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1.1 BE3R & 7 BrushNet B4 A2 A

3A M B, BBIRALE A RKESEEFLRFHAAL T —4 % A BrushNet #9
£ 3 B %45 FAR AL BrushNet 2 — AN T4 #B0BE A 69 Bp 45 Bp B a5 S AR AL i A2 AL 69
— AN K HETRIGE BRI R BAFIE, 55— & Rt BAR AR, AP AE
PR A% & B BAL A AR NAET R G695 BARA P, A RIEL—RKERE
WRBRE E AR, TUEASAE L RETHETL,

B % 1: BrushNet £l#7 B85 E 4R

BrushNet : A Plug-and-Play Image Inpainting
Model with Decomposed Dual-Branch
Diffusion
Xuan Ju1'2, Xian Liu1'2, Xintao Wang“, Yuxuan Bianz, Ying Shan1, Qiang Xul*

TARC Lab, Tencent PCG

2The Chinese University of Hong Kong
* Corresponding Author

A young man with blue eyes and brown hair

Masked Image 7, Generated Image

2 ) N 9 ¢ O P

We propose BrushNet, a novel plug-and-play dual-branch model engineered to embed pixel-level mask image feature into
any pre-trained diffusion model, guaranteeing coherent and enhanced image inpainting outcomes. You can drag the white
line to see images before and after inpainting. Left: Masked Image. Right: Generated Image.

FA kB : Xuan Ju, Xian Liu, et al. {BrushNet : A Plug—and-Play Image Inpainting Model with Decomposed
Dual-Branch Diffusion), BEHiEKHF5CHT

BrushNet #9470 4)#7 B T 464 R ief i 5 EQES A AN R L5 X
FHATRIE, XA I BHRKHREE TR fde, B FEEA REGS VUE R 7 X
2 3 BR N2 AR 69 X A1
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1% fe ) & A0 T R AL AL AL B IRAE 9 BrushNet #9%r N. A BrushNet #2HR 4945 1Li8
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Blending

_________________________________

FF &R : Xuan Ju, Xian Liu, et al. {BrushNet : A Plug-and-Play Image Inpainting Model with Decomposed
Dual-Branch Diffusion), BRIk %A

RRAR S ANE AN K LIP4E T BrushNet, 28 R A 1€ £ B R 2 | 645 X I%
PR Ao A —BMEF 7 AR AR LA R TAARA,
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B %3: BrushNet %t % LK F

Metrics | Image Quality | Masked Region Preservation | Text Align
Models | IRx10t HPS ;2T AST | PSNRt LPIPS 3] MSE_, 3 L| CLIP Simt

BLD |[I] 9.78 2587  6.17| 21.33 9.76 49.26 26.15
SDI [33] | 11.72 27.06  6.50 | 21.52 13.87 48.39 26.17
S HDP [27]| 11.68 26.90  6.42 | 22.61 9.95 43.50 26.37
% PP [50] 11.46 27.35  6.24 | 21.43 32.73 48.43 26.48
S CNI[]] 9.9 26.02  6.53| 12.39 78.78 243.62 26.47
CNI* [51]| 11.21 26.92  6.39| 22.73 24.58 43.49 26.22
Ours 12.36 27.40  6.53| 21.65 9.31 48.28 26.48
Ours* 12.64 27.78  6.51| 31.94 0.80 18.67 26.39
BLD [I] 7.81 26.77  6.23| 15.85 35.86 21.40 26.73
o SDI[33] | 1027 27.99  6.55| 18.04 19.87 15.13 27.21
T HDP [27] | 9.66 27.79  6.46 | 18.03 22.99 15.22 26.96
& PP [56] 7.45 28.01 6.26 | 18.04 31.78 15.13 26.72
8 CNI 3] | 9.26 27.68  6.42| 11.91 83.03 58.16 27.29
CNI* [51]| 9.57 27.76  6.28 | 17.50 37.72 19.95 26.92
Ours 10.82 28.02 6.64| 18.06 22.86 15.08 27.33
Ours* 10.88 28.09 6.64| 27.82 2.25 4.63 27.22

