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Abstract: Data visualization, as a fundamental technology supporting both human cognition and data-driven scientific rea-
soning, is undergoing a profound shift driven by the rapid development of large-scale models, attracting widespread atten-

tion from both academia and industry. For decades, traditional visualization approaches have mainly relied on manually or
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automatically designed visual encoding rules, graphical grammars, and human-computer interaction techniques. Through
explicit visual mappings, graphical composition, and interface operations, these methods enable users to observe patterns,
understand structures, and communicate insights from data. However, with the continuous growth of data size, task com-
plexity, and decision-making contexts, statistical visual mappings and parameter-driven interaction are increasingly insuffi-
cient to support modern analytical needs. Instead, users now demand more than visual presentation alone; they require sys-
tems capable of semantic understanding, task-driven reasoning, and cross-modal information integration. Meanwhile, the
emergence of large models—particularly large language models, vision—language foundation models, and intelligent agents
—has introduced unprecedented technological momentum to the visualization field. These models are not only transforming
how visualizations are generated and interacted with, but also reshaping the theoretical foundations, analytical workflows,
and narrative practices of data visualization. Their strong capabilities in semantic representation, abstraction, and reason-
ing enable visualization systems to move beyond surface-level depiction toward deeper support for analytical intent and
knowledge construction. From a theoretical perspective, visualization research has long been grounded in the Grammar of
Graphics and declarative specification languages, which provide highly abstract and formalized descriptions of graphical
structures, data mappings, and interaction logic. The introduction of large models does not replace this; instead, it rein-
forces its importance. Declarative grammars increasingly function as an interpretable “intermediate language” between
natural-language intent and executable visual representations, enabling large models to reliably translate high-level analyti-
cal goals into controlled and consistent visualization specifications. This mediation is critical for ensuring the interpretabil-
ity, reproducibility, and controllability of automatically generated visualizations. Moreover, the semantic reasoning capa-
bilities of large models allow them to infer the underlying intent and logic behind visual layouts, color encodings, and spa-
tial structures, pushing visualization research from low-level perceptual encoding toward semantic-driven visual understand-
ing and intent modeling. At the same time, techniques such as differentiable rendering, neural implicit representations,
and Gaussian splatting provide new frameworks for high-fidelity scientific rendering, continuous data representation, and
optimization in parameterized spaces. These methods enable visualization systems to become differentiable , learnable, and
optimizable, allowing tighter integration between visual representation, computational models, and analytical objectives.
As a result, visualization is increasingly situated within richer signal and representation spaces, supporting adaptive,
expressive, and controllable visual analysis. Beyond theoretical advances, large models are fundamentally changing how
users collaborate with visualization systems. Traditionally, effective visualization required users to master visualization
grammars, tool-specific operations, and data processing workflows. In contrast, large-model-driven systems allow users to
express analytical goals, design preferences, and data-related questions directly through natural language. The system can
then interpret user intent, generate appropriate visualizations, restructure data views, or optimize visual encodings accord-
ingly. This fusion of model-based semantic knowledge with formal visualization representations forms the foundation of a
new generation of intelligent visualization systems. At the level of visual analytics, large models and agents are driving a
transition from human-centered interaction toward a hybrid collaborative paradigm involving humans, agents, and knowl-
edge. Early machine-learning-for-visualization research primarily focused on addressing isolated subtasks, such as view
recommendation, feature detection, or layout optimization. In contrast, LLM-based visualization frameworks leverage uni-
fied semantic understanding across tasks and modalities to support end-to-end analytical pipelines. These systems can
assist with visualization generation, pattern discovery, and reasoning-based explanation, enabling more holistic support for
complex analytical processes. As human—machine collaboration evolves from simple question—answering toward knowledge
generation, large models increasingly act as proactive cognitive collaborators rather than passive assistants. They can pro-
duce trend interpretations, support hypothesis testing, and summarize underlying mechanisms, while continuously model-
ing user behavior, analytical state, and task context. This enables a shift from reactive assistance to mixed-initiative col-
laboration, where systems actively guide users through complex, dynamic, and uncertain analytical environments, aug-
menting human reasoning and sensemaking capabilities. In the domain of narrative visualization, large models mark the
beginning of a new era of intelligent content generation. Traditional narrative visualization requires expertise in design, sto-
rytelling, writing, and programming, making it costly and time-consuming to produce high-quality narratives. Large mod-

els significantly lower this barrier by automatically identifying data themes, extracting salient trends, constructing narrative
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structures, and integrating visual, textual, and multimodal elements into coherent and stylistically consistent narratives.
This capability substantially improves efficiency and accessibility, enabling end-to-end automation from data to story in
applications such as data journalism, educational visualization, science communication, and business reporting. With the
maturation of multimodal generation technologies, narrative processes can further incorporate natural-language interaction,
dynamically adapt narrative perspectives, and tailor content to audiences with different backgrounds and goals. In visual-
ization evaluation, large models demonstrate promising potential due to their understanding of visual aesthetics, layout
quality, perceptual principles, and readability. They can automatically assess visualization quality, detect misleading
encodings, propose design improvements, and generate multiple design alternatives for comparison. However, model-
based visual judgment is not inherently equivalent to human perception, raising critical research challenges. Ensuring
alignment between model assessments and human visual cognition, mitigating hallucinations and biases, and improving
transparency, reliability, and interpretability remain central issues in large-model-driven visualization research. To system-
atically organize the rapidly evolving landscape of large-model-powered data visualization, this paper presents a comprehen-
sive survey from four perspectives: visualization fundamentals, visual analytics, narrative visualization, and visualization
evaluation. We review representative research advances in each area, analyze emerging technologies enabled by large mod-
els, and discuss key challenges and future research directions. By providing a structured knowledge map and theoretical
framework , this survey aims to support future innovation in intelligent visualization systems and contribute to the develop-
ment of data visualization as a critical bridge between human intelligence and artificial intelligence in the era of large mod-
els.

