sk } , Descending batch sizes B = {b1,ba,...,bx } , Clustering
scales set S. , Resampling scales set .S, , Generative model § , Reward model 74 Extractor F',
Potential Score function P , Text prompt c .

: Initialize accumulated feature map fy with zeros.

1

2: for 1 € {1,2,..,K} do > Iterate through scales
3 r; < Generate(0, b;, s, fi—1,¢)

4 fis fici+mi

5: if s; € S, then > Clustering phase
6: x < Decode(f;)

7 feat + F(x)

8: index < KMeans++( feat, b;11)

9: fi < filindex]
10: else if scale € S, then > Resampling phase
11: x + Decode(f;)
12: Tw < 74(2)
13: p < P(rw)
14: index < Multinomial(p, b;11)
15: fi + filindex]
16: end if
17: end for

return Final generated images Decode( fx)

B VRGN 1 REUR

N Strategy GenEval ImageReward  HPS CLIP  Aesthetic
1 Raw Inference 0.6946 1.1320 0.3042 0.3366  0.5811
1 Ours 0.7253 1.3226 0.3084 0.3395  0.5822
2 Importance Sampling ~ 0.7022 1.1941 0.3051 0.3374  0.5807
2 Best-of-N 0.7087 1.2545 0.3069 0.3384  0.5813
2 Ours 0.7403 1.4136 0.3106 0.3411  0.5821
4 Importance Sampling  0.7116 1.2883 0.3067 0.3387  0.5815
4 Best-of-N 0.7244 1.3471 0.3083 0.3397  0.5820
4 Ours 0.7437 1.4605 03112 0.3414  0.5821
8  Importance Sampling  0.7181 1.3657 0.3085 0.3395  0.5810
8 Best-of-N 0.7364 1.4144 0.3103 0.3406  0.5820
8 Ours 0.7530 1.4995 03122 0.3420  0.5810

Table 6: A [FISRMEHIFF> o ARRIR T AR GHERIEHIZR .

FAIAE Table 6 H /R AR R R A TEANSE R . M%) UL, TTS-VAR TETA 515 [54, 53, 57,
58, 60] L*Hiﬁ??%&i%hﬂ%ﬁlﬁw@% £ Table 7 71, FRA15iH T GenEval [54] $54RH)4E
o EARITE , FATHTIA BB T AP AR RUE 55 1P e - ?tﬂ]ﬁlﬂiﬂl?
%ﬁ%é%a SERA LTS, AR R A S IR (50 B
B, LRHE= A ARAOHRRI R T AR S H R B 5 A R ~Eﬂj

10

www.xueshuxiangzi.com



BLULAE R, $M VAR PR R EE BN AT A ot R, S ROEARMELIE . SR, TTS-VAR
Eﬁb?éﬁ’@%ﬁﬁ, M T BEA P45 I B C B A =y, B SR 0 4 RORE AR 7 AR A ] e 4 i

Strategy Overall | Single Obj. Two Obj. Counting Colors Position  Color Attri.
Raw Inference 0.6946 1 0.9938 0.8351 0.5923  0.9293 0.2020 0.6150

Ours 0.7253 0.9938 0.9072 0.6518 09192 0.2096 0.6700
Importance Sampling  0.7022 0.9969 0.8497 0.6071  0.9268  0.1869 0.6475
Best-of-N 0.7087 0.9906 0.8789 0.6339  0.9242 0.1944 0.6300

[
|
Ours 0.7403 ' 0.9936 0.9278 0.7113  0.9318  0.1995 0.6775
Importance Sampling  0.7116 |,  0.9906 0.8840 0.6339  0.9318  0.1970 0.6325
Best-of-N 0.7244 1+ 1.0000 0.8969 0.6756  0.9242  0.1944 0.6550

I

|

|

I

0 00 00| & A BN N = —| =

Ours 0.7437 0.9906 0.9510 0.6994  0.9293  0.2045 0.6875
Importance Sampling  0.7181 0.9906 0.8969 0.6220  0.9318 0.2121 0.6550
Best-of-N 0.7364 0.9938 0.9201 0.6756  0.9444 0.2146 0.6700

Ours 0.7530 0.9969 0.9501 0.7411 09318 0.2172 0.6800

Table 7: GenEval {£{§. WFE /R T GenEval F#ENRA & TH, “Object” &2 “Obj.” f)4j
5, “Attribute” 2 “Attri.” WHE.

