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Abstract: Against the profound backdrop of the advancing global "Dual Carbon" strategy and the rapid proliferation of the
visual Artificial Intelligence (AI) industry, promoting the green transition of visual Al technologies has emerged as a cru-
cial pathway toward sustainable socioeconomic development. National directives, such as China’s "14th Five-Year Plan
for Digital Economy Development" explicitly emphasize the necessity of advancing green and low-carbon computing infra-
structures. In recent years, the revolutionary leaps in visual Al performance have been fundamentally driven by the "Scal-
ing Law, " which dictates that model capability scales in direct proportion to continuous expansions in model parameters
and the exponential growth of training data. While this brute-force trajectory has unlocked unprecedented capabilities in

complex perception tasks, it has simultaneously triggered severe resource bottlenecks. The prohibitive financial and tempo-
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ral costs associated with massive physical data collection and fine-grained manual annotation, coupled with the exorbitant
energy consumption required for training and deploying massive architectures, pose stark challenges to the low-carbon
transformation of the Al industry. In response to this impending crisis, "Green Visual AI" has garnered widespread atten-
tion as a pivotal research paradigm. The core objective of this study is to systematically review energy-efficient methodolo-
gies that harmonize technical performance with long-term ecological sustainability. This paper aims to provide a comprehen-
sive theoretical foundation and practical framework by exploring optimization strategies that minimize data, computational ,
and human resource requirements across the entire lifecycle of visual Al systems. This review adopts a comprehensive sur-
vey methodology to systematically deconstruct the entire lifecycle of visual intelligence models. We construct a structured
taxonomy organized around four core, interrelated stages: Data Collection, Data Annotation, Model Inference, and Model
Iteration. To provide a holistic view of the field, we categorize and analyze the overarching strategies within each stage: In
the Data Collection phase, the survey reviews literature aimed at circumventing costly physical data acquisition. We ana-
lyze data synthesis paradigms and data transfer mechanisms that reuse existing knowledge for new environments. In the
Data Annotation phase, we evaluate methodologies designed to eliminate the reliance on exhaustive human-in-the-loop
labeling. This encompasses weakly supervised learning and self-supervised learning frameworks. For Model Inference, the
methodology categorizes hardware and algorithmic interventions into model lightweighting and inference acceleration. The
review synthesizes approaches like knowledge distillation, efficient attention mechanisms, linear sequence architectures,
and dynamic inference strategies. Finally, in the Model Iteration phase, we examine frameworks that mitigate the massive
carbon footprint of repetitive retraining. The literature is organized into continual learning strategies that prevent cata-
strophic forgetting and parameter-efficient fine-tuning methods that adapt models with minimal parameter updates. The syn-
thesis of current technological frameworks reveals a profound paradigm shift across all evaluated dimensions of the visual Al
lifecycle, transitioning from resource-heavy processes to highly optimized, sustainable operations. Energy-Efficient Data
Collection: The literature indicates a decisive shift from physical data collection toward virtual synthesis and cross-domain
transfer. Generative Adversarial Networks, Diffusion Models, and Large Language Models are now highly capable of syn-
thesizing high-fidelity, varied data. Furthermore, domain adaptation and open-vocabulary learning techniques enable mod-
els to effectively reuse source-domain knowledge, facilitating robust deployment in unknown target environments with mini-
mal to zero new data acquisition. Annotation-Efficient Paradigms: To alleviate the immense human capital required for
pixel-level annotations, the field is rapidly adopting self-driven learning signals. Weakly supervised methods successfully
derive supervisory cues from coarse, image-level labels or pseudo-labels. More prominently, self-supervised strategies,
particularly contrastive learning, Masked Image Modeling, and cross-modal alignment, extract intrinsic structural represen-
tations directly from massive unlabeled datasets. These methods effectively bypass the manual annotation bottleneck while
yielding powerful, generalized foundation models. Low-Carbon Model Inference: Addressing the high-frequency energy
costs of model deployment, current network lightweighting techniques exhibit remarkable efficacy. Knowledge distillation
successfully transfers representational power from massive teacher models to compact student networks, shifting the compu-
tational burden away from the deployment phase. To break the quadratic complexity bottleneck of standard Transformers,
researchers have developed linear attention mechanisms and linear sequence architectures. On the acceleration front, tech-
niques like single-step sampling for diffusion models, Key-Value cache optimization, and dynamic routing architectures
ensure models execute complex tasks with minimal computational overhead. Sustainable Model Iteration: In dynamic envi-

ronments, retraining massive models from scratch for every concept drift is computationally prohibitive. The survey high-