Key words: visualization; visual analytics; narrative visualization; visualization evaluation; large language models;
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Fig. 1 Overview of this survey

© h[E KR KL AR



ExiE, B, RERA, ERE, BF, B8, 9%, TKK, ¥nNA

AAEBIRBE R AT AL S AT AL T Af SRR3R

1 EBFRFRIK

1.1 AL EA

A AT IEACBE AL PR R A, R G b B E By
il N R RS AT GBS 8 IR B i E R A B AT
MAAT B 55 5 1) () e T 0 R R R A A DL J
Pl

TE— e EE FTAEAE 55 h , ROR = T B )
12 0 Tt B Ve AR, AU A TR i B 5K
ol 22 T Ay B0 il SR DG B 25 ], DA S AR R K
BRER AT LS I o b SHER . an , AT R 2
25 SRy 5 0 28 BCHT AR T RN T R B e i, DA
AL X EE R W] ILAL 5 A8 HARZ (Song 55, 2022) ;
L 4] A B IO A I I ) A7) e g O B A
2B PR R B (Li S, 2020) i HiHES
R P OCAS it 138 L7, SRy SCRS R Ak Fn 32 A8
A2 7y M P (L B (5 2 (Qiu 55, 2024) o B ul i
AR BIFFEAT: 55 3 4 32 0 DK DN A5 B 2% 1) A 4 4y AR 8K
I By 52 ME, R a R
(implicit neural rendering, INR) Ui pl A [ Fr A 58
o INR DIR22  26 B 45 s i 2237, S8 AT 32
OYHERRRFESE R . IER RS SE R TR
RN B R AR A A BAAE b 3 e 4 AR 22 i i 5
ZAE 55 Gt — 2R D7 T R U INR #9301 5 (Lu 55,
2021 ; Weiss % ,2022; Han % ,2023) ; 5 Bt [l it , 95 [
22 I e M T 3 P 2% e A i B 5 03 A X RS54
AR ZEETE INR VI GRECR 3l i 2 8 B
R E R AT AT Y 32307 1]

5588 7R O T Y R JE R B A LG, L BRAt 2 e
AL TR R ASE 5 R R o S B 1y T 1) S8 v Ak T
BB, TEAL IR T, E9E N R R 2
AR PEAG N (K] B 00 5 0 45 BT 55
(Wang 55, 2025;Mao %5, 2025) , & LSS BRI GE 1%
FIL BN 22 , (BT 25 8] A5 Jry (B0 X3 5
Ty AT 5 258 . FR - WF SRt 1 (2R T
I HEE (Salim 55, 2025) , JH LA ZR G253 B A Al AL A
gt 1 SCHOIAE 55 th i R B 4 s T RS E SRl AL
N B R R o A G A S B LA D T, o
A EiE A F SIS S R PR 2 ), SEEA
T SO B8 2 B SRS s 120, Bute id i 1
B PRI 6 5 IR R A B, AT S T X T R

RS A0 A% (Bun 55, 2024) . BEAh, 3584 WS PERF
FEAE o 2 RS BRI L S B s
T VAl R 48 5 AT A AR 5 BT i (Berger 45
2024) . FIRWFSEA A EA NSRRI R IEAY Y BE
AL R G BEE T Akl .

T SISl ) ] A A= R B AT 5 AKIL DU 31K 2y L
KB B By ) 7 92, 3 A [ RS B R 5 ) [ 3 A
Jo SR B 2l D7 2 MR T SCRY TR BT AL
PR REI G A A AR T = 2 R A5 AL, 2 NL2Viz
(Wu %%, 2022) 5 Charticulator(Ren £, 2019) , {H3%
3 T Ik AU 24 A g 52 AR RE ) S Y TR, BEE
TR 2] e Bt 9K 30 75 vk (40 NLADV (Narecha-
nia 2, 2020) ) i 1o i ) A 2 o BT I 4
gl Lux(Lee 45, 2021) 4 £ Ge 7 n] # AL HERE 7 1f1 B
Tt S ABLAT AR DA A T AR A LM LS 1 I 3
o RS FRBAES) T NL2Vis B2 =R
if , LIDA (Dibia 4, 2023) | ChatGPT X % fift % £
(OpenAl) . Chat2Vis (Maddigan %5, 2023) GE U548 4
FARIE S A 3 A T A R I A 0 8 — B
DirectGPT (Masso 55 , 2023) 5 DynaVis ( Vaithilingam
85,2024 18 5 sy AT S BUR SRS H,
FEEAR X $2 7% 1) B9 4 8 ; Charagraph (Masson 45 ,2023)
SCRE SR S sl A s B A BRI R 5 iR,
HEZR (Koh 25, 2025) it F 14 1E 4 5if 25 SRS 1k
LB AR PME )7 500 METAL(Li 45, 2025 3%
A RS R DIMVEPE AT 55 DAL AR B 28 Bt & ; Chart L-
lama (Han %, 2023) 5 Text2Chart31 (Zadeh 4§ ,
2024) JE7R 1 KA RITE IR R 22 ik A i 5 2R 4l
BT 55 th AT S5 12 AR 0 o VAT 35, = BRAfF 5%
1B PR R g #2001 [ Bl Ak 235 B IR] 5 1%
AR B BT B R SOBER R BESE
B AT E 5 ik Z T8 R EALH SRR

TE AT AL AS HLATUK, [ PR AT 5 T A% S 4 75 ]
AT 7 ) o L5 M 510 L3R IARE T A Bna =t
¥ . Vega 5 Vega-Lite (Satyanarayan % , 2016;
Satyanarayan 5% , 2017) SR RATS 25 W0 ) fe KA
WIS L H 2R AT B e A e, xfE L
A IR 2 2% KR 450 5 sh 2852 Bl S, I i fie fd
WF5EE R UEDIB S5 M AT R0 SC M (MSC)
Wl B GE— R AEHY, DIBG s WU R ey 28 B3R
IKAETT o IR, TR EE 2 ) AR Y 5 A 8 25
i T AT A I S R D R R P 2 R 24 3

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

A7 788tk SCHEPPAT 5 i — S I BT (Han 55, 20215
He %5, 2020) , ol 3 o 1€ FHRAS AU i ik 2 8002 [ R
(Chen %, 2025;Shen %, 2024;Shi %5, 2022; Shi %5,
2023) ; T I — 25 R Rt DL SRR S O A 1
SCAEH. 0 22 8RR AR ) S A % R X8 (Jia 55
2025) 7 W T A5 A e S TR S XU 5 4 A 4

il (Tang 55, 2026) & T 15 5 - G SR al AL 12
PR BB BUE W (Jeong 87 ,.2024) , L KT RIB
R 228 REAAR L B AT ity — A ooy S0 Ik A A 840 T
AL AZ H (AL 55,2025, WK 2) . X — R IIWFFE R
WY, Al IR SE B TE AR GE 2 AR 3R sl 5 1) i SR
BREDMA], AMLEMETT SIEAE R R e T 2

R S £ 2 MG B2
S SCAH A W AT
FHRBSALRCR - 0T LAt o

o)

I
[

“ WL AT I L C Ly f—)
SRR 575t L B AR
ATRALRR.