C PERE'SVFSNTFERI &

FANVEM RN TREE I A& Fig. 8 #1, GenEval, ImageReward F1 HPSv2 {45 fkh £k, DA
RMFEAR R N . PR, &AIITE TTS-VAR HAE S ERCE, HAAE]
—2)41) TFLOPs i1t T H B RAFE RN B4 N e .

0.7530- 14995 0.3122+

(@) (b) (©)

Figure 8: PEAEHINS T Flops. X3RN TR I ARAS I, PAVIEIMAE R, o
TEATIERIREE.

D {HRIESE

D.1 kgt

FEAIAE Table 8 WIS T RARAR R A SO PFRY I REBITTE . h T B Y o At R
B (A S REA RN ) Ok B B AR PR RE , SRS OUN -7 Fon. TEfRkRix st
BAEOUG, BT RN DL RN T FOREAE R PR s h PEREA S T, fER
JHAIAR S PPAGFE AR LA B BAT GE T R g

(EAFER AR, RIT Rk TN @ RERY ek, X m] DAV A 3L 2 R R 415 4540 %
FEVE, AR LSRG T 5 Se L B U TAE A . il R YRS AR o FORFE AT
BT R I VR A5 O P R SR TR SR AR R A R . X IR HE G iR A B E R A L
%%;E%%B‘Jﬁﬁ%%ﬂ, Frp E R AR B TR AU A i v o i i e 2 Dy TR 2 1

D2 B

FATTX AN (] g 28 Sl ASE B SR P40 o ) Ve AR B AE 2 8 (VALUE) #EAT T 1A, 1
#4 Aesthetic [58] . ImageReward [53] . HPSv2 [57] #l HPS+ImageReward. [+ HPS #

11

www.xueshuxiangzi.com



N Method GenEval ImageReward  HPS CLIP  Aesthetic

2 Infinity 0.6946 1.1320 03042 0.3366  0.5811
+BoN 0.7087 1.2545 0.3069 0.3384  0.5813
+Adaptive Batch Sampling - - - - -
+Clustering-Based Diversity Search 0.7220 1.2591 0.3072 0.3385  0.5816
+Resampling-Based Potential Selection ~ 0.7403 1.4136 0.3106 0.3411 0.5821

4 Infinity 0.6946 1.1320 03042 0.3366  0.5811
+BoN 0.7244 1.3471 0.3083 0.3397  0.5820
+Adaptive Batch Sampling - - - - -
+Clustering-Based Diversity Search 0.7294 1.3608 0.3095 0.3403  0.5824
+Resampling-Based Potential Selection ~ 0.7437 1.4605 0.3112 0.3414  0.5821

Table 8: JifE V6. AREER THMEITRIILRS .

ImageReward FYRUE A , X T HPS+ImageReward , AT S0 3l B FH X i ALY 114
TR, R R softmax BIFE [0,1] , e B EN NS AL

Ul Table 9 ffr7x, H#H, HASRKEMBIEERS(EHAH VAR B, fE N =4 H, 3E
2FA A ImageReward A2 A1 HPS #5284 7y HIFEAH SEFEAR A4S T e 7. FEAS R ARL R
ImageReward {ESEHGHTE B2, THEL N =2 /1, ImageReward ¥F GenEval H1 32 8 1 B
BRYATSEHAT, FEEAE HPS 9080 T HPS . FRATTRAHX U R T L RE 0% 77 Mt X 1 45 A
A, I HIF B NI RE ST -

N Reward Model GenEval ImageReward  HPS CLIP  Aesthetic
2 - 0.7087 1.2545 0.3069 0.3384  0.5813
2 Aesthetic 0.6966 1.123 0.3054 0.3366  0.6004
2 ImageReward 0.7403 1.4136 0.3106 0.3411 0.5821
2 HPS 0.7135 1.2246 0.3102  0.3391 0.583
2 HPS+ImageReward  0.7238 1.3522 0.3088 0.3402  0.5824
4 - 0.7244 1.3471 0.3083 0.3397  0.5820
4 Aesthetic 0.6842 1.1172 0.3056 0.3363  0.6114
4 ImageReward 0.7437 1.4605 03112 0.3414  0.5821
4 HPS 0.7255 1.2812 0.3154 0.3402  0.5843
4 HPS+ImageReward 0.7413 1.4128 0.3101 0.3406  0.5818