lights continual learning strategies—including parameter regularization, data replay, and architectural increments—which
successfully prevent catastrophic forgetting, allowing models to accumulate new knowledge continuously. Concurrently,
PEFT methods, notably Adapters, Low-Rank Adaptation, and Prompt Tuning, permit adaptation to novel downstream
tasks by updating only a minuscule fraction of parameters while freezing the pre-trained backbone, drastically lowering the
barrier for sustained model evolution. The transition toward Green Visual Al represents a fundamental evolution of artificial
intelligence from a resource-intensive discipline to a sustainable, eco-friendly ecosystem. This review demonstrates that
achieving a synergistic balance between technological performance and energy efficiency is feasible through targeted, full-

lifecycle optimizations. However, significant challenges remain. Future research trajectories may emphasize the integra-
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tion of explicit physical constraints into generative models to ensure real-world consistency, the development of unified self-

supervised frameworks for heterogeneous multi-modal data, and the deepening of hardware-software co-design. Ultimately,

embedding energy efficiency into the foundational design principles of computer vision is imperative to ensure that the next

generation of visual Al sustainably empowers industrial applications while actively advancing global carbon neutrality objec=

tives.

Key words: Green visual Al; energy-efficient data collection; energy-efficient data annotation; energy-efficient model

inference; energy-efficient model training
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Fig. 1 Taxonomy of energy-efficient visual intelligence techniques from data and model perspectives
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Fig. 3 (Left) Ilustration of domain-adaptive learning; (middle) Tllustration of domain generalization; (right) Illustration of zero-shot

learning and open-vocabulary learning
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Fig. 4 (Left) Illustration of weak label learning; (middle) Illustration of multi-instance learning; (right) Illustration of consistency

regularization
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Fig. 5 (Left) Illustration of contrastive learning; (middle) Illustration of masked modeling; (right) Illustration of cross-modal align-
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AT L 43 2RAT 55 8 2 KO AR | A R A
G0 2 s U T TR s AR B HR RO 55 AR
AL TEREFEARNR R o Sl k2R A B 2 o) e
AU R A BT, FT R A A R 5 14
ARERGPE X TR NG, Bl R RRLE )
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1
Be

AR f S e 5 B R, DA 5 T e R
INEAR B SR T R SR, XA 2 AR AR )
o ARV 3 RS 19 (] B, B (R 47 5 TR TR A S 7Y
T BE (Gao 55,2026 ; Fei 45, 2025) .

SR B BB B 118 42 00 AN XA AE T 45 0 2 B0
B, LAE T e PR ) AL R T 3R B2 o L Dis-
HIBERT 414, Sanh %5 (2019 )i i = 41 2% pR &N 55
R85 B2 RS 7E S BOR B > 2 40% (1)1
DU ORER T 97% Wy PERE R B . 7E 2B 5
Jang 25 (2025 )i 33 5| AR Mk 452 8 R BUES A
W SO FR il 22 A SR JE 5 o 52 0t 50 T 1) o 4 X6
FraslE] o 2D T AT (1) 2 A FAE e 4 1
il 28 5 e AR AR 24, 76 2800 o B 0 B B A A LT
B, A RS et AR R B B B A R AR T R4
T P VR A7 BRI A AR T oK o B Ah X RIS
B ZE TR A SN T s B0 Guo 55 (2023 ) $2 13
(3 SUBCHIZE 1R 5 R A 5 8 ) D 28 SN [] IR OR
SERMG R PR (2024) vk, E— A4 R T AR
WL 5 5 RAEPE

SR SRR BE A% U AE THAE IE 2 A A AU (1 v ]
HeHRBIL , 7 1k 22 A, WUERAUK Z& R R A T
W2 2 A AR AR M DL ) 7 AT 55 R IR 2 A
PSR . Wang %5 (2025) 18 2338 B N FF AR TS H
TR R A e AR a3 S = e el |
I 28 (1) FRAIE o3 A s VIS H b TR, JZ2 )
AR BENG /N o X 2818 22 AR v ] )22 R AR X 5 0 g
PR , Hao % (2025) # ) T Low-Rank Clone (LRC) fE
203 A IR R X SR I 4 O (L T
AR J TAT , Liu 25 (2025) 42 H 5 MonoTAKD #E
BTt T AR 25 28 IR R, A4 S = 2 A rp
A A ) TUTRRAE 3% 2, I L A B A 2 A A
RUrh S B T 0 28 1) MRS 4 et AR R A R 114 M 7 T
oo LRI R Aihr B Y i R XS S REAEANBS N
TR R B A RTHE T A R A AL S e 5T Y
(LS E