AR A, LS i 1--),
Joste, JERHBERT 7R, "

© G

@ [ “OUEFE RIS, JREEDNSEIR G, RS, " }

CHEPTT R, JERL RO, (bR
FRKAG - Pn bR

®

using the mantle temperature dataset (Ai et al. , 2025).

E2 BT ERIE S WRBIETTIL 2 55 NLI4Vol Vis 76 HulE 5 BE 8R4 I 038 B R 1 (A1 25, 2025)

Fig. 2 An interaction example of the natural-language-based volume visualization system (NLI4VolVis)
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F ¥ LLM i A 4R B 245 (41 Colab Data Science Agent
(Google, 2025) il Jupyter-Al(JupyterLab, 2023)), 3%
R P 68 o T R A T B 2, 1 T T FE T 4 M 4
2 (Wolter %5, 2025) . Agent &5 & #58 H 241
FHp A1 R A A, B 4N Choi 28 A (2024) B RGUHE
Xof 378 F W AT R AL 2 ik LA RS 18] B, Takahira 28 A
(2025 ) W7 S R 7 194 P BABRB5 vh 2 M i 4

32 ARAFAE , S TP SR AR Se e i T B AL 7 6 .
X AT AL = 0 (R RS B AR Yan 55 N (2025) 4%
PSR AR o3k DRy o3 244, FH P nlod et A AR = Bl
FAZ HABMUR E LA . Rk ROR A A A &
IO7, ZRGERR A FH P e b K P R SR e i 58 B AT AT AL
AL W (Schnizer 55, 2025)

& Agent-Agent P EFEA T, [H RO 7E RAEZH
REME R g fE &2 2 i f2 A sh 4k b AY B AT o LIDA
(Dibia 45, 2023 ) ¥4 & 25 mU A2 4% 43 S 0> 5
(G2 BARIRR e T s A5 BLEIR ),
8 i Agent [8] 1Y B2 5 3% 4G ML I B2 T A B8 1
SEED £ % (Chen %, 2023) %3t T 1Ak #% Agent, A]
A2 AT Bly LLM A58 B v 36 58 01 20 5 fe A 500 78 B
I, Goswami 5 A (2025) 4t Z B PR HESE
A5 A Agent 5 = A~ A5 Agent (B a1 VAR
o), H IR SERW AL E R A . Berger 45 A
(2024) 1 Pan 55 A (2025) #E— 20K LLM/VLM ] T
Az AR R HETESE M 6 SRR BT G L
SR, HATLLM Agent T AL 2 AT A B A
P A A B2 AR i 4 b AN BB 58 4 5 NS DR
(Ford %, 2024 ; Wang &5 2025), BRI E iaE
“HO -2 A AU Agent fE 7 (Podo %, 2024) .
TE 28 A U R B Bt , 22 Agent 2R 7 35 1 AL
PEIR R B8 AU e R (Wolter 55, 2025)

Agent-External P} [A] 32 22 B 5% OC 1 A/ # MR
THAER, LLvC AR LLM 78 5 TR f 22 0453k 8
Bz FRRFR. Shin 48 A (2025) &R T F 8 FIHER
WOy it 5 F LTI M T TR R, S 5 2
T AALAE S o Biswas 25 A (2025) # VizGenie R 5L 1E
AL S BT, v] S8 A iR iy Al BEAR A A (4n
VTK Python f{H) Jf- JC4E 58 Wl [0l R 4%, £ i adk ik .
Borisov 4% A (2022)3d 38 A 19 4= i LLM R ¥ =5 B2
HLAL A FAR B B IR R P A

SRk E B PRBFIE R, KA n] AL B3 )
HTHIE R A ERE— NS Agent A IEFE
] Z2 AL A R A BT 3 0 S R, S
fR 7K 1 P e B A A 2 2R B 55—, Agent-
Agent PRI 28 BRAA ST T it S B FIPAG L]
DA A B A, 34 v PR A il ot NPT 5 5 =,
Agent-External PIp ]38 xR ZE AR 1 T B Af e Je
SRR A MU R AR e W, B A R B At
AL ARRI R TS ) n] BEALEE YA P[] L H i
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;A8 i 5 g AT i R AR I DA e SRRl X
W E— 2D HE Sl B s P AAR R 2 5T RS M 53 A A
A s N TR B Re L & e
1.3 KEZBEE RTINS

TE2AAR S, KA T2 0 T Al AR TR
A S AT A A AR A OGRS | 2, R I AR A
ARG AE 5 2 R SOAS X RE ) 1 L TE
B SE F R A 5 T, RS AR L T X EulR 490
T ORI TR BE L, B ST R A SCBIE S , A
LA S Y R AE L 5 BRI . & R AR
43 HIC ) AR ) AL 2 R TR R A gk 2 1
F 2k (Aodeng 55, 2025) . N, Fils B KF 55
B FEBERS GPT-4 AFhy Bl o3 B il e 2ok i =0 S8
HEFL/REOR , 5 PAIRLK 22 280 o 5 R K i 0%
JUTE TSR AR N A AR S P B 518 . H
IR AR SO A 5 T, 18 RE RS 7 A B R0 <7
S e o e A A% 2 SO R LA bR A PR T
TS IASE , DI sRE BAL 5 1 S8 B Pk 5 B i
A A AT A Hh B R OGBS L, I A LT i
A 1) bR B 56 B SC - (Srinivasan 5%, 20255 Islam
& 2024) ., BN, Tableau X MIT #F 5% A BA B Pluto
(Srinivasan 55, 2025) % IR A F3h 050t FIH K
T AL UL R A iR S AR RS
FRREMESCAS o 2R U BB T SCF B BR A B, R
BRI — 20 e St A A S B B R AR A E ) o s
BB RESE M SC B AR B, L S RERE 7 Bl B oy
BLERER ,JE B2 3% B 18— BN A . Bk
A VE B TR AR T A AR T — b 22 3 R A HE 42
(Islam 25, 2024) , i1 P18 REAA 3 S S AL
=R el Y R (B N 11 S 7 N NG 2 71 B
RN S BOR NG, JG HTERE— L AT BT A,
AT IR ] 58 A AR . BT 3, KB RLAE 2
REARAF R T DA Al ] B, B O e R = 2 8 1) 1 B
—H, B ERTRBHCR S M

