$49% 6 it & L 2 i Vol. 49 No. 6
2026 4F 6 A CHINESE JOURNAL OF COMPUTERS Jun. 2026

AEBR BN R BARESERERT A
AN 3T

Tam"  wEN  XEkT  FRR OBTA
VR Rt MUR R SAT LR SR Be Bint 211106)
ORI AR A SR EBE BN 310027)

B B AR RS R B S BN F AR S B R A 8 T i R s R PR Al R
BOAE X S EWEF BRE T O REMIIS 0 H AT Z G— A i i 45 o oG br e . A1
Sl S I 3 2 O T BB A ) AR U SR I} a8 S 0 2 A 1A, LR FE 40 S0 UE HC A S b 1y FH 3 35 v ) 2 G JEE Ak
o Ul ASCER I T I 10 B B R S SRR T A AR vk 0 BRI O R 48 T R O o R D R R
5N T A BUARSS 6 58 U L, IF PRI T A i G40 i B AN 2 etk - (DB SRR LI 5 2841 ] 2 Fh s b
A ORIE T AR 012 M DL LS AT A 5 T R 5 (2D &1 X B SR TE T A vh) v [ g SOME ST
SRR T T SR A B 5 (3D T AT AT I AT 2R L = [ A B 7R SR BT SR T AL A
PIK R B A AT T AT, TR AR b AR SCEA T P B AT I RS A D s Bk AR R
R PATIEAIR TS o H SRS T EIE 9 B30 ok DKL 1) A7 B8 A S ok 108 5 500 2 %o 55 A S AR I 1 A 7 A TR AL )
PP T HR AR Y B 4 SRR A5 A BT SR T I B v, TR R S LA A dieRe . SEa e SRR, AT
J5 1 LA B R AT e L 9 17 FH TR I G 8000 R B4 11 SR 5 AT T, eI A S B J RS X G A i)
Bz XA R IR sl . BRI RS S QB R Y AR T AR A R AT A 1] . SEEINECR H Y
600 4™ 32X FH 481 % 1o T S B i 4 - (D LBl & . 0 SR T 2024 45 10 A 22 HE 3t 252 MR sh W R & Riz 71
714938 LT 5 LA % 9900 423 6] {5 B 5 (2) A A4 . FETF 200346 11 A 20 HHIAK 562 5 K 4211 51544 4S5
SULL S 8078 ANl 25 (B A5HE o AR SCHR M 1) v 5 AR AR A B SN B AN S I 1 57 35 7T R A R RS 1
A 81.21 % Fl166.14 %, BHRERCRE - HCH 68.42 CHIXT /3410 o FEAT 1) 400k B2 AT $AAT 15 ] I 280 4 il O T 48 3¢
AL, B —EMSEHME.

KBRS AR s BURE [ ARE ST O 5 [ ORIE T B v T s A T A B 5 R T
REGESES  TPIS DOIS 10.11897/SP.J. 1016. 2026. 01424

Large Language Model-Driven Natural Language Query
Transformation Methods and Benchmark for Moving Objects Databases

WANG Xie-Yang” XU Jian-Qiu” LIU Meng-Yi” ZONG Chen-Chen” GAO Yun-Jun”

V(School of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106)
?(School of Computer Science and Technology, Zhejiang University, Hangzhou 310027)

Abstract Recent years have seen an explosion in moving objects data volumes with natural
language becoming the preferred choice for data access. However, existing benchmarks target
simple value queries over relational data, lacking unified quality metrics, support for complex

spatio-temporal multi-dimensional queries, and real-world validation of translation accuracy and
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efficiency. To address this, we propose a benchmark for natural language query (NLQ) translation
in moving objects databases (MODs), covering five commonly encountered moving objects
queries and two real-world scenario queries. We use large language models (I.LLLMs) and manual
efforts to design the benchmark, which highlights the complexity of query transformation by:
(1) encompassing diverse query types to present challenges typical of complex scenarios;
(2) addressing schema linking challenges caused by natural language ambiguities; (3) offering a
design framework for optimizing combinations of operators, entities, and indexes, while tackling
complex reasoning problems. Our two-phase query transformation method includes natural
language understanding and executable language generation. In the natural language
understanding phase, a coarse-to-fine algorithm extracts entities and classifies query types to
comprehend NLQ intent. In the executable language generation phase, executable queries are
formed by combining entities and operators, with index optimization. Experimental results show
existing methods struggle with complex MOD queries and lack precise efficiency control,
underscoring significant research potential for MODs. The benchmark consists of 600 test cases
across two datasets: a real dataset recording 714938 trajectory points and 9, 900 spatial data from
252 moving objects in Nanjing on October 22, 2024, and a synthetic dataset comprising
51544 points and 8,078 spatial data from 562 trains in Berlin on November 20, 2003. Our method
achieves average translatability, translation precision, and translation efficiency scores of

81.21%, 66.14%, and 68. 42, respectively. The strong gains in precision and efficiency control

offer valuable guidance for future research.
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Find 5 continuous nearest neighbors to the train 100 between 6:00 and 19:00 o’ clock.
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TR B TAE RAT 6 BN TR 1
FE ARSI £ 10 Y 1 S

55 e TR s, R A A i R R ) sh Ak R
FARIE S A IR EE . (DB R AR 28]
I A A B TE B . B 5 EN M R A M T B A
() AFEASAE A SR AE BT 285 3 ik Cln e iR
RS IS P AETE) s (DA ERWIE B (DA FAL
FRA A (O WA BRI . Ba . AR
A CoT J7 ik 4/ 18] IF 98 F GPT-do B 58 A
H Eh AL R LR E AR IE S A