Table 9: AL RR . X 5KFME /R 1 B A [RS8 g Ay 25

D3 X iXH

7 Table 10 7, FATRR TAER EREBAEMTE LT, SIAFRE A SHTERFEL R
G, EDODRAE, S A LA R 1 LA B TR S R P RDIRAS Y Rk, IR IR TR
FEAS P2 AL . BRI, Ao v TR Bt T BB B LA d v 4 B30 AR AR S 5 0 28 40 A IS AT
RS Z R ZERE 33X AT DA 3 i) ik LEm Gl 9 5 1 vh DR I 2R 180, T SERAS AT R A &
ﬁiﬂﬂﬁ%ﬁéﬁ%o WME TR, R4 ImageReward fa5 F T, {HXE GenEval Ff A = 10.0 % )5 T
A=505N=4,

N Lambda GenEval ImageReward HPS CLIP  Aesthetic
2 - 0.7087 1.2545 0.3069 0.3384  0.5813
2 0.1 0.7065 1.2458 0.3065 0.3387  0.5811
2 0.5 0.7210 1.3167 0.3080 0.3400  0.5819
2 1.0 0.7222 1.3459 0.3087 0.3403  0.5821
2 5.0 0.7361 1.4010 0.3101 0.3410  0.5821
2 10.0 0.7403 1.4136 0.3106 0.3411  0.5821
4 - 0.7244 1.3471 0.3083 0.3397  0.5820
4 0.1 0.7308 1.3576 0.3089 0.3400  0.5816
4 0.5 0.7347 1.3918 0.3094 0.3406  0.5819
4 1.0 0.7418 1.4097 0.3099 0.3407  0.5820
4 5.0 0.7465 1.4500 0.3108 0.3412  0.5820
4 10.0 0.7437 1.4605 03112 0.3414  0.5821

Table 10: X JHfl. LM B8 TAA lambda {HRYZ5 R .

E W& affeaiR

FEATHE Fig. 9 /R T GenEval fgE R}, PALLE Infinity . Infinity-1S | Infinity-BoN F Infinity-
TTS-VAR [Tt . XEEZEH)EM GenEval [ SCASE R PRIFER, AFER—XT5 . PARTE.
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R B, CEREEENE. PR, JATHTTE N XG4 T S m R AR
BIAZEON S — AT KL, A RO TS . EM M RIGECE T, TTS-VAR )X
G TXERFS GG, FEHER s A ER R it o BUAN, FEA 06 AT, Bilke TS
AN G R IEAFEA A 3 2125 10 7787, TTS-VAR FEff @ ey, (18 AR A
AR R B (. ERNEEIE, a7, FOTIEA M T — N E R E W
CEEOEE R, R TR S E AR B BE

Fhaigm

2987 T VAR B, TTS-VAR 15 T A2 iR S SORREIA R —EehE, (2 G 2

A, HOE AR QIR R R, FATRYGHEIX A A AT RERT , A E R

AR, AT, FRATAAE, FRATA VAR A2 Bad R IR ABIETERRE BB N 51 3RS 5

ﬁﬁg%gigﬁﬁiﬁﬁﬁ*ﬂﬁﬁﬂﬁéﬁ%ﬁ%,%%@%@@i&ﬁﬂﬁ%ﬁé
H B A H,

G JRRPERA R LA

AR TTS-VAR AHH TR B/R i T REFASERIN 7orcsk, HEATH I 3 2R .
156, TTS-VAR A 58 SR SCAE 7R 5 2L iU 2 T Y55 (7 M1 RE . 1E 41 Table 7 HHAYAS-2>
PR, ABSRAFAE— SRR B, Fpdl 2 AE Position jX—I, HK, & TTS-VAR JF—4
AT R 2 A A A, A AR ) AR 2R B g P Y S R BR R, F Al 1 — 4 Ay
CEHA A AR, SRR, FATREERAMBE T e, AT RGN, HBET gy
FNREIE— R i ). AL, FRATI AL TTS-VAR 5 HAh (5 [m] =R 51 20 AL 20
AR, AR L — AR A ASS O 9 B R R S QA I B . X S8 %3 7 B 7R 3
ARF R A AT R B AN, [ I s A 2 403 xR T IR e
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Infinity- Infinity- Infinity- Infinity- Infinity- Infinity-