ERLOE AR B B DU B FLASE | 3R e 48 ) Sk AR
MG = AT T PRI A A . R A2 T
Wang 55 (2025 ) $5 H 19 5L F P2 RRAIE bR B0 i 4
RN W KA N GRE AR TR 4 o 70 it G i I
AL RIRFEAR T AT SRR A . TERGAE
¥4 7 T, Cao 25 (2025 ) £ X 22 4058 g i #8 R AT 1T
JIrl R B SR T1 TOA Il 8, R FH & RBLERE 2420

G s ) R R U R AR I G B 22 S 2
W, BORUREE T Z2 B ] AR g A 2
BUAS N 22 G i s IA T R 21 BR. S B 25 1) 7K F-, S0
TEEZE A . AN FEIEAR S VISR G J7 1
gy 25 Ak 0 B AR Tz B . i W, Zhang S
(2025) 5 SHE A PERFGER G4 T 2R AR
FRAR WG 38 oy B B 2 s e iR T R SR Y
I o S D0 ML 2501 5 17 T ) ROASE Y 45, Shu 55 (2025) 42
Y LLaVA-MoD HEZRIZ 11 T — B itk X2 1R S ms,
TR W S R 75 1R I G ZE R T B Bk AR, 7EAR
il FH 0. 3% B Il 2R &5 3l RIS 23% 19 2 8000 45
T, {1 2B S A IR AR Z2 I S ofE LR T 7B i
R FEAR AT R 2 AR 138 5 B A

30 3 0 AR AR Ay 1 43 A 55 v TR 3R B TR FE T
I, TR ZE TR BRI FE R 40 2 B N 2R By
B, AR AR R AS R 2 T fh () 2 AR R RDR A . 3X
il S S R AR B S5 AR AN A0 IR T B A
PRI BRBAS | A1 A AR FR A 05 R 37 FRER B (1)
BT AT AT AR
3.1.2  msiEE i

Transformer ZEA97E H 2R 15 F AL FE 3B AL
MBS N &Lz, BLE B AR
FIRZ D TE5 R . OISR T 5 R LSE R | iR
SRR A HEZE | Transformer H 1) F {32 75 1 AL A&
HE SR 5 BEBA CHETIRE . SR, 7F A AR AR
L AP ERBY RN =T, AR
SR 2 300 1 LA o Wi S 0 28 205 1) E B ) R
W 6 W T, EbRIE A EE B LS RS A
TFRS BE P B 27 K B O (N?) 24
RN b B SOAS | i T AR T 5 K R ) R
G, Y T W I R 5 A i R o 1
A4 55 8 A7 7 PG . IXRh R R RO = T
BAYCHE B A, LR ) T AR A i R £ B R R AZ
BRIREE b i) m]

Bl XoF 3k — R, o R T T ML 5 A Ry A
AL — A F gy ) . Horp, 2 M3 2 ) (linear
attention ) VE AR 33, 3 15 4% pRBC LG A6 FE o
fiff o8 3o A 2R A 55 5 A R R A T M Tk
i E I FEFRARZE O (N ) 8 0( NlogN ). FLIEASE
REAE T4 S A IV x VB TE B R R i
A G325 A% pR BRI I I S5 50 4 JR 15 B R A MR

ek
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R1 BREBNNEEAREE,
Table 1 Technical Principles of Efficient Attention Mecha-

nisms.

Jrk HAR

Linear Attention FEGURRAE IS + 2B AR AL
RFA BE ML EE R A
PolaFormer Al - BERFS A0
xLSTM FEMEICIZ T + $5 50145
ToST T B g
DuoAttention gk iUk IET
Tiled Flash Linear Attention WNTI R + 5020047

QuickLLaMA B R S 2S5 B 07 1

A, I AE CRFE B AR A 1 ) 1) (] B d 2 R A1
RSN . W T h A ) 5 ik Z 8] 1) 22
S, VI A T AT 13h e i B8 = 20 = 1AL K
BN NS S BL LN