* with blending operation

Quantitative comparisons among BrushNet and other diffusion-based inpainting models in EditBench

Metrics | Image Quality | Masked Region Preservation | Text Align

Models |[IRx10T HPS, 21 AST|PSNRT LPIPS, ;| MSE, (3| CLIP Simt

BLD || 0.90 23.81 5.44 20.89 10.93 31.90 28.62
SDI [ 1.86 24.24 5.69 | 23.25 6.94 24.30 28.00
HDP [27] 1.74 24.20 5.64 | 23.07 6.70 24.32 28.34
PP [56] 1.24 24.50 5.44 | 23.34 20.12 24.12 27.80
CNI [71] 1.49 24.46 5.82| 12.71 69.42 159.71 28.16
CNI* [71] 0.90 23.79 5.46 | 22.61 35.93 26.14 27.74
Ours 4.40 25.10 5.84| 23.35 6.81 24.11 28.67
Ours™* 4.46 25.24 5.82| 33.66 0.63 10.12 28.87

" with blending operation

FAH %K : Xuan Ju, Xian Liu, et al. {BrushNet : A Plug-and-Play Image Inpainting Mode!| with Decomposed
Dual-Branch Diffusion), E#%iERHF 5 AT

5 VLAt 89 B 1814 8 77 ik 48tk (4o Blended Latent Diffusion, Stable Diffusion
Inpainting, HD-Painter. PowerPaint %), BrushNet &9 R{%iL R4 5 48 /) LiE = &
KA. AWK, TRBEARTIFE T ARG THARGET M,

B %4: BrushNet # & ft H £ 7

A womawn in a Lotus position A black and red mountain bike besides a building

3. ‘F(ﬁ

Mowa Lisa bg Leonardo Da Vinel

(a) Mask (b) BLD (c)SDI (d) HDP (e)PP () CNI (g) Ours (a)Mask (b) BLD (c)SDI (d) HDP (e)PP  (f) CNI (g) Ours

FAHRR: Xuan Ju, Xian Liu, et al. {BrushNet : A Plug-and-Play Image Inpainting Model with Decomposed
Dual-Branch Diffusion), BEHiEKHF5CHT

1.2 AZB&Kimi K5

2024 % 3 A 18 B, AZK®@EH, Kimi FAEHF L H 200 752K LML
TX, #HFEARRM, Kimi FsFoEaig -ttt THRIERAFORMA, £3)
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EFEBRERERE, SR ARMXG S NN E, R E A, REMGEE. Kini
BEAT 2023 10 A, REAAIRR LA ST A R aFHEA IR 8] 4 69
—RKERT R ALK ENLH 200 7 F LT Loy P CRAER, Kimi MRS
T A EAMEFe IR 8 2R, B A DB BIARIEFAURR R T KA 3T, FI A5
REF . Al Bt Fed L BUSAE AT 5 T @ A T #1892 A%

BMA&5: $#200 7F L TP KRB Kimi &2 3R A

K Kimi 88eBhF

Kimi £8EBNF

#5200 AF ETFXT

Longer than long

FARR: AZREBMRT, BEIRIERI LA

£ 2 10000 1 BE A AR Y & ROG4RR, AAEREE 10 94, Kimi LA AL
T — AR NEE TR F. AP TR Kimi T EATRA AL, ik Kimi %
Bha e ke, RFE R AIWEEL, AT 4200 7 FABMET LA Kimi,
iR S AEAT — AN ITABAR A R AF R mdedn, Bl A2 ENT AT FFED
T3, Kimi ST A4EE R P g AL 4 b 577 2 B ILT 7 F e ig 4k LK
BHARE, Kimi TR EEI RN A TR N MRS, EARpRTEL
FH R EMIR, Kimi TARAZRBEAM FALER, FRAPsMEERSER G L E
WEBRET B AR EE AR, TR RE Kimi X T KA &6 P A
M, BPAR R B AR 6 TR SE XA AL Al B R AR ST AT
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& PDF, 27.06 M8 o POF, 23.74 MB