Infinit Infinit
y IS BoN  TTS-VAR y IS BoN  TTS-VAR
Prompt: a photo of a hot dog Prompt: a photo of a bus and a computer keyboard
Prompt: a photo of an airplane Prompt: a photo of a person and a clock
Prompt: a photo of an umbrella Prompt: a photo of two books
Prompt: a photo of a tv remote and a kite Prompt: a photo of three tvs
z ! :
Prompt: a photo of a sheep and a backpack Prompt: a photo of three ties
Prompt: a photo of a scissors and a stop sign Prompt: a photo of a computer keyboard left of a fork
Prompt: a photo of a laptop and a bear Prompt: a photo of a cell phone above a carrot
‘ h]
Prompt: a photo of a person and a sink Prompt: a photo of a white book and a red car
Prompt: a photo of a dog and a scissors Prompt: a photo of an orange cake and a brown pizza
Prompt: a photo of a zebra and an orange Prompt: a photo of a green carrot and a blue toaster
@ ie e ) ﬂj

Figure 9: WZ Ry PLALEER . FEAZ N GenEval $/3 A2y, o “IS” FoRd BIfER
FE, “BoN” FURffl N &, MINIWTIEN TTS-VAR o FATRR TAFREI, wiFp
Yok WAL B B RUEAEE R

14

www.xueshuxiangzi.com



References

[1] Junsong Chen, Jincheng Yu, Chongjian Ge, Lewei Yao, Enze Xie, Yue Wu, Zhongdao Wang,
James Kwok, Ping Luo, Huchuan Lu, and Zhenguo Li. Pixart-: Fast training of diffusion trans-
former for photorealistic text-to-image synthesis. arXiv preprint arXiv: 2310.00426, 2023.

[2] Dustin Podell, Zion English, Kyle Lacey, Andreas Blattmann, Tim Dockhorn, Jonas Miiller,
Joe Penna, and Robin Rombach. Sdxl: Improving latent diffusion models for high-resolution
image synthesis. arXiv preprint arXiv: 2307.01952, 2023.

[3] James Betker, Gabriel Goh, Li Jing, Tim Brooks, Jianfeng Wang, Linjie Li, Long Ouyang,
Juntang Zhuang, Joyce Lee, Yufei Guo, et al. Improving image generation with better captions.
Computer Science. https://cdn. openai. com/papers/dall-e-3. pdf, 2(3):8, 2023.

[4] Black Forest Labs. Flux. https://blackforestlabs.ai/
announcing-black-forest-labs/, 2024.

[5] Jiaming Song, Chenlin Meng, and Stefano Ermon. Denoising diffusion implicit models. arXiv
preprint arXiv: 2010.02502, 2020.

[6] Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic models.
NEURIPS, 2020.

[7] Daya Guo, Dejian Yang, Haowei Zhang, Junxiao Song, Ruoyu Zhang, Runxin Xu, Qihao Zhu,
Shirong Ma, Peiyi Wang, Xiao Bi, et al. Deepseek-rl: Incentivizing reasoning capability in
llms via reinforcement learning. arXiv preprint arXiv:2501.12948, 2025.

[8] An Yang, Baosong Yang, Beichen Zhang, Binyuan Hui, Bo Zheng, Bowen Yu, Chengyuan
Li, Dayiheng Liu, Fei Huang, Haoran Wei, et al. Qwen2. 5 technical report. arXiv preprint
arXiv:2412.15115, 2024.

[9] Aaron Grattafiori, Abhimanyu Dubey, Abhinav Jauhri, Abhinav Pandey, Abhishek Kadian,
Ahmad Al-Dahle, Aiesha Letman, Akhil Mathur, Alan Schelten, Alex Vaughan, et al. The
llama 3 herd of models. arXiv preprint arXiv:2407.21783, 2024.

[10] Peize Sun, Yi Jiang, Shoufa Chen, Shilong Zhang, Bingyue Peng, Ping Luo, and Zehuan Yuan.
Autoregressive model beats diffusion: Llama for scalable image generation. arXiv preprint
arXiv: 2406.06525, 2024.

[11] Xinlong Wang, Xiaosong Zhang, Zhengxiong Luo, Quan Sun, Yufeng Cui, Jinsheng Wang,
Fan Zhang, Yueze Wang, Zhen Li, Qiying Yu, Yingli Zhao, Yulong Ao, Xuebin Min, Tao Li,
Boya Wu, Bo Zhao, Bowen Zhang, Liangdong Wang, Guang Liu, Zheqi He, Xi Yang, Jingjing
Liu, Yonghua Lin, Tiejun Huang, and Zhongyuan Wang. Emu3: Next-token prediction is all
you need. arXiv preprint arXiv: 2409.18869, 2024.