MR B W & R AT B I 2 X% Transformer 577§
FRPRZE 25 (RNN) S P BR IS % . Katharopou-
los 55 (2020) WE ], 76 R 0 elu(x) + 1 E R AR Bt
SPE AR LT Al i Ay B TE E AT Y
BRI, DR sl (1) 125 (] 52 2 B oA 28 2951
REZ TR E 240 5 845 LR RIERR T A A
JE TR R AR 155 s o TR B 1 4 Lo s A5 2R
BOUE TR AL AR 0 TR AT . MR bty
ML 2% , Peng 5 (2021) $2 H BEALRFIE 1
(RFA) , 1] FH B AL R B i REAIE 302 8L Softmax 4%, IF 51
B (1) 5 AL ) DA 5 ) S AR e T, TE R0 S A
JE Z RIS T SRS AT o oA i R A R B
“HEAS L 1R R, Meng 55 (2025) 42 HH AU Z M 1
J7 (PolaFormer ) i 13 K5 11 -5 Xt X040 Sk [R) 5 A
SN R VAT (2 R R ) SR N ] TP i
R IR AR T OGS X, 7E DR FF LR 2 4% B 1 () B 35
PEF T RIBMY RGP, LI, Beck % (xLSTM,, 2026)
AL A FRICIC BT SR B LT, McAe g
S RRN BN 2 VA S 4 B e P PR 1 P g
NPT T BRGS0 SHOR pREGE LY T AN
[F], 2 AR R A TICA2 4540 5405 2 i AL i ek
PR T TR KRBT 55 th i Rk Re 1 5
YRt e M.

B T DA% eR a1 2540 IR R T etk Ab

G3 AR E T I DT 2 U ) e 4 S AR A 10 K IR EORT
() LA A 7 B B = LA X bR i B TR
AR . Wu 45 (2025 ) $2 H i Token Statistics Trans-
former (ToST) 18 it 78 73 fi K 4 1% 3 24 fif (MCR?) B
W B LR E R T A TRt S i g i i
PR, TOTR VT ) T 8] A T PR AR AL, #E )7
GV S T Ak B AR R AT R R S —
Xiao 45 (2025 ) #2 H} A DuoAttention JU] M 2y E g #5 £
AR A, Bt TR RSk 5 i Sk IR AT R 3R AR 4
LB RS TRURNOOR T4 SN iy il ol N7
A9 3K Sk R A% Fe Al 1Y) 181 K BE 22 47 TEAR 7 K
TR SCRE T B [RIE B AR T I A R B B
) N AE 5 R R4S

Beck 7 (2025) 4 H 53016 J2 A R A AL T — &
WRRGRINBCR S A= XR84T
e AR R AR S2 PRI 5 b i RS R REAS I 480 T
FEOCAL AR E T B 92 . O kg, Al AT 142 H Tiled
Flash Linear Attention, i3 N Y1 i 573 |2 47K
WP GPU I BRRE . J)— 7, g B3k
FEY 2 A JT T, RIE & 2% B 4Pk ml e = A
KEITURTHE, X 15 2 A B HL ] Ay 522 A 4b
)7 . Li % (QuickLLaMA , 2025) 3% H 25 i) J& %
BT SO S W, 7RI BB B sh A e B S M AT
T FEAH SR Az B AT D TE SR . X — AL
TP BORA A2 22 1 PR AR e 205 B
JET , A SO PR i 5 22 R s g s R A T A
JERY SRS AR

1 A A% PR EIGE BN BT R A 43 B Y B A
TR AN = RE =W 1SRV E 2 B ¥ NS R SR & )
W ERITEA Y 51 B FUF 8 b 552 A B LIk
PR M BOR G . X EERHT AN D T AL AR
T B AR R AE o5 L 38 28 Transformer 2244 11
FUALAL I P fife e 1P BB 30, 2 S R s 2 sk el
B AT R H S R IR
3.1.3  LMIPAIAER

AR 3k 38 2ok O Ak 1 5 T B B Hs 4 A5 AU
B PE— e FEEE G2 1A 2 i T L, fH i R 28
107 9 A A B BRI T . DA U0 ) 400 £
KFE P IR ] T Y 2R 80R 5 AR Z 1R
AR ASTE 7 & « L) Transformer AR 091 & AL
AR IEAT IR RE T A4 Jay AT 4 o 9 32 b o
B F R 09 R A B S 3K S HE S A
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1
Be

R A O BRI T ZE RSS2 BRI BT 1R
1M7L RNN LSTM Sy A3 B 5 4 28 I 4% B L 4 2
PESEPRACRANE 2 A7 & E T U B, 20
B[R 205 (] £ 5 AR 1T T A7 U 5, 3 LA S 45 IO
BRI (A 2

RAS 23 [BIF Y (state space models, SSM) A5 A
P 5 AR T — FlORr B R B4R (Gu FF
2021) o %5 G P SN AT 55 AN I LB S R
e B R 7RIS SR 6 B k2 N 45 7R
LR PEHE BB B BCR S Transformer 76 3147111 25
Ji R RE ST, N FE~E R AT Bh T 2 il 255K
REWEHPORZ BTG . SSMZELRFF AR A
AR IR, SEBE T X7 91 (8 A 8O A, A S i
KIPH BT P I w2 2 —