TEF 3 B E S AT IR KA A 5K 5y i) A 4
e R BOR R HE 7] SEH] . 40, OpenAl 1) GPT-4
BT E il oA VF 2 840 20 S o] AL T B A% 0 5|
% B GPT-4 B RS A= i 5 4 i g 01, P Al LA
B SRE S B 3h A U AT LA, 145 2R L Y 7
P B o 3xX — B B 45 R BL ™ it BT R 44 = 5l 2k
Power BI [ Copilot SZF:F7E 23 N IIAS B H24 1] AE
SR RV 5 IR, O T 1w i) 4 & 4R A

U L EE ) ;2024 4F |, Tableau #f H} Tableau
Puls, 3R I8 “ AT bR+ FARTE SR %7 1Y B 5 Ak fi
ik Qlik A IR 2 5 HOCHR D1 45 4, 4T 45
Ffb+AE SR I G — 124 ST a0 . 328 i Y
L[ R R DA B R TH R LS80 55 [ L Y 3l 7= 1
CIE/RIRIE
1.4 FAIRLIEM

AT AR PEA 1 Sk T 401k 453 fr) 7 22 2 R 4,
8t b R B E R S5 B R G R,
FE LB Gt T £ HEAERSCR AT 55 58 SR L
58 H AR 245 bR (Savva 25, 20115 Lee 45, 2021) .,
HEA KBS A A R 20 R G % A
B RHLE (Maddigan %5, 2023;Koh 45, 2025) 5
A R A FRAL IE , A B X 5F (Han 55,
2024;Zadeh %, 2024) B PRIE T HURE SERIERE R
] f —SCPE T 28 Be AR D VEAE 2R (Li 55, 2025) 3
AT 55 o AR T 2 2 WA S5 i mT 9 R . W)
B, BIFTE 5 AN AR BT 2R 45 i PP B 4 S5 e,
JE P 2 48 B (Coelho &5, 2024) 5 254 i HE 28
(Pesaran %5, 2024) , & #f T NI BEHERA I 7] 25 A
RES ARG BE ML AR o BT 0 HT v 1 R BE S |
S, Ceneda 55 A (2024) 2 3 T —Fh gt & W E %
KRS P VST B YL A SR it A
H O NAHLEME A R MR 8. DracoGPT (2025) FIH
LLM M A SR 1 55 H O] WA 15 D 4, K e Ak
T RA B HRAE 25, SEE T X AR A A I Y
ERsitaioE

B T & W TEAN R bR, B 1A R DA T 46 ¢
T AR B PO BB E R . Wall 55 A
(2024) 2 H BT B S BIE 8 1 28 LA T Y
P58 06 1] B S EUH o6 AL A4 E BAE AT e
MREE, A T AR ARG T AE S ET R S EIA
AU 22 )21, Stokes 55 A (2024) [BF5T 45 i, A= i A
& TP B Y SCAR T R 2 B T P o S B R
P2, FL RSB TRI AT . O T HRAIE AL ZE a2 2
TRFA NZEHEIE, Wang 55 A (2025) B4 T AP 55
[) L, 3 e e AN N R R I 4538 5 LLM 1
T 25 5 | DAL AR U R A B IE PR T A A
WK ARSI RER LG .

VLA, P B A28 5 R T AL PEAS B %0 T
], H H AR AL S8 14 R 325 BRI e 31 45 4 A |
SRS RS 0 Jis SRR, SRS KA AR Y
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AAEBIRBE R AT AL S AT AL T Af SRR3R

WFE A3 8 28 - JSON(Yan 45, 2024) (K3 -
Python “FHi.(Chen %5, 2024) UL M fill & F 4% A0S 5
JSON I % 55 (Xu 25, 2026) , MR TR A2 1k,
AE S5 T B SS M SERE . [WIRT DR & IR T
BEARE R B PO AE SR (Xu 55, 2023) 9
FRMA 35 (Xia 25, 2025) LA e i 1] L 52 5 A3 5
FOHEFRAT 45 (Wang %5, 2024) , #3015 ¢ BE A M S2 5
TR [a] BN H .

SRORE | E PRI R, nT AL PEAS 1E A
B MER R VEA ] 2 4R AT RS LR A TN (A
FRUHHE w50 B TR S5 — B0k | 2B E O
FERE e MERE ST, b5 &G T R G IE 10 e fk
KB )T — e

2 ERMRERE

2.1 FIHLIEEIEER

AR [ N AT AR AT A AE B i 28 3RS Sl B
BT REIRE, O RS s R T A
THE L WG BRI AR B RRAE , R R 2R T
B AN AS TR s8] 25 B #h 28 eoR E — A 31 o — )
2, I FH s AR FcHe v ) 2 2 AR R T R 4 250% (Han
A5, 2024) ; B IR AR 38 6 ¥ A1) 43 i B
ooy i HEAT e 45 b B, A5 08 T T 4 M BB (Han
4, 2025) 5 HTF W ST AL AR ol AL fE LG
() 21 €5, 5 B4 A5 2, DA SIS 3 mT 0 Ak P14 1) o e S
(Liu %, 2025) ; 112t #-2 M a2k TR A
GRS T B AR 23R 53, AR AR T 1 [
ff i — 0k T BE R ZOR (Han 55, 2026) .