FHER: AZB@RART, BIRGLRH A
1.3 Al121 Z Jamba R Al A

Al21 N 83 T %% Jamba 89 K akdt Al A X 27 EH—AK A T Mamba
MRS = 1AL A (SSM) A= Transformer &2 M 69 K AL & = BAEAL, Jamba A% 4%
R BRHEAL ) AL Aok B Fobk AR K L. Mamba £ 40 F 1) B4 1 K 52 Ao AT K 2 49
FRAARRE, LZM*k Transformer A& Fl K, A LT A8 KRR E TR
%P8, f& Jamba 4 2 AT, Mamba RI¥I £ $152 G £ KA.
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B %7: Jamba #£% F iHEAL A 4. Bt &AMk I

Transformer Mamba Jamba
Highest Quality Output o (]
High Throughput ° 0
Low Memory Footprint (-] o

FHER: A1 ER, EIRIER T

Jamba #9 X A AR & & LLM A1 3769 AANE XK ZAZAR : % ) #off Mamba 5 Transformer
WALELS A —A, FH A SSM-Transformer B A B2 2| & = BB AR . £ R X
AL b b9 AL IR B R F AR KAEA “CPU” 89 Transformer, 122 CPU & — A A A 34X,
CPU .14 A —#b, Jamba 23t Transformer iX 7 B AT & #4 69 KAEA! CPU 49— A&
KA Jamba £ &A% & A& MK P 4R T RE R RTAA R R AR TR E

B %8: Jamba £ &P XK & MK F &AL F

Common Benchmarks Comparison

Reasoning Aggregated assesment
I l 1
HellaSwag Arc Challenge WinoGrande PIQA MMLU BBH TruthfulQA GSMB8K (CoT)
LamaZ 80.7% 59.4% 72.8% 80.5% 54.8% 39.4% 37.4% 34.7%
o 7% ! 8% 5% 8% 4% 4% 7%

o 85.3% 80.2% 82.8% 69.8% 51.2% 44.9% 55.3%
Somme 81.2% 53.2% 72.3% 81.2% 64.3% 44.8% 44.5%
Al 86.7% 66.0% 81.2% 83.0% 50.3%
Jamba 64.4% 67.4% 45.4% 46.4% 59.9%

FARR: AI21F R, ERGERS P

1.4AIGCEEXEH

OpenAl 7 2018 SFdfh % — X GPT B, AR A AZEH 1.17 LA, 5 GPT
BARR R, Sz p AR EANREOEK, B GPT3, A% F & 1750 1,
ABEL T A0X GPT 38 K T 14 1500 45, FIIZAMKAEE L &M 56B #2272 7 45TB, 1FEEA
SR E AT FAARF 9 FA, BRA AR I T WK KRS
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B #%9: Chat—-GPT A& & 5 & K

A RATET [A] SHE Tl gsE &
GPT 20184F 6 H 1.17 12 #) 5GB
GPT-2 2019 4E2 H 15 12 40GB
GPT-3 202045 H 1750 12, 45TB
GPT-4 202343 H KA RAS

FHRR: PEASHER, BBRIERG AT

A&10: SETREINGHHE K3k

Total Compute Used During Training
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10 I I I I
D @ il Q N Q& @
& P e N &

2 /\@fb « <& @ & N

1

Training Petaflop/s-days
8

3 N
& & 5+

N2 Q Q0 Q
K o A (5\5 0
el ,\’b < o

Q

< P et k o <5 ’ P
& & & & & & & & 4
& & &
<& €

K #%&B: Tom B. Brown, Benjamin Mann, et al. {Language Models are Few-Shot Learners), B IiE K& % 42
HAERES AR TR, B BRELBREARIE, 2021 FLRFLXEH)

B HLALH 615EF |ops, 3 i H 44%; B3t 2] 2080 4, & s 5 7y 5 HLALIS 52 9L 567F L ops,
T ¥ 5538 5% K 3K B 65%.
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104

GPT-3
« Language AlphaGoZeroe ./
« Vision AlphaZero @ ° Megatron-
5 » Games ; / BERT
10 S h Neural machine® 7
peec translation ®/ ¢ GgPT2