TER PO A, Q] 7 PR 2 1 52 2% 114 [
I s G £ 2 B I 1) ek, 2 RS 25 TR Y ) — A%
LR, Gu A (2022) 14 51 A HIPPO HESLN i 22
I AR DT R EAT S S B M T a5 R AR
/jﬁ 55 I‘Eﬂ JA? ﬁ'] *ﬁ LFE (structured state space sequence
model , S4) o Y E i K IR 2T B R I it O 1E
TR 5 AR B 2 R, SR 1 X R A 2 () R A
O, B AR T A ME LU T 5 Trans-
former AH 4 Y PERE . FE L AR L, Gu Fll Dao (2024)
$2 Y Mamba 2249 5| AT ZE#EPE R HL DR SSM
SR A B R (I 6 5 s ) L i R GERE
AR 24 HiT Token 2l 25 P 5E {5 LAY £ B 308t 55, UER
% F3R/R T Transformer 13: 72 715 SSM X E 1, If:
e BEA RN I I FA 55802 5 10 il  FE I et B2
e AF L SCEL T X [A]ARASE Transformer (48 8K

R G R AR P S AR ALY BR ], Dutt 5
(2026) 1 XPRA 2 I BT 1 = 800y 5K & 479K
W, 38 8 F1E Ak SSMCRAS B 43 e ML 538 (5 BIbAL SR
F AL All-Reduce EAFEAR R 20 155, fi e 1 4%
PETEZ GPUSERE P @ 5 i ) &, b, Li
45 (2025) 42 i) T MalR BEAL, B %} 504 Mamba 19 4
75 XA 5 WA VR A5 ) B AR AE 1) [ L, AT T8 1 —
Pl STEAIA HEm o X FIog Jr ik ik Mamba 7E 3 [
FUGR B, BERER 15 R AR 40T, R IR s IR & Sk
Bk T Mamba 7 BRI T B9 RBL . 1EIRJZ 58
PR A 31 26 0L ZE v, Chen 45 (2026) $2 40 T
Retinex-rawmamba, 5 Mamba )i/ F T i ¢ B Raw &
GG AR T L TR S MR, A, B

X2 41 5 nl 0L S B A& Rl A, Yang %5 (2026) F)
Mamba 42 #4) i 26 PE 52 2 BEOL 35 b 25 eI T P g
FEUE B T 20 207 R AL 2 B B 55 Th 3 T

Bl SSM 7 25 [] 25 A4 SR 1A ASE 5 TR (1% Jmy PR sk
AN IR G AT S T LR R T 1
T2 . Lenz 25 (2025) i 13 52 # 3k B Mamba 2 5
W 12 TR R AR A [ B 3 o T B 78
XF 4 JE s B B AEBE /1. Dong % (2025) £ %t A&
BRIV T —FPES 25 Kl Mamba #21k PS-Mamba,
AL S AL A O 1 a] 19 23 ) 4 55 1) 7 3
A, gf T RO e R R R R R, JindE
(2025) I 7] LiDAR £ 25 48 1} UniMamba HE42 | 5% H
Y AL S8 — HAR A5 ] 5 3 A 2 FROR
G T AL G0 A Ak Ak B = A S R A B R , 5K
T R FE RIS R Y B AR . Ak, 7R 5 2o
Y5 A B2 48 7 1, Zhang % (2025) 6 Mamba 5
J0E 5% It ML AR 45 G, A B0 T Ph e B A e AT
FH R S BIAX R,

T A LR AL SRS (BT A A R B R R
W R A 22 T A5 A e st 4 2 o B 2 1k B2 4% B 1 [
BF, A S g e T N Gl B P IR AT A S B
1B B 1 4t R HE A T B 40Uk 1Y )32 L X —
AR A IE 352 58 IR AE 4 )R M A Jr T )R A
FEAC I P T | = 2R AT 55 op R I R A S
P
3.2 EFEREMEEENFGE

B Al R R 32 B SSRGS AL e 0 B2 1
K IE R4 S 5T R 2% B S AR Y
LT BRI, X T E 0B Y R AR AR (™ Al
R KB F R, FH T 2R SR S5O A
B, MELLAE SRR R H RS RN . R — ),
i F IR A D) I B A AN R A AR AN i sl A T
RO RTEE T 38 A R T T S
73 BT R IZ A TRCR
3.2.1  BU/DARFRR G

PO A 7 EA S, G A R Y A B
L PR AR T A T I 2 AR 43 F i 5 7 vk
A RIS AR 5 0 A A e A il ) F2 i X
2 BT By SR T R 4 25 ik 5K MR | i AR T A
HEH B B AR HATECE T & E T IR B AR,
J7 e T8 R A A o X 22 20 38 1 XORFEHL Y
AR B T HE T AE BT B A R T A A B
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ET R iR R Y75 5%
RESLRE (~10002) BEEER FHGE L
N [ | RS Key/Value =
KV Cache 78 [BRMA] —=> % Layer T iRATHL

