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Abstract: With the advent of the big data era, the significance of data analysis has increasingly come to the forefront, showcasing its
ability to uncover valuable insights from vast datasets, thereby enhancing the decision-making process for users. Nonetheless, the data
analysis workflow faces three dominant challenges: high coupling in the analysis workflow, a plethora of interactive interfaces, and a
time-intensive exploratory analysis process. To address these challenges, this study introduces Navi, a data analysis system powered by
natural language interaction. Navi embraces a modular design philosophy that abstracts three core functional modules from mainstream
data analysis workflows: data querying, visualization generation, and visualization exploration. This approach effectively reduces the
coupling of the system. Meanwhile, Navi leverages natural language as a unified interactive interface to seamlessly integrate various
functional modules through a task scheduler, ensuring their effective collaboration. Moreover, in order to address the challenges of

exponential search space and ambiguous user intent in visualization exploration, this study proposes an automated approach for
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visualization exploration based on Monte Carlo tree search. In addition, a pruning algorithm and a composite reward function, both
incorporating visualization domain knowledge, are devised to enhance the search efficiency and result quality. Finally, this study validates
the effectiveness of Navi through both quantitative experiments and user studies.

Key words: data analysis; data query; visualization; natural language; Monte Carlo tree search
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EEN P Hits@?2 (%) hE 2 (%)
KG4VISTT 2.068 2 75.07 60.01
DeepEye!®! 2.004 4 77.28 93.19

] IRAL R A5 1.726 8 87.22 98.12

o HRERSLL

AR R B b ) R & 22 R B SR & T B AR . AL USSR AL P IR 3 AN TT I PRy,
o, P e 43 AL T RS AR B B ) TR AL 46 T 43 A A ELR B 2 HT VRS R 4. A IRAIE AR SR H
B A 2 eR AT R, AT B T 5 B Navi (922 RRSEIL, W pros.

(1) Navi: PP Navi /£ RS HTH 7 WP B O0 T, 8 OCE B AT AL 45 SR (1 B
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(2)  Navi [ 25 A A4 AT AN IR VT 43

(3) Navi B EHARKHE T 5.

(4) Navi B&2%H P wIF W46 TS

(5) Navit: WIMHP#ITZRESS, S6 9 W EILT, Bk i n ik 45 5 00 )i &

x5 AR THALIMER, NERATLLEY: M S5 E)E, 5ESEH VS TS 2]
AL SE R B B, Hits@2 FEHER R 25108 90.36%F1 98.83%; ML F, MR AHE B X481 H it
RPEAG Navi 8 R4 B AT ALAL S B &, W) Hirs@2 FRHER 2 73 DI FEAIK T 2.64%M1 1.02%; BeAh, tnit HF
fii Navi B A4 B AT AL 25 R AR &, F 55 ) 25 3 v A0 U R 3 o BB R AE VT 43 BUFT P R AT (R T 46 O
SIHIER A, W Hits@2 FMEAER RSB B, RS s RER W EEREREHEEMN 3 A 07H
HO T AG PR R A M AT IE R T L, B R S P I EAT A, I AR 4 L 2 ) R Y
Al DL — PR T A R AT A A R R . Rk, ARSI A 2 R RS 05 B A T M AT AN AS R T AR AL 4G
R E, FEER M TE 5 AT AL PR R AR AR v T 2= 1 T AL 45 2R

RS A Bl R B Bh L 56 45 R (%)

J7 % Hits@?2 TR R
Navi 25 A7 A4 AU AR 1 7 43 78.56 92.15
Navi 2 B RAE 15 77.82 89.31
Navi & 25 P R 45 IR 46 VT 4 76.78 91.22
Navi(EH P22 H) 87.72 97.81
Navit+(G FH J' 28 H) 90.36 98.83

4.1.4 A5 HERNA ZETE

ARSI AR 1.2 AT 55 VR B 4% o (0 AR 4 b HEAT I, Z R SR 2 3 T Spider! A nvBenchP 4 4 4
0. VPO B R AT S TR T S B S A R B P RN B RE S W, IR ELR A E )RR
P, ARSZIGRA 3 AP e bR, BIMEMRSR. AR F1AE: dERf R TS AT 55 1 B 58 15 43 e 75 18 2 A0 DK
B L], A [ 2 R R IR 2 L 45 AH RIS R 00 75 0 80 5 R R4 BO B LBl FLAE 3R A 28 00 4 [l 2R 09 1
P, [RBRT Wi P

R 6 BN TS TERMLILE R, L5/ FEATENRE LEE] T 98.22% M HEM % . 98.23%1 H [H1 X
F198.55%M1 F1{H. X Eesh JR W] AT IAT 45 VA FE 38 e 08 1 O iR B AN R 28 84 (19 A3 AT AT 45, I FLvBE i oy
e S AH B (R A e

R 6 TSR SLI0 45 H (%)

(LN NRTES EIEES F1 {4
1255 A E 3% 98.22 98.23 98.55

42 AP

A T 5 ALK MR 15 B Z 5 R S8, YR T Navi i 215 A9 8CR.

o RS, ARSEWNREALH P TE T R R A AT AL A ORI AT R BR R 1K 3 A5 TS T i ate
SRS, Pl B ARE S A S ARG, JFARYE AR G0R B 45 R 58 O R H bR

o M. M MES G, ALK A ARG, W ARGES A NG 45 RUR
BT MEATIE . AR, AT WAL 77 58 RT3 T AL S I TR AN R A H

o ISR, K 6(a)f7Rs T Navi fER MM 4ERE LR EE, HrH[a8Ed 7 4 202N 5
Gr). X SR RBL T AR B T SR B R B, D9 R TR L R 4 A
K 6(b)siar T AR P AE A Navi I RIZZ B[R], W] BUA #6208 A2 B I A 2 4
B L M BKT, B Navi B R BT ™ B0 E5cd 70 A i 0 AN 2. T B 6(c)HhmT BB
SR AERAT P AACIR BTSS0S, P B-P 25 BN ) e A, IR AN 8 1 AT A A PR R R v A
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PE, RN B T Navi 4835 B F P SRt #8 7= Kb 0 7 R A7 30bE