e S i, B NIRRT TR RIE S
BIRYG | TR SCIRB (0 5 R R 5. ZEL e gt
BT I, WF 58 52 R RO 5 AR R A P
LR R, I A B s E SR A
BN, Hou 45 A (2024) ¥4 2 T JF KiG 5 AR (1
VT RS0, Ree R I8 F P flid A s A S5
& BYTC €5 75 58, I ik — 200 B0 (0 e S 38 EL AR 11 2 i)
o EIRITE A, DTS2 B IE R84 i 1 22 )2
YR 5 12 A B HE— 20 318 H S A OB 78 Ay oS-
O OCHR2: S HESR  RERS 1 30 73 A [ 18 SCRE A8 6T i
I 434 (Hou 55, 2025) ; 14, Shi %8 A (2024) 2
LT FARE R B R B T 3R Bk
FREAE 0 Ao AP g o P SRR A T £ 0 BRI

TR

W 2B A U2 T AR 1 36 T ol e 1)
% 5 pRBSE T 5 2 (Pan &5, 2024 ) 3 i R AL i ki
BV AR T2 (8] 9T 3R 28 B G G (A P
1% B O b 5 S AR Vi A% i R AR Hh A 1
JRUE B R KA R A o] P4 6 1 B AT — g LA L (H
TERL G SR AT AR R —BObE 5 NI X 55 55
A R GEHEBIEST , W AT B AT S 7% B A
LIV N

UTAER , [ N 2 1E T 3R A B IUAS T R 40
PEIE R, Hoh BE A 35 A B 28 1 2 10 10 5 e 1R
T, AL 8 H SRTE S RS () AR A 92 1 2R
TE A AL TS TG S 7 M, GoTree (Li 45, 2020) 18 3
gt ¥ ) T AT AR A Jey e R T AL A LA 56 R A 8K
B2 5 IR EE AN ; PICCL (Kuang 25, 2025 )3 53 51
A VU A BAERT e gh T DB BRI R r 4544 1
SRR B . PRI IR b Bl AR R A %
A, [ AR UK Bl i R 2 AR e I UK g o Tian
SN (2024) $2 H 3L AT 55 00 1) A LR s K TR 5%
A R i A 500 O 32 R TR R 5 LB 2 A 45 AT
%, IFFET FLAN-TS SCE0 T nl Pty [ 48158 5 21
e FVE 5 4 ; Han 5597 & (9 ChartLlama (2023)
A AR ST, A 22 I I SR g 5 A AT 55 R
RIS Li 55 N (2024) i — D EE X A SR 15 S A
S LK VA S 38 AP RS B, $R IR R F B
32 2] 1Y Prompt4 Vis HE4E , 7E NVBench $(#i 4 ik
FNGSERCR . AN, B L 55 T AR S
(FinFlier) . ¥ 3¢ 52 41 3K 8 B4 (DataWink ) . £ 45 42U
] 4L (Narrative Player) 2530 F USRS T 280% ,
[ B 7E B B #E 2F KRR B L ME (NovaChart
Chart2Code53) R #E T AE . BT 7, AP B iE
B AR A IR B A ) 22 4 AR Rl il R 2 AR R E
ALK Ay v g < R A 7 1 A SO A O 1
“ERE A B N HE B ARE T B TR 4 i
P A Sh B T B 2ILA,

FE AT A 22 7 I FE N T R AR RS T R
PhIE ., Rk PRSI 5 A B & AR A S
B (Li%E, 2025) 3280 138 i 46 PR E R RAFAE
R DX 8K, - B AR FRAR R A A I AR 4D 4G SR
SHECE , RIFHETH T R BRI R 38 BAR S
T L 2 B 440 R 02 P BRI P oy AT 5 A R
AR F i nT AR A, $2 P S [ ARIE S A
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T B 3 S T AR s (L 45, 2025) 3 3 4 i o 4
AT g 7 I R v, S P T AT Rk R A AL
1l 5 7% A BRI i — 25 R IS 75 B AR E 24 5
P s CRAE , FE T N TAR RGO, SCB T
T i S 3 R AE VC L (Zhang 25, 2026) FAL 1 1€
$£ (Zhao 55, 2025) . fE Al Ak &2 B L2 M,
Nebula(Chen 55, 2022) Jy 5 0L I I 52 B4 H ST
7 B 2R L, S0 T A8 LB 5 A0 BT AR
AN, W E XA B R GALFRIBZE T ML HAl
Libra(Zhao %, 2025) M ECHE 55 #0172 8 &, $2
BN [7] B 2 22 T 58 B SR MR TRUAE 28, 9 LA
FEHERE SR B a8 B AR B o0 AL ST AL .
SR, B 38 LB AT 2o N T X S 7E
k25 B AMLPNE 428 B3 B AR R PR

SR, BN TR AR 4 3RoR B
SRIE T RS T WAk 75 B S 5 SR 2 2 D
TR T A B G nT AL BEIE  F [ FERT Y
ATHAC R AR R B T IR SR
2.2 KRB EERT 547

] PR 7E OSSR R R P R B ) 43 B 53 ) B 5
S T A JR A A e, TR A v B v A R S T AE
20 WRFOH R 2 WA A L D R R AR e s AR N O
TR SR A AHTTE J) o BN SR I IR R R R
BT EE AT 4050 BT AR L8 Wi VTR 2 AR B 1A B2
9 ChartGPT (Tian %5, 2025) 542 H 22 R U
BAHE H 1Y LEVA (Zhao %5, 2025) .