WHCRERR - B/ ERE (4B)

[T1] = [T1] + [T2] — [T3][0ses]

WM E
L J R Emzﬁz%/m;c
== T MA: @
-- gm [Layer 1] ;—:» ;—:»
| mErRSRERER | STansrmerBEEE || BSWRESERERE

K7 (Z2) 3D RAE R R R 5 OF) A7 5 2 SRS s R 5 ) S 25 HE B R e m /R T 14

Fig. 7 (Left) Illustration of one/few-step denoising in diffusion models; (middle) Illustration of cache and reuse strategies in trans-

formers; (right) Illustration of dynamic inference in neural networks.

R2 PHEBRREMETEZSMETH.
Table 2 Sampling Acceleration Methods for Diffusion
Models and Sampling Steps.

i LA
DDIM 20 ~ 50 4
DPM-Solver 10 ~20 2
BBIAZENR 1k 4~84
LCM 4~84
X BRI Oy 2~ 44
CM 145
J3ATVERL 7518 (DMD) 14

Rectified Flow+ ODE Solver 1~44

F S B ] T A A AR S e A8 B S IG AE IR N A e
RS o R VR 2RI 5 2 3 D TR i R 1 o e
B FECRUE AR BT TR T AR A A B L S B
PSRRI . 224007 T AT e i B R R A

N TAESO) FAEA T SBR  Fr i
T, 38 a ok g4 7 B (ODE/SDE ) 3R fift s A ool /0 %
Wik 2% . Song 5% (2021) # tH A DDIM 1, 44 2 T
IR A] R AR AR S TR P SRR
FOVFH P AERT R 2D b gE AT BRBR R B RS T
R LH(20 ~ 50 48) TR E A K . FiJE , Lu

25(2022) #2 1 T DPM-Solver, X & —F & 4§ B
ARV 00 5 B 1 I o0 R R e s o B AT
RO R 75 53 R R % AT 1 5T, DPM-Solver 6% L —
BiEL 28 = WA B 3 2 MR e BT R R TR
(A B — R E R 10 ~ 204, H R #AMIZ5
JUEE SR AR AR Dok S 2 4 T TR (PR R T BRATY
32 BR T P00 U 2545 Y g A 3 otfy 6, ufE LA 58 e & PR D
Ao

R T RBR A A BS A B, A e ) L
2 20 DA P S KA 0% S PR AR S 2220 Jo MR AR
J 45 R/ ) PR B o Salimans 55 (2022) #4) 3
IHYIZRHE SR B HOMAR Y [ N 2D e i R 2% 08 b 2%
AR N2 2P OF i 2 50 AR D R 4R R RS
Wb, fHRIRIAE 4 ~ 8 A RFE A T Re AR 3 1 A=
T o Sauer 45 (2024) 2 H XLy BOR 51 A
TRTYNRAILEL , 1) 2 00 0 500 2 Do 284 ik i 2 2L
R e S e L TR TR R €1 D)
TG AR ZE IR N [A], XL B & 1A G I rh (R4 AE
Y VC L, T2 B A A s R ) IR o o, i )7
2~ 4L NI T 5H DB Y AR . K
M, 33X 2 T X0 B 7 3 A A T I DI AN F e St
IR APk, BRI T FoaE— 20 R 45 2 s b (1) B

Y B 22 A0 5 3 2o R A B 1Y) T LA 2
TS ) — B, AR gk T 2200k
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1
Be