* Other o
2 ®™ éBERT
3 100 / Doubling every
% 2 months
e ® /®ResNets
[+]
& 102 Alexriet ~ ’/
@
Q ° /
S ; Doubling every
E ; 3.4 months
S
5 104 . !
2 Deep belief networks é
o ®
£
2 Doubling every 24 months &~ =
E 06 (Moore's law) Laem =0
31 TD-Gammom v2.1 Sira MLP-based

® LeNet-5 _ -~ =~ BILSTM neural network breaks
- - for speech
- i »
10°® A GPU
NETtalk . -~ o omputi
"o RNN for speech < COMMLEND
ALVINN Pre-GPU computing
10—10 L 1 I 1 ' 1 1 J
1985 1990 1995 2000 2005 2010 2015 2020 2025

FF &R : SHIQIANG ZHU, et al. {Intelligent Computing: The Latest Advances, Challenges, and Future),

IR A AT AT

B&12: &4 HE&H 0 EME (Eflops)

= 2ETEREENEME (Ef1ops)
60000 [

56000
50000 f
40000 |
30000 t
20000 |
10000 t
309 429 615 3300
0 1 1 1 - 1 )
2019 2020 2021 2025E 2030E
FHRR: P EAZLEEM AL, IDC, Gartner, BEEEIERAF AT
2. BHEEB: HAHFEMHIE R
21 H A%k
FHKALHAl K, L GPUBARABHEINMTYH, B KERML T i

BB R ERRGFNEARBAFL SR EEER 0 T TEERTHEERER
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2.2 PCB

Al ERLRAPRREZFEGE KBRS~ HH e, PCB 1Tk 2K —
R AL PN 2L S8 iR R AT A AL

2.3 AiEX¥ R

Al SR FEERBRXEHFTRIE, ERGEAKFE, FHME, FHRELK
PE09 R B AR, M EARK ., BA TG R A REAAS, AR EEH Al SR EL,
MW A R, A RTRE Al SR BARNRAZ —. Al A E RS, KR
#, FIEREA@RGFELTTUY REZOHHES.

2.4 B

mHES A GERFARRRRSBESNRE LR AR REBER, L5
XL ERAFHLH T RN, FRSMERTHEENT TRAG LRI, BF
ChatGPT 5Bk #T —4 A TAT AL & Fl 69 S, B AN T &, Tk 4 Aoy ik
Al BRI, Al RSB R 2 A LIRSS PO SILRHRS, M Tk
HRAERET 2HOZK,

2.5 SR /AR
% & T ARKIET Bk 38K, B2 RATEA . 412 B A IR B I Bk sk
BHETT, Lo A 0HBSEEIUER RN K, % AT69 5 sk F 38 28 My bt

B EHRLEERBOERT LR, AVFEHKZTBA,

3. IR

> ENGFHERRBAI. FHELERFEFERT LA ZRIL, SR AR F kT
F 0 RIEMEIR, X ST BB RF . 4o B AR BB TP K 457
B, FRTHTHSERLEAERRY, FFRTLIEK G KRB RE,

7 ok P9 > sl 8 W AT k3K B R o

> HREEVEFEFFAIOT AR B RERKTAM. TLTF B FE” BMRBERT
AR, AGEKA TEE, wREMNTHRBEETRATL, TapH LK
e, A FEMBERETHNAA TS, 70A10E%8F KA,

> AIGC Tk R E#AARRHAM. BAT AIGC T L& TRFNE, ARAEZ
o AR K R BB AT, BNl TR EE®ALEEERE KT
. ESMRL 84 OpenAl A AREAT L 89 = 0, FF BT Ok 3 B A X,
E A 4 AE TR & M Bl
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AREZ L AT B R KA F BIEF LR 48T 69 3E F AT E M PO A AR Y 695 L BALRE 7, AR5 BT R R 6 BT A AL 839 R A 3R e T A1)
STARMYIE FAr KATAIANAF ko BAVTFRBMEIEATIRS TG 5, 7L, LHREERRE OB TR NI EH LERMBEKR,