5 300
4 — * ) X Befekmd
=200 ﬁ F LR -

8. E =
o o] T e m T

0 0 0 40 80 120 160 200 240

ORI I 55 T CFIP W PEI0)
fihw P27
&) F S (b) Ji P2 T (o) R 25 00 22 T
Ko Myscimsi
5 MHEXIE
 NL2SQL

1E 244 KB AR, WO K I B 42 b i o A 2R oA A R R A8 o 32920 NL2SQL HiR iz
M, e RV P IE L FARE S SRS 57, 55 H v WSS A B RS RAROCE R IR, &
TR BE 2 > B9 NL2SQL A5 784 7 H4fs g Rl (] AR 25 A BRATUS S 1 5 35 (O 7ok Jg 181 g7 () NL2SQL A% 78Y
11 RESDSQLP?, RASATPLL B Graphix-T5P4, 38 #5571 3 T30 (fine-tuning) (1 77 INAEAT I Lk, 1X e fii 7Y
FHE R I (NL,SQL)FEA KT R BEAT U5, FAE# I Spider" V4G 5Ll i 4 1 BEAT RO IPAS. T, BEE KiG
= R (large language model, LLM)¥I X4, — L6573 T UG PR &R FL7E NL2SQL 1155 L RS g, il &k
ARPSURUL REASR R, B4 C3PR1 DIN-SQLPOIZE NL2SQL 145 1 35 J& It B0 I A0 SR, 4R, 4T KiE =
PR AL A Aab B KA 127 Hh 22 RN 22 500 18] 56 R I T AR THT I PR AR, X 5 S50 7 A B A 2% A U AT 55 I (0 1R BB RS A5 B 11
T RO 7 iEP

e NL2VIS

NL2VIS (528l 7 32 B 43 A3k T 3000 1) J5 ik AN 3 TR 18 22 ST 7 vk 078, Hoep T30 7 S A0 R
PERF ST TAEA NLADVE, QRec-NLIMOFI NL2Vizl?". 12577 % 1 B T8 @A 22 (n NLTK™!, Stanford
CoreNLPUHI NER™W) %t [ 4818 & A ) b A7 b, b 42 B b fia A 42 SO AR 5608 5 05 1E, IRB I R
FOH A Ay o S A TT AR AL B ). (H X K7 78 AL B [ SRAE 5 B0 M A TR R PR, e M £ 0 5.

UTAER, TR A SR HARIE F AL B AT A SR M HEE DTN NL2VIS 24 T 3 R B4, WA E T uh %
VRIS 23] 5] N NL2VIS A£55, Hh BARE KB L/EE ADVISor™. ncNet!™ !l Chat2vis*®!. ADVISor %
FI 7 2%+ BERTYWHES, JE5ep NL2SQL A me i, 56 F MU0 A= st i ML AL 75 ). neNet & — 3T
Transformert 2 SZF i B SR Y, 48 7 NL2VIS B8 A A 338 v BB 4 nvBenchPHE AT 125, %885 %10
T AR 3 5T B (NL VISREAX, IR FE S ST 4 51345 T AR 1. Chat2vis T T5 40 Huks K
EEHA N Codex!™ A GPT-3MN 578 THREPOMALE &, SeBl T A 4R1E = A0 20 v AL A W i i e, HE3E T
NL2VIS Bt K JE.

o HHLIRE

N RF A L o B = B TR 5 SR — TR T R AT 45, & TR TR EE . W 0 b7 2 TR A
BT A, Rk, BF & B8 65 1 3h 347 AT AL 3R R 5088 0 B R 428 43 L W E 2. 41, Dracol Al
DeepEyel™ > 1 fit gt 52 B S 42 (L HE 7 5 A0 AT A4k 45 5. 3L, Draco R 3R 15 B 4 UM 485 & 1 U7 3%,
AR5 S HE 7 H G R 1 AT ARG 45 SR T DeepEye MR T YR SR RIAS AL, P il n] WAk &1 26 (1 o &, )
Learning-to-rank>* M R AT B HE . A 7 i AT WAL AR 225k A2 50 s 00 F 7 (4 M s B, — S5 0 TR 224K
BN S HE A, B8 LineNet?®>'5% F 22 T Vision Transformer®®'ff] Triplet Autoencoder 54, A& 4% F /
AP EG, B A HEREAR LI AT R I 45 R LuxPTRE — AN T4 RAE Jupyter Notebook H1f9 T H., BEHSHR
P P SEBR 2 HT 2 I, SN R GO 40 0 ST Sevil>SII S35 R VB ¥ 22 HL 77 3R SREUH R 40 A A,
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5 P P B % 3 9 5 5 L S OR R R R AT AT ARG () A AN PR R
6 ZELSRFHIE

RSB IFRBL T — AT HRIE T LB R S8 Navi, HERABHACK BRI, S T $odl
i) AT ZE AR T IR 2K 3 AN ThRERLER, JF RS MRS — 2. BALSCIR A /7 SEE R U, Navi
RE S A R S HE TP AT B 2 A A ROR A0 TAE R BEAHE: ok, SREZRXE, Ba B TFXUER, A
FURENS FR S AT Bos AT A R IRR 5K S HAM S &, I OE 5B B RE S AT I
ML, $Em Navi /£ & MES ERRZ AR FIRCR.
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