ARV, S T IC T X TN SRR Bl 2R 1

£330 5 A4 J7 16, Lipman 45 (2023 ) #2 4 (14 i UT
fii (flow matching) HE 28 ; LI X Liu 45 (2023) #2 ) 119
Rectified Flow , i 2 14 1 M M 75 7 A 21 5 415 73 A fr)
T MU A% o A%, A T 2% (rectification) ” $ AW J5
A2 M A BEH LI 5 R L B R R B AR . XA
LA (A5 157 PR Y R SR figp s A 5 1 2020 R ]
K i 18 O A S5 R . Esser 25 (2024) #E — A 1E
Stable Diffusion 3 #7 #{ #% 1k i | T Rectified Flow
Transformers, ¢ 9 1 it 5 U A ACE 580, I
[F] I, Song 45 (2023) 4 11— Z PEAL A (consistency
models, CM)JFRE T 55—k tde . — SRR i it
Ji i 8 — ot 2o CRIAT )25 ¢ 09 % 0
AR I I A 55 e ) , VIS A B e AR 75 R S5 1)
i, TFR BN Y HOS R . Luo 47 (2023) #E— 4
e T WA — SRR (LCM) o — B2y O
THAEAS 1], SCE0 T 4 ~ 8 25 0 v v RS AR 1,
Iz BT IR RAL D R — A R S 22 [
B, Song 45 (2024 ) 3 j2f % B 20 0 25 1) 45 5088 51
5, 5 L Pseudo-Huber 451 2 R X B0 F 25 M 75 1)
JIE KRR 2] SRS A e T T AT 7 A U1 5l 22 1)
A, R T T D A L PR B . A, Yin 55
(2024) £ Hi 19 73 A VEBC 2818 (DMD) | il i B 45 DL I
A Lo A 5 BRI SR T L AR O i 22 R
S a8, AT, So FE(2025) $E H T Picard Consis-
tency Models i 1 5 | AAHA — i 29 580 5 X 2k
NN T Picard SACHULSIGHR FE , b T A4 2P
R, RO 1 5 A R — 0 et B

P HUST R SRR SR 2 1 T B SR e s el it
B A R AL B R BT DL — B
BRHY S5 H R B K e, YR A 2D B W] 4 b
R DROD WEEAR T TR U X — i R AERE
RS AE SR 1y [m] e, o A AL 72 20 PGB SR
— A R [ ARIBAE ORI EE
3.2.2 ZAFHE IR

WE 7 s, 765 T Transformer 2244 19 B [0
A b, PR A U AR e, AR A B 2 T A
1 1) 2 (Query) 5 B A I S ia)oo i ] 2 (Key ) (U AH AL
FERS 43, I LA R A XA N B[] £ (Value) $0UFT
REBANE. N TR XT DT 8236 IT B Key A1 Value #E
T HE A 0 R S TE B2 HE B 2 A7 X 1Y
Key-Value Xf (El KV Cache ) , I ITTHF 5 8] 52 2% 8 ML —

W NN, BB PR THE B . AE IRl I, A G

fFF 38 3 BP0 A A SR AIL R S s AR R

MG, DA S AT AT B A8 B A 5 R R 7R S =
NS0 A ST AT T e WA T

R G R AR R P ) AR RAR T
AR, Yu %5 (2022) 32 H B Orca RGE5IA T 41671 2%
ARECTHBEALH] , 38 1 7E Token N HEA T S AL AL B,
BRI TS5 Batching PS5 R ILE0 . 7F L
fih b, X EL FE P KV Cache 283K S 80U
AR A A, Kwon 55 (2023) 48 H (1 vLLM R 4o ik
— LRI T IR . 2 SR E R SR
A8 2 AP P9 7 LR DBF KV Cache R0 AR 2211
YRR T8 i o IR S S o A S A
KTt T RAFF R SIF R Frkie . MmisxhE
KT 5 BT 18 I 0 R S AE R L Li 4 (2024) 2 1 Y
DistFlashAttn W P\ 5345 2CUINZR 0 4 B2 &I 1 A7 &
R FICA 38 3 el Y RGE AR S A A,
T T K EF X T RS I TN GROR .

P A B A R A, 2 ATX KV
GAF AT R E 257 . RN A Bh i 1 SRS AR
JH a7 L ) 2 2 S pIL , 25 ) 1 U R AR Bk 2k
Xiao % (2024 ) % ¥ Transformer {54 B W 1R 1RG5
Jry R Bl R AT A R AR R E M X — R R
StreamingLLM £2 it | 38 3045, S0 1 JoPRK SOAR
AR B A I A o i — DA BR A h IR B 4
Jad KA B, Zhang % (2023) 3 i3 8 25 PF 4 1550 9F
PO NI oy WAl IS S NP SS S Tl i | R Y NI
RAE R TEMCEERE |, Li 45 (2024) $2 1 ) SnapK V il
TP B B RN fe A b AT R DG Y DG
KV, W8T THATER T SCR R AT 55 i Ef
. Tang 55 (2024) # H 1 Quest 5316 ] 5] A A 11 J%
SR B ASHR B AL, AR S A i) SR RS 5T
SRR OCHE KV, PERE IR A7 o5 A [l b 1 38
o WAL X RGBS K AL EZ 2D n] 24K
AGURAE . 7140, Man 55 (2025 ) 1 X5 88 4 1 5 34
ff A T A S RS A 4R 0 T 1 (AdaCM?) | T
Di 45 (2025) W3 3 bR ST KV 247K & AL
A RCCAE T i AT [ 2254