NS Agent P R 0F 5% J5 1T, Bl 45 K18 5 AR
()24, I B A 7 1) il 2 R T A I o 3
RASH BRI P B XS 2 RO 55
WAL 55, 2 B R =B B A A BA (Qiu 55, 2025) K H T
28 AT 55 53 ff AW, T HT VTR 27 AR B 4 141 BA (Tian
A5, 2025) A HE BE B R A N A 4 £ AT LSRN
(Shuai 4, 2025) W s/ FH Pk A 48 el T AR b
B IRAG b R DATRUB A DR I T R L X 1 9
3 (Li%F, 2025) R85 & FE A AT 55 09 “ ¥ A 37 B
B, Rl it ol ke sg A B P kAR e H AR,
FE S RIE S 7 S0 S AR R B oM Ae . A
R AR H IR IR R E T T B 5 Wk
AR (Xie 58, 2025) SCREH P& AE SVG AT AL AR
J TR AT IR RS L, (Wen 55, 2025) F1(Lin
4L 2024) 5 A T ARSI B B ECERELE N
(1) Z B RAE R SCAR RN T o (Wang 55, 2024) %% 3C

AR 500 GUL 38 B AHZS 4, (Zhao %5, 2025)
Wt B W P ERE R SOk R B A
(Shen %5, 2026) i#F — 0 X A2 A IE XAk ok 28 B
B GR R AR PR T AT A R A Ea

FE Agent [n] A A% 38 5 1H , Sy 52 I 4 (9 T e
PEFIAREPE , (Wang 25, 2024) 4241 T 3 T 2 560K 5
HN 22 9K 2l 9 o] ff BRI 2R 46 . (Li 45, 2022) fi
LSTM R R HE FH P 58 BRI SEARAS , R - P 2
Bt Rl St B 22 T . (Xie 25, 2024) 2K JH 50
o2z S BR T L SRR  E R Ak = S RO
PRt EACHE AT AL o FEHEFE BT HLRI A A D7 5K
W I, 2 BB JE I A1 A (Zhao 55, 2025) 48 Hy
ProactiveVA , i i 1 iU 5EIR AR T FH P s oK
IEATLAES B 5 2, 3 0 T B AT 3l = B B
FARHEMELE . (Cai %5, 2025) FE KR IE BRI B R FH I
AT AL S By FH P 2R A R e 4 A | B A
it LR BRI B F o WiV R 2= Wk A1 BA (L
4, 2025) 3 ] 43 BT R 48 ConceptViz #4-Fi it H
Ui 25 I R AIE 25 1) 5 N R S S T PGB, fof ]
Fets A8 Bk I LR T Bk AT rh A 3R
N, RGEUE 3 s

O st ]

-
(wahiven . ; T

RN D E A B e @ AR T e o=
o @i

[§13  ConceptViz 4t A (Li 5F, 2025)
Fig. 3 The interface of the ConceptViz system (Li et al. ,

2025).

FE Agent 5 N PRE] T AR J7 16, B N AF 58 3
NFRED NN PO RIS . F SR KR
AR (Yu 5§, 2024) $& () PyGWalker /N 52
M 1) S IR R A R, A AR U T AR T 4 B G
T, BEE P RITEA , Agent 43 BT it 72 14325 W AL A1
AL SO I B o [R5 K25 A AT BA (Guo 5,
2025 )38 13 By i 75 = 5 BB A A R AE B
A, (Xie 45, 2024) %F LLM 2B A S 5 30 o 52 5.
K AT AR IR, S FH P B 6 UE A R R 4K
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AAEBIRBE R AT AL S AT AL T Af SRR3R

WERlE . MR B B B TR AL 2 5 R4
e RS2 B 0 T L (Chen 28, 2020) 48 1 2440 B
45 I TR O G I R B i S A5 R 2
(Chen %, 2024) RGE DG, T /ST AT LAY N
PUFD [ sh Ak g0 A T B . (L%, 2025) KB T
IAEGE“ N2 A5E & +AT B 10 “ AT B 1 &+ A2KF
WH " EF IR (Zhao 55, 2025) B/R T
AR BN i A SR, SR P A8 A I T A I B 4
B Dy s I A s A

TE Agent 5 Agent [JHRIBIF 58 4080, T 404K A= B B
B DR BB A i — R FAE 55, R &l
Agent PMETE L, XN 73 iR IS 0 42T T R G5
P 5 PERE (Tian 45, 2025) o &1 X & R BB 5 3
i, (Yang 55, 2024 ) FI| 8 4k 55 5 AR BHAT 55 50 N
A= SQL i 5 P RS RN R G e B =238 . (Qiu
4, 2025) R U5 A8 5 AN PMESE BT AT:
SO B TAE 55 Agent B 58 4R TR R A B dE
A FETER, PR TR AR R ARAS 5 R 3R 2 24
A Tl B 8 — B Bl ) AR

S HE T A BT R, Agent 18] (1) 5 455 1A R AL %
RS A B E R 2R R R T BA (Zhao 55, 2025)
PEI A Light VA AT L0 BT R G0, 45 G /D FEAS S8 dE i
$Eon L RCEIE R A A S R R AL B R
IR 82 T RIS T] Hsf 4 s 22 40 P16 sl 1) — S0 o
W% . (Yang 55, 2024) fil 5 fUA% LLM 1 2 875 LLM,
F G 25 B A i ] A Ak S 5 B A s G A
fith o (Shi 55, 2025 ) F) FH {008 I8 56 1 75 7 Agent 1T
i IE A0k Text2 Vis B, B AE -l - et 1) 14
R, (Shao %5, 2025)F5 H Agent BE48L K BEAE g FH P 0F
SEBYANFE , 117 (Shuai 25, 2025 ) 38 1ot 4 1 % 7] JEL 2 4%
B ER- T Agent BE ST .