[12] Chengyue Wu, Xiaokang Chen, Zhiyu Wu, Yiyang Ma, Xingchao Liu, Zizheng Pan, Wen Liu,
Zhenda Xie, Xingkai Yu, Chong Ruan, and Ping Luo. Janus: Decoupling visual encoding for
unified multimodal understanding and generation. arXiv preprint arXiv: 2410.13848, 2024.

[13] Keyu Tian, Yi Jiang, Zehuan Yuan, Bingyue Peng, and Liwei Wang. Visual autoregressive
modeling: Scalable image generation via next-scale prediction. Neural Information Processing
Systems, 2024. doi: 10.48550/arXiv.2404.02905.

[14] Jian Han, Jinlai Liu, Yi Jiang, Bin Yan, Yuqi Zhang, Zehuan Yuan, Bingyue Peng, and Xiaob-
ing Liu. Infinity: Scaling bitwise autoregressive modeling for high-resolution image synthesis.
arXiv preprint arXiv: 2412.04431, 2024.

[15] Jason Wei, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Ed H. Chi, F. Xia, Quoc Le, and
Denny Zhou. Chain-of-thought prompting elicits reasoning in large language models. Neural
Information Processing Systems, 2022.

[16] Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc V. Le, Ed H. Chi, Sharan Narang,
Aakanksha Chowdhery, and Denny Zhou. Self-consistency improves chain of thought rea-
soning in language models. In The Eleventh International Conference on Learning Represen-
tations, ICLR 2023, Kigali, Rwanda, May 1-5, 2023. OpenReview.net, 2023.

15

www.xueshuxiangzi.com


https://blackforestlabs.ai/announcing-black-forest-labs/
https://blackforestlabs.ai/announcing-black-forest-labs/

[17] Shunyu Yao, Dian Yu, Jeffrey Zhao, Izhak Shafran, Tom Griffiths, Yuan Cao, and Karthik
Narasimhan. Tree of thoughts: Deliberate problem solving with large language models. In
Alice Oh, Tristan Naumann, Amir Globerson, Kate Saenko, Moritz Hardt, and Sergey Levine,
editors, Advances in Neural Information Processing Systems 36: Annual Conference on Neural
Information Processing Systems 2023, NeurlPS 2023, New Orleans, LA, USA, December 10 -
16, 2023, 2023.

[18] Maciej Besta, Nils Blach, Ale Kubiek, Robert Gerstenberger, Lukas Gianinazzi, Joanna Gajda,
Tomasz Lehmann, Michal Podstawski, H. Niewiadomski, P. Nyczyk, and Torsten Hoefler.
Graph of thoughts: Solving elaborate problems with large language models. AAAI Confer-
ence on Artificial Intelligence, 2023. doi: 10.1609/aaai.v38i16.29720.

[19] Ruomeng Ding, Chaoyun Zhang, Lu Wang, Yong Xu, Minghua Ma, Wei Zhang, Si Qin, Sar-
avan Rajmohan, Qingwei Lin, and Dongmei Zhang. Everything of thoughts: Defying the law
of penrose triangle for thought generation. In Lun-Wei Ku, Andre Martins, and Vivek Sriku-
mar, editors, Findings of the Association for Computational Linguistics, ACL 2024, Bangkok,
Thailand and virtual meeting, August 11-16, 2024, pages 1638—1662. Association for Compu-
tational Linguistics, 2024. doi: 10.18653/V1/2024 FINDINGS-ACL.95.

[20] Ziyu Guo, Renrui Zhang, Chengzhuo Tong, Zhizheng Zhao, Peng Gao, Hongsheng Li, and
Pheng-Ann Heng. Can we generate images with cot? let’s verify and reinforce image genera-
tion step by step. arXiv preprint arXiv: 2501.13926, 2025.

[21] Dongzhi Jiang, Ziyu Guo, Renrui Zhang, Zhuofan Zong, Hao Li, Le Zhuo, Shilin Yan, Pheng-
Ann Heng, and Hongsheng Li. T2i-rl: Reinforcing image generation with collaborative
semantic-level and token-level cot. arXiv preprint arXiv: 2505.00703, 2025.