B

BB BATE PR A
R P KBTS BRI AN AL B B AAT LR EAN At Bl 4048 KL A T 9 KA A RS 20%0 £
(B ABLIGIEIN) T BAREARELF BB 6 ) 124
HH At B 448 K A T 9 KK S SR MR AN T 5% 20%2 18]
AN T AR, B AREAF A 6 212 | prom ey
ASA RGN SR (RAT 530 BT B A48 KA T % BH ABXF B AR KA T 5 KA A SO R AT -10% 5% 18]
K& PEAS RB AR B AE A A 2 P A BT AR ) 3
R ARG sk i@ E A Kk 3L P A BT 3% 2007 IF 300 . Jd FLAR 2 S 5 R A6 S R 0% L

AR, WM HAZMRAE (BEat Pha s AR

9) REMMT AGH (BHa T #510AREY) AR &% BT RT | Aast R4 RAER T KA H kg 10%A E

THABAREFANE B4 IR KATHAAME | oy 0 il ARSI ) AR K AE AR T R G SRR A F-10%710%2 4]
FEFEAGHIATE 500 A4 Aok HET AT L

X . BT KRT ABST B A48 K AE A T 3 AR A AR Rk 10% A B
SLAEH R B F A MM AR Kk,

— & E

M dE 5 A, AARE T 89 BT A R IRAR Y B B BRAE F AL A TR 8] (23R P B 3 235 7T A998 F 48 590 0k 4 5548 ) AL B ALt QAT R BBRIER ),
AZERIEFFAB DR, TEMETF X, RERF LHAREALTOESGMA. B ITHARE TR AGHIR IRFARIRAARITI A B KIE
FE AR, RFARIRBATIT.

ARERNEG, EANGEF LR, BEIERREICHAKE ARE DAL A BRIERGE P . ARE PO LR TRAVAN T RO T AF A,
A2 B BRAE FR A X AT B 69 A B b BT A AR AT RIE . ARE PR 8. ERLFHREEF A, FTHRATRIERE RO BN RENLFR LY. ZFE
& BRHFARFEBRRAMEAR G BAZT B4, MHRAABSRE L, AETEHAEY T BOHETAGAAREF . B2 43 ARE P 6913 84
RBATIR 245, SFERNEZTEAGRT B, BHRAf T ER, LEoEE, Bk, M, REFFTOENETROE L HRIBRF LA ARE
PR s — )6 R, BBIEAR/ BRI XA R 3 RARIAL AT R BT AL,

ARE B ERL . FEAFNA RRE BB G0 EAAb . ZFEL, FEARMNAE B0 TR £ 5. T2 E T R EAEA B BRI AT A
efk, ETRRE, BRRIEATRSKE 5 RAREMEEL, 44BN R — R TRE.

EBRIEFGHEAR . KHAR AR F L AL TRARFERRBEFti g, RARB GO Em o KR @ LS AREELAEBR—BNT %t
A/ BRI H W&o BBRIER LA W& B BG IRE PR Bl B AT AT L o BEBGER YT ZF AT, A B30T AR AT Ak 536 1] 5T A Jk 2 A4
B AIRAE 69 F LS EBUR — R HF R

A B 9
B AT AR, BEBGER TR AHA ARE PRI ST KATREAR BT S, TR A iR ) SR 4 4 TR BT RAT . M 5 AR fodah = 5
FEA RS, Bk, BITH Y H ISR BIRIEF A/ R RA R TR AL 0 ARSI E E B EA B PR, BT FHF YR FIREND T XA
&R GR—HERIE,
FRA P B

ZERKIERAFAL @FT, I IANATE AT XS, LF. 8, PR3 A, TN ERERG— R RERAKETIEA A AR, L4,
B, FIEA] AE R,

&

BF &M
FF: ALK T RME LR T KB 208 5 FARENT 9 A% 44 L DA R R #1198 S0 —JE 37 4
Ry IIHRERGT S ak—H 8 TERERAE 12 4 Ryl JERARITRE K S W% 4068 T AR K% 14 13 4

%, 3&: 0510-85187583
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