TIPS AL B, (Wang 55, 2025) 43+
2> Agent A= WA B 245 22T AT R ACHME |
(i) 98 FH A1 38K 43 AP AR R 5 RO B LA (Zhao 5
2024) it T IR B AR SR i BE A RIEAG TR 2%
I AR LI ATARE . EAUR S5 A
Bz, Agent PRI ZUT T4 434 ik R R DL 2 26 i 454
B o (Zhao %5, 2024) $2 H VE AR IR 15 5K
W, 308 3ok 52 H AR DL A 2 A AT D AR AR O T AR
BB W 5 (Yang 25, 2025) &t %) 7] #1465 S0 AR
T A RME L, B T AR A AR X — T e A5 4
b SC A 26 7R J7 Ll LLM fig 2% ) O 4E i 2 R Ak

K%,

£ Agent 540 U R BESE J7 10T, 16 N 22 5 £ 5
PR TR £ T TS B T L A
A LLM B M L, (Qiu %, 2025) R AR IG5
AR 1) LLM VAR FAUEE SCRE RS 1 &
MR AR 8 A R AT S5 HERE A IS 1 2 AL
K2 o (Gao 55, 2025 ) S dsk [n] &5 51) hy LLM 4E il 5]
ATAL R GE 0 = KA DBk R 2 — |, 45 0 60
LLM DA 5 2 40U T 55 (1) 48 S HEZE

FEANR T BB 7 1, (Wang 55, 2025) RELHE
PAT I R TR 524155 b, 45 Agent 3 38 AR5 G
G MRS SR TR J2 U LS 5 2 2 180 DL e 4 5
HETSEEEIARE . 7E Agent SEIEHEJZ 1A, (Zhang
S5, 2023) 18 K LIARAS K ol 1Y) Agent, BE A% AT 4L
PR FNCHL, Sy I 2253 B v 25 B0 Sk o A6 m] A
Al AE B B, X AR AT S s 1 B R AR K R 2
i, (Zhang 55, 2023) 4200 H SR 15 5 35 KI5 A8 AR B
FRAE b PRSI A T A . 2 A AR R R
FIRFZE, (Luo 45, 2022) AF5T 45 H 24 it [ ARG 20T
AL T 1 1) SR FR P, 2 48 5 T Transformer 1Y 7 51 2]
FEHRERL K F RIS = B R AL A v ) n] Ak 1
%, SR R v A B

SRS, B N AE LLM 5 0T 4050 1 52 X400k 11
MR CIE ARG 22 R BEARE R A P RIL
il A B RN PR 55 Jr T A U E S
F R RE PTLATA AS RGE B T IR A
2.3 KIEBBEERAMLNE

] PN 2 AR AR OB R T A A A T 4 rry fF
FREMH R E RS, NI A 3K R A
B R 2 AR EZ IS ZSmE 5%
L HBEII BT R . e R R 0
[R] 5% K= i 5% A AR HY Erato 2 4% (Sun 28, 2022) ,
% 2 G I00E BERT B 50 52 30 5048 2 52 14 38 LR A
1 ) 2t R AR B 4% AT A5CH B 3 5 ) A R AR 5 2y ¢
R WITLRZAWFIE FI AT & T 36T IR A 4 15 o
Br # 4t (Tian 55, 2025) , g% I BLA e 45 v i) T
2 O3 AT 322 B O3 T 2R R 4 |, 2E i A % T AL
P4 s T T A 1) AR AR ) B T AL R S
SNIL(Cheng 45, 2024) ¥ LLFECEE S A sl {6k
FISCH & AR P31

FEZ A RLE T, AT AL AR I oY 2 B
MRS R S R SRS . BB S /R R
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BA A AR H Y Sceneloom &4t (Gao %5, 2025)

LAKRA RPN AT RUIEES B AL

WA — ) HERR —» R — & wmmman
2 0 yaze EQ soksti HHA
2 % e (4]
i bRk
B e W LR
[ L anmame ° @
£
154 55 QHiE UREL I =
=y i 8 =
0 uEx o
<
= K —
= N 0@ i ozﬁ@nxﬁz% (m}
=] DL P SuR EHRUL TG R

<omitted some background> Your goal is to complete the animation unit
specification based on semantic links of NL commands and narration segments.
Here is the data table behind the data video: {{data table} }

Here is the narration text and extracted semantic links: {{semantic links} }

Notes:

- The JSON format for one animation unit: <explanations of output specification>
- Each NL command in semantic links should correspond to at least one animation.
If relevant information extraction fails, it will be assigned a null value.

Follow the instructions to fill in the animation unit specification:

1. Determine animation behavior, name, and properties:

- Extract information from the NL command. Prompt
- There are three animation behaviors: entrance, emphasis, and exit.

- <explanations of supported animations of different animation behaviors>

- <explanations of animations properties>

2. Identify target visual elements for animation:

- Extract information from the NL command, combined with the semantic-related
narration segment context.

- <explanations of element filters, including data filters and visual filters>

Bl4 PR A S G s U (Shen 2, 2025)
Fig. 4 The automatic interpreter to synthesize data video com-

ponents from users’ annotations (Shen et al. , 2025).

BT IAETE F AR SCEL T B il Ak S B
A EGRE RS . BRI A E S 55K
P A5 BRI A T B U - 58 B I RERY B A
BOHE A I0 A= i E AR (Shen 55, 20235 Shao %5, 2025;
Shen %5, 2024) , 4Nl 4 i . FWRHE R 2E M)
A1) 35 1 e 1) SCAS 1) R A AR AR (Xiao 55
2023) K R SCIR A B FRIT R HE5E T Rl A
() L F IR BE

FEE B R R S AR TR L R AR . 0 Bk
B VisActor & F T80 AT 94k 58 fig v Ak i TR
FESEIR, SR oAk 3l g HE R E 1Y S HLRE T -
AntV £ 4t R 4840 1 S 5 S g e 5L BT &
QuickBIIR L/l ALRE J1 , BT MoKy B AR5 7 22
I < =4 = PN I L AN TRV T B R o S
N A AR I 7 A i B gL T R T MBS BT 2]
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Fig. 5 The pipeline of the benchmark VisEval includes: validity checker, legality checker and readability evaluator (Chen et al. ,
2025).