[22] Nanye Ma, Shangyuan Tong, Haolin Jia, Hexiang Hu, Yu-Chuan Su, Mingda Zhang, Xuan
Yang, Yandong Li, Tommi Jaakkola, Xuhui Jia, and Saining Xie. Inference-time scaling for
diffusion models beyond scaling denoising steps. arXiv preprint arXiv: 2501.09732, 2025.

[23] Yuta Oshima, Masahiro Suzuki, Yutaka Matsuo, and Hiroki Furuta. Inference-time text-to-
video alignment with diffusion latent beam search. arXiv preprint arXiv: 2501.19252, 2025.

[24] Raghav Singhal, Zachary Horvitz, Ryan Teehan, Mengye Ren, Zhou Yu, Kathleen McKeown,
and Rajesh Ranganath. A general framework for inference-time scaling and steering of diffu-
sion models. arXiv preprint arXiv: 2501.06848, 2025.

[25] Masatoshi Uehara, Yulai Zhao, Chenyu Wang, Xiner Li, Aviv Regev, Sergey Levine, and Tom-
maso Biancalani. Inference-time alignment in diffusion models with reward-guided generation:
Tutorial and review. arXiv preprint arXiv: 2501.09685, 2025.

[26] Ye Tian, Ling Yang, Xinchen Zhang, Yunhai Tong, Mengdi Wang, and Bin Cui. Diffusion-
sharpening: Fine-tuning diffusion models with denoising trajectory sharpening. arXiv preprint
arXiv: 2502.12146, 2025.

[27] Long Ouyang, Jeff Wu, Xu Jiang, Diogo Almeida, Carroll L. Wainwright, Pamela Mishkin,
Chong Zhang, Sandhini Agarwal, Katarina Slama, Alex Ray, John Schulman, Jacob Hilton,
Fraser Kelton, Luke Miller, Maddie Simens, Amanda Askell, Peter Welinder, Paul Christiano,
Jan Leike, and Ryan Lowe. Training language models to follow instructions with human
feedback. arXiv preprint arXiv: 2203.02155, 2022.

[28] Yuhan Liu, Hanchen Li, Yihua Cheng, Siddhant Ray, Yuyang Huang, Qizheng Zhang, Kun-
tai Du, Jiayi Yao, Shan Lu, Ganesh Ananthanarayanan, Michael Maire, Henry Hoffmann, Ari
Holtzman, and Junchen Jiang. Cachegen: Kv cache compression and streaming for fast large

language model serving. Conference on Applications, Technologies, Architectures, and Proto-
cols for Computer Communication, 2023. doi: 10.1145/3651890.3672274.

[29] Luohe Shi, Hongyi Zhang, Yao Yao, Zuchao Li, and Hai Zhao. Keep the cost down: A review
on methods to optimize llm’ s kv-cache consumption. arXiv preprint arXiv: 2407.18003, 2024.

16

www.xueshuxiangzi.com



[30] Maxime Oquab, Timothée Darcet, Théo Moutakanni, Huy V. Vo, Marc Szafraniec, Vasil Khali-
dov, Pierre Fernandez, Daniel Haziza, Francisco Massa, Alaaeldin El-Nouby, Mido Assran,
Nicolas Ballas, Wojciech Galuba, Russell Howes, Po-Yao Huang, Shang-Wen Li, Ishan Misra,
Michael Rabbat, Vasu Sharma, Gabriel Synnaeve, Hu Xu, Hervé Jégou, Julien Mairal, Patrick
Labatut, Armand Joulin, and Piotr Bojanowski. Dinov2: Learning robust visual features with-
out supervision. Trans. Mach. Learn. Res., 2024, 2024.

[31] Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjérn Ommer. High-
resolution image synthesis with latent diffusion models. arXiv preprint arXiv: 2112.10752,
2021.

[32] Aditya Ramesh, Prafulla Dhariwal, Alex Nichol, Casey Chu, and Mark Chen. Hierarchical
text-conditional image generation with clip latents. arXiv preprint arXiv: 2204.06125, 2022.

[33] Enze Xie, Junsong Chen, Yuyang Zhao, Jincheng Yu, Ligeng Zhu, Yujun Lin, Zhekai Zhang,
Muyang Li, Junyu Chen, Han Cai, Bingchen Liu, Daquan Zhou, and Song Han. Sana 1.5:
Efficient scaling of training-time and inference-time compute in linear diffusion transformer.
arXiv preprint arXiv: 2501.18427, 2025.