FEM i B R AZ FR S 50 T, R 28 5o A5 A B A 4%
el , KV S A2 475 ] Bl 1 B GPU B9 A7 45 it o
WG, S A7 ) AR 38 K KV 22 47 1 38 4 B iF
% CPU NAFE NVMe f74i# , LA™ J 1] At 25 1]
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AT SEMAE A BRI . Sheng 25:(2023) 2 Hi ) FlexGen
Wit 1 —%& CPU-GPU B[] 32 45 5w , i i it /K e HL
il T /0 1R A5 e Bkl 2k 9 R R4y
BAACS BRI BAHERL, £ X #2170
Vil A PR RE IR Y ) f, Lee 25 (2024) # Hi Y Infi-
niGen 5| A T AT -5 8 BEFUBCHL ] , 18 i HE ok
kA BB BRI T ) R KV B AF, SE BT a5
T, P2 Tt T A B HE R A R AR REOR

25 b KV A7 AL 58 38 3 51 A 43 0005
P HT I AL L S ShaS T AR N, AR R T A
6] 09 A B A v ) A T o AEIGERD L, WA
ARG DR R T A2 I, AT AT FRASE 5%
J5F SCHF A J7 0m e B Ty A HE LR R AT R, 44
Th T A U B 2R S 0 Ak BRS B TR R R ASCR
3.2.3  hASHEHEIY

RO 28 I 2% 22 B T RS TR A A, B
RYA T B A T I 1 i A AR T 3L R i A
AR o WL T AT B s T TR A, SE R i T
] BE B L ZE BRI 5 10 T2 24 AS [
JE 1Y 28 TR 2 AT BERR AR (Y RIKBE ST o shASHE
F (dynamic inference) 5 7EFT A X — B AL, i@ 2k
FIAGRAH LS, A RRAE L 48y AFEA I
ZRBE AR S R SCIRAS 3 1 b R TR
JFE B EE R B £ S AL, DT S B AT B AR R
R FEARE A R SR @R H bR . A B
VRBE R 0 9 B2 L Bl 80K FE I 25 4 J 2 8501k DU 44
JZ , RGBS ) BT

Bl A R FE TR W S VAR R A v ] )2 B T 2
R AN D ENIRE TR . B T AR Kaya 55
(2018) #2 i i) Shallow-Deep Networks BE5E T 3T &
& BE 0y HL R B Rl B JS Schuster 55 (2022) 1Y
CALM B = s D) i T K08 5 R i o i e B
B (E S A NGRS AT 2 A R
TICH ZEEEY ST TR, He 55 (2025) #2
T A IS TR B AL, L TR B TR SCLLM
B ) IT AT AT 5 Lu 45 (2025) R AT T H
SRR FLARTT O RRE , R HORS 1E RA T Bl T R A
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X i S oA Bz AL BE T AR P BB AR, BE 1T
IR HE BT 255 AR SR BN AE . TRV IR Z
BRI Rl 8 A1 5 0, Ay A 42 T S A

TF 1 [r) i) 52 SRR Y e R AR, & O R TR
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4.1 ETHEFINTE

F¢222# 2] (continual learning, CL) & 75 bF 57 A5 Y
Uy e AR IR PR [ i PRy X AT 1 55 O PE REAR,
TE , TE ST 55 s B T 7 5 T SEBLRR A A R
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Fig. 8 Comparison of technical routes for three continual learning methods
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fREAT 55 e R B RE T ARAE T AT TR F AR A%

4.1.2 Hdls R g

I F [8] 755 5K W (1) T 15 (rehearsal-based ) i 11 7E
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I 32 2T IHRE A B 2900, ATk 22 Pk g iR Ak . 5 1E
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N F BRI AT 55, SE T i S 2 Fol 4 KA
ARERR,

FEA LSRR A FRR T A DR st s R B B A
B ABAS T sk A 25 7 R B RL T B A7 B RN 50 it
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4.2 ETBRRIANS E
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Fig. 9 " Structural comparison of three mainstream parameter-efficient fine-tuning (PEFT) methods
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38 A B [R5 1 B 2 MG Ui e T i A
KR A SRS A A, Ye % (2025) I 7 5 2%
SRS R T I R AR SOAR S IR T
TE LR o IR VAT RS £, I8
58 55 — AR (AR, DT S BB ) 19 SR S 5
L ERT TS MR

5 1,3 e 48 7 vk 1 AE WO A AR v A A
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JF IR LoRA X T A5 )2 2R FH 18 o 1 Bk r A G2 — 1)
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AT 55 AR 0 T2 T A 00 RLAE #4525 480 , 6 JC IR i 28 3
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