Al S A AL G 7 IR Vg i
FIESUEA . ARIE F S H LR e RIS s A
PLEE R . M2 FE T 5 5 o 3 7 P 3
I 0 T RR v 3t o A2 K030 27 5 TR 46 J7 T, [ P9 AT A
AN A8 B0 R 4 22 i A o AL B AN 2 S R
Fon ERARAH , SR 2 RN 5 T
IRV o R B iz 5T A A i A
SCHR By PRI A 0, 52 B AR 5 BT AR 1T 3R A9 v
PRI AR S5 nT AL B ] AL AR B
v P AR T . A5 [ N AT BAR H s R
W A2 Lk AR RS S R L e A AR
RS RAR R T5 vk, SRS L RERE R SRR
I SRR 55 WK 9 BE T I A

TE T AL Db ] 23 # 5 e A AE S Al T T,
PROFTE i FT ol P Z R UMER R . 2R RelR
HEZE( human-agent ,agent-agent M agent-external )il 1o
1155 73 5 S IC A IR 3R A2 B 7 B A, TR s 45
FAMRAER T, S22 55 T 1Y iRl B
#1401, LIDA (Dibia 4§, 2023) .SEED (Chen %% ,2023)
SEE o SRS HL AN T AR S, S8 LR R A Ay
Praefe . SR, IR PRI T A AL P IR] 5 2
SR P o 75 AT AT BR o AT A P v o %
o 38 1o i B e B BT HE SR AR B S AR T
B SCIUT P B RS A AR R 28 A 1. =
BAZE G SVG 7w o1l B B 4A T GUIT AL L AN S 3 A
g M Rl 2RI T R & I AE AT
PRA A A5 A 1 A e 3t B U 0

e A AL B U, [ PR 58 1 7 i IR
3 G AR AR A 2 A 15 SR AR
RXCEERE ) o i B U GE 22 BE AR Db A 3 3l

Ao, FE B A B A B % 51 C—3) A 3k
AU, IEAE PV Bk 5h GPT-4 . Power BI Copilot . Tab-
leau Plus 55 1.5, 52 8o 2 v [ 2046 7] WAL AU Fn
M 55 1) R ) 3 A o R IR T S 0 R e A S N
ZRSREG AR A H A AR Sh s E A
5 1 A5 8 0 BB R G, A Erato (Sun 45, 2022) |
SNIL(Cheng & 2024) .Scenel.oom (Gao %, 2025) ,
REASF ECH TR 36 R SR AT B R Rl 5 77l
F UL VisActor , AntV |, QuickBI %5 7= iy #fE 2f i) #4k 40
i 1) LA FI7 S AN & R, T Bl 52 B S R
REZM T4t &, ST AL R Y 7 3t 5 LS

FE AT RLAG VAL 77 T, [ PRt 558 HIPPAE AR R S
TR, G H 8 [ dit 2RI 5 2 RE IR D)
VE R 25 P R B i v, i ) SRR S I
TR 52 37 S5 o TSEE S o [ A D) 1k = Ak T
o5 5 AT i IR AR 48 2 30k K&
P SR R ) VEAG , s A BB AR B ST 55 rh T i
Ve SRR E I, IS 7 2k ) 328  AHLP ) K
BRECW T &g, SRS BB e A
FLETRIE B4, R TR IR L 5 A R Kedie
B E BYCE, P EAb AL [RE Sh a AL T
Aiti 1R REAL AT 55 5K Bl A i X

IRASERY A 1 B nT AT 2 e B8 5
07 JH V% Hb P ) 4 JRE A Jmy o I PR AUE 5 A il
P BRI AE QAN AR RE VM D7 5 | TR, T
WA FETE R Ge Ak S B AR I8 M AR 5 37 50 7
T IR . BEE R AL T SO R 5
HE55 o0 RE T BT, R A A1 Al ARAL A5 T Rl
BNEHE " WL LB B DY e 28 i R —E i — P
— BV R BE AL TR, HE Sh BE n] A4k e

13

© h[E KR KL AR



14

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

SR RE AN SR T 1) R, R BHIT 7l AR
S ESE LSS TN

4 ARBEERE

iEEPNACEEIEZ RPN It E NV S 1 €1
AR E AT ) B REAL | I R AE R 3 A R B Be
R F) T SCRR R HEHE 5 2R RE T, (] P REAS LA
AR TR o b R 4 3 52 B 7 SO S B 4%
)15 OISR R LR . I, B4 55 5 st 25
REMAPIME | B ARTE 5 S, W] AR B L ot AR i DR
ABAEAF IO TR R R 1RSSR R
AR B AT R BT IS B R i) S AT 55 LA TR
R o Al AT , A R H AR 5 Bt m] 9046 A4 TR 13
R R LR A SR B R R B, IE X — BT % TR AR
W kR 55 I ST B AT AR A AR 2 (B A
ELE0] I E s

1) T [ 504 PTAR AL B B A 55 L B 3 0o A T
PR ZRA o R R W50 75 K I AT SCfF 2 2R AR
i AL 55 5 P S G el AR HE S, S B0 HR i
T AL S R P ARl 5 T S B i ) i E A o
S AT Pk S B, (AN R AT AR AT 55 fiE
3L 2R 2 MR R (B A R S A% 1, $d
THES 5 S M ZAT 55 IMERCR, R e T AL &
GEiR AL — Sl S

2) 588 28 BRI UNR) 5 AMIERI AT 4T R4
BITAER. RS s d, 28
REMRPMERERS S BUE 55 70 it A AU fL A2 BRI 4
1 AHLIL B R 8 Of A T 18] 5 TP 7 5K 5 DR
ASRATFE TR R BER Z [A] B AL Z 8] = 2558 B
BL RIS 5 BRI , 455 sh AT 55 PR 5 n]
fip RS A, 2 BRI B A 30 P 3 A A B R A
R AR PR .

3) BB AL R TR . KA
RURDRESOA etk | JEUG AUAF 235 RS, A
BE AR E BT HAT G P i A TR A . R
SR 5 7 R T S AT A A A v B A Al i e A
SO 2 BRI 5T e 2 A
A JSCRIV 5 S5 A LA, SE BRI 3 Bl S PR
Z RN, S 2B A T S B IR RERS UL 5
B | E A Z RTS8 L

4)Hy s ] AR T4 TR o) A SR — B i T
BALPPAE D7 . Bl AT LA A i A Sh AL R REAL
PRSI A R —ER PR PPN R AR A 52
HAAY Bt L — B 2R bR . ASRBITFE AT 455
NI AT 55 58 B3R A 3 R TR |
A AL PPAN A ZR 8 Al A A A SR AN A 4
A LRI, BEREAS 55 DA SRR B — 2, AT
THESCHE 5 B R R SR SRR ROR

®1 KERBERKTAURARS TR AT RHEZESZSUARERKA

Table 1 Mainstream Tasks and Technologies Involved in Visualization and Visual Analytics in the Era of Large Models
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