[34] Team Wan, Ang Wang, Baole Ai, Bin Wen, Chaojie Mao, Chen-Wei Xie, Di Chen, Feiwu Yu,
Haiming Zhao, Jianxiao Yang, et al. Wan: Open and advanced large-scale video generative
models. arXiv preprint arXiv:2503.20314, 2025.

[35] Haonan Qiu, Shiwei Zhang, Yujie Wei, Ruihang Chu, Hangjie Yuan, Xiang Wang, Yingya
Zhang, and Ziwei Liu. Freescale: Unleashing the resolution of diffusion models via tuning-
free scale fusion. arXiv preprint arXiv:2412.09626, 2024.

[36] Tero Karras, Miika Aittala, Timo Aila, and Samuli Laine. FElucidating the design space of
diffusion-based generative models. arXiv preprint arXiv: 2206.00364, 2022.

[37] Yang Song, Jascha Sohl-Dickstein, Diederik P. Kingma, Abhishek Kumar, Stefano Ermon, and
Ben Poole. Score-based generative modeling through stochastic differential equations. arXiv
preprint arXiv: 2011.13456, 2020.

[38] Tim Salimans and Jonathan Ho. Progressive distillation for fast sampling of diffusion models.
arXiv preprint arXiv: 2202.00512, 2022.

[39] Yang Song, Prafulla Dhariwal, Mark Chen, and Ilya Sutskever. Consistency models. arXiv
preprint arXiv: 2303.01469, 2023.

[40] Cheng Lu, Yuhao Zhou, Fan Bao, Jianfei Chen, Chongxuan Li, and Jun Zhu. Dpm-solver++:
Fast solver for guided sampling of diffusion probabilistic models. arXiv preprint arXiv:
2211.01095, 2022.

[41] Jiankai Sun, Chuanyang Zheng, Enze Xie, Zhengying Liu, Ruihang Chu, Jianing Qiu, Jiaqi
Xu, Mingyu Ding, Hongyang Li, Mengzhe Geng, et al. A survey of reasoning with foundation
models: Concepts, methodologies, and outlook. ACM Computing Surveys, 2023.

[42] Jinheng Xie, Weijia Mao, Zechen Bai, David Junhao Zhang, Weihao Wang, Kevin Qinghong
Lin, Yuchao Gu, Zhijie Chen, Zhenheng Yang, and Mike Zheng Shou. Show-o: One sin-
gle transformer to unify multimodal understanding and generation. arXiv preprint arXiv:
2408.12528, 2024.

[43] Doyup Lee, Chiheon Kim, Sachoon Kim, Minsu Cho, and Wook-Shin Han. Autoregressive
image generation using residual quantization. arXiv preprint arXiv: 2203.01941, 2022.

[44] Adron van den Oord, Oriol Vinyals, and Koray Kavukcuoglu. Neural discrete representation
learning. In Isabelle Guyon, Ulrike von Luxburg, Samy Bengio, Hanna M. Wallach, Rob
Fergus, S. V. N. Vishwanathan, and Roman Garnett, editors, Advances in Neural Information
Processing Systems 30: Annual Conference on Neural Information Processing Systems 2017,
December 4-9, 2017, Long Beach, CA, USA, pages 63066315, 2017.

[45] Yue Zhao, Yuanjun Xiong, and Philipp Krihenbiihl. Image and video tokenization with binary
spherical quantization. arXiv preprint arXiv: 2406.07548, 2024.

17

www.xueshuxiangzi.com



[46] Colin Raffel, Noam Shazeer, Adam Roberts, Katherine Lee, Sharan Narang, Michael Matena,
Yanqi Zhou, Wei Li, and Peter J. Liu. Exploring the limits of transfer learning with a unified
text-to-text transformer. J. Mach. Learn. Res., 21:140:1-140:67, 2020.

[47] Davin Choo, C. Grunau, Julian Portmann, and Véiclav Rozho. k-means++: few more steps
yield constant approximation. International Conference on Machine Learning, 2020.

[48] Christian Szegedy, Vincent Vanhoucke, Sergey loffe, Jonathon Shlens, and Z. Wojna. Rethink-
ing the inception architecture for computer vision. Computer Vision and Pattern Recognition,
2015. doi: 10.1109/CVPR.2016.308.

[49] Tomasz Korbak, Ethan Perez, and C. Buckley. Rl with kl penalties is better viewed as bayesian
inference. Conference on Empirical Methods in Natural Language Processing, 2022. doi:
10.48550/arXiv.2205.11275.

[50] V. Elvira and Luca Martino. Advances in importance sampling. Wiley StatsRef: Statistics
Reference Online, 2021. doi: 10.1002/9781118445112.stat08284.

[51] Art Owen and Yi Zhou Associate and. Safe and effective importance sampling. Journal of
the American Statistical Association, 95(449):135-143, 2000. doi: 10.1080/01621459.2000.
10473909.

[52] Kevin Black, Michael Janner, Yilun Du, Ilya Kostrikov, and S. Levine. Training diffusion
models with reinforcement learning. International Conference on Learning Representations,

2023. doi: 10.48550/arXiv.2305.13301.

[53] Jiazheng Xu, Xiao Liu, Yuchen Wu, Yuxuan Tong, Qinkai Li, Ming Ding, Jie Tang, and Yuxiao
Dong. Imagereward: Learning and evaluating human preferences for text-to-image generation.
Neural Information Processing Systems, 2023. doi: 10.48550/arXiv.2304.05977.

[54] Dhruba Ghosh, Hannaneh Hajishirzi, and Ludwig Schmidt. Geneval: An object-focused frame-
work for evaluating text-to-image alignment. In Alice Oh, Tristan Naumann, Amir Glober-
son, Kate Saenko, Moritz Hardt, and Sergey Levine, editors, Advances in Neural Information
Processing Systems 36: Annual Conference on Neural Information Processing Systems 2023,
NeurlIPS 2023, New Orleans, LA, USA, December 10 - 16, 2023, 2023.

[55] Kaiyi Huang, Chengqi Duan, Kaiyue Sun, Enze Xie, Zhenguo Li, and Xihui Liu. T2i-
compbench++: An enhanced and comprehensive benchmark for compositional text-to-image
generation. IEEE Transactions on Pattern Analysis and Machine Intelligence, 47:3563-3579,
2025. doi: 10.1109/TPAMI.2025.3531907.

[56] Xiaoshi Wu, Keqiang Sun, Feng Zhu, Rui Zhao, and Hongsheng Li. Human preference score:
Better aligning text-to-image models with human preference. IEEE International Conference
on Computer Vision, 2023. doi: 10.1109/ICCV51070.2023.00200.

[57] Xiaoshi Wu, Yiming Hao, Keqiang Sun, Yixiong Chen, Feng Zhu, Rui Zhao, and Hongsheng
Li. Human preference score v2: A solid benchmark for evaluating human preferences of text-
to-image synthesis. arXiv preprint arXiv: 2306.09341, 2023.

[58] Christoph Schuhmann, Romain Beaumont, Richard Vencu, Cade Gordon, Ross Wightman,
Mehdi Cherti, Theo Coombes, Aarush Katta, Clayton Mullis, Mitchell Wortsman, Patrick
Schramowski, Srivatsa Kundurthy, Katherine Crowson, Ludwig Schmidt, Robert Kaczmar-
czyk, and Jenia Jitsev. Laion-5b: An open large-scale dataset for training next generation
image-text models. arXiv preprint arXiv: 2210.08402, 2022.

[59] Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agar-
wal, Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, Gretchen Krueger, and Ilya
Sutskever. Learning transferable visual models from natural language supervision. arXiv
preprint arXiv: 2103.00020, 2021.

[60] Jack Hessel, Ari Holtzman, Maxwell Forbes, Ronan Le Bras, and Yejin Choi. Clipscore: A
reference-free evaluation metric for image captioning. Emnlip, 2021.

18

www.xueshuxiangzi.com



[61] Patrick Esser, Sumith Kulal, Andreas Blattmann, Rahim Entezari, Jonas Miiller, Harry Saini,
Yam Levi, Dominik Lorenz, Axel Sauer, Frederic Boesel, et al. Scaling rectified flow trans-
formers for high-resolution image synthesis. In Forty-first International Conference on Ma-
chine Learning, 2024.

[62] Chameleon Team. Chameleon: Mixed-modal early-fusion foundation models. arXiv preprint
arXiv: 2405.09818, 2024.

19

www.xueshuxiangzi.com