4.2.2 HARIESERRE

FH NALMO #8477 16 645 90 20 A vk B
NALMO H B A% 3 5 5 73 £ 1) 2 B CAn g a] Bz
VAT < U L 961) S5 T 20 A 161 join 25 961 A1 528 AH AL 14
AR (R A B X DA LR RR R S R B Y
S R TN AR T A T SR AR SR T
T — LA ER A (R 2R T i o JE T R
TTHR A AT U SURRAT K L S A B E AR 254 L O
2P AN ERAVERF AR A . 45 & B0t PR B UM
S PR E AT BRI AR T A G s A oy B Y A
A5 B A BN R AR AR E AR 524 o B S R
LLM B 3 BE AR R S0 55 A Ry Z R0 [ SR
AR, T 58 R 22 Al i A Sk AR v
o RARIE H kbR 0 i, 54T B sh ik i 56
E i T sh A 0 A i) X HVE s, HEA5 B GPT -
do BERLHEE A B B FATIE A 5 RS [ ARIE S A
HEAT LA, PEAG HAE A PE . SRR T Z3 1B Xk
B AT P PA T ) DA RO AT ) 28 1) S5 4 A
BCEB A« A ARG AT 5 AR AN R 2800 g
FAFHEI R 7.3 DS KA AU A L R AR A A5 A7
I o AT IR A I 2 WA A 1) K il 2t %
FEUORRE by i . i BLSL A i £ X F
P LI

5 BARESER

R ExE AR TE F EA B ARk Bt T —
AR B B A R 5 1k AL AR REURL B R AR B B AR IE
AP . )R AR B B B B R AR A 1R S AR
o BEIS . TEHRLEE Y B o R FH P05 4 R 2 X6 52
e i SR AT BT AL, DASR HUHE A A X 42 AR O
R BT AR R B S AR R R B AR
ELR R L LR .

BiE1. SRR

A AR FAAMYIR Q. B8R UEMOKB,

Bzt g5 BAEMOIS, ek S8 FEMONS

i SEAREN
1. doc < nlp(Q) //FIFil 11 R 16 75 b 8 T H R 470
fib 3

2. FOR token € doc DO

3. MONS < Extract_number (token) / /¥ H U7
e

4. MOIS <~ Extract_information (token) / /%4 B {5
§SRIzS v S

5. 1IF token $ik3% N TIME THEN
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6. EN. time <— token / /{5 s} 8]

7. 1IF token FR L a4 THEN

8. EN. k=< token / /] Fcr 4B JEA~ %L

9. FOR entity € MOIS DO

10. EN. location, EN. relation, EN. object<—
Maich (entity, MOKB) / /iR 5| i 55, 45 1) ¢
EDLESHROE S

11. FOR number € MONS DO
12.  number <= MIN_SEMANTIC DIS C(number, EN.
object) //FR L G ARG IR fe/ M A
13.  EN. identification < number / /9 5] £5 i) X} 5
Frift
14. RETURN EN
XA 1 rp J2 R A Y N R) R AR B AT AN R 43
Br 55 LA rhoxf A i 51 5% Q i A AR = A B T 5.
Qb RN SCAS T A ) 52 2% B2 55 A5 1) P token 9
oA G AL A I 2 AL LA token, LER
RIEROn-L). 72552 % 847 B T X 4> token
PEAT SEUR PRI R B B4 token b B # A TT DL
R U TR A X — 8 Y S 2 BE D O (o L)
259 2 1047 HHY MOIS 8 J i #2732 MOIS A e
PSRBT me XF T A e SR, FEAT 50 PR
X5F AR R AR 148 % 18 MOKB A Y S 1R 5
N EIRER O)). EERG], LRCHAE R
g 18] AT AR 2] O (log j ) B BL 3 B 8] o DAt

AR B R O(mf (MOKB)), Kt f

(MOKB) 7R Ve BL#RAE A0 o 55 11 & 1347 %)
MONS H BB e 47 388 D7 (B i 8071 45
R ks IF BB T S A B I s 50 AR
THREA AR B 2B O(d), b d
Ry 1) i 4 B AT AR AE R R X — A i AR B
O(k)o FIEHFEAR NI ) 2 2% B ] DL 3RR A O(ne
L+ m-f(MOKB)+ k).
5.1 BAESRELRMEER

TEREPY B F 2 Hhn e it A AR TR 5 it 4 .
TE H ARG T BRAF R, BR IE AR SR SR A, SRk
FWEFRHNEZ —. HIER ARET ARE X
M) ZReME 5 52 2%k R A 100 A SRR 5 b3
T H spaCy , LAPRGH T AL (A5 e SE AR . i spaCy
HEAT 531 Fil i 4 SEAARTEON] A T A SR R 4
(DAF Bk S (2O B ik 4 . 5 BAR LR
55 A AT ORI AR ) 0GR A BT e R AL
T 3SR JE BB B B B AR AT R )45 8 45 .
FERE B 4 BOUS AT e $2 U Fr A e SR G B .

P 38 AT IE ek 2O B R HEA TR BRI . SRS K
5 “nearest” 45 B Tl HE B ) HAFTE TEUF
i e B P B IA E N T SR . 5 R B A i)
Xt 42 AT RE BRI L 75— Al R

5.2 EIBREEIRIE SR AR

S F SRR T SRS B S B A B T X
FEIAIRE 46 1T — by 5 A e e A 1 T ik DASE
PRS0 A SRR, A T ERR IR BOC SRR B
s G e RN S AR B T — A
BTG IR E MOKB , A 5 A~ HIRE - (DR &R
R RKB F1C2) b5 R E LKB.

RG W 53 0 B P R 6 5 U
mpoint J& Yk (FRRBH I L) R, I+ A RKB
L X — AR P EA RN EL. LKBE
B p NI BRI 2 A R RN X S 1 A X
SAY . [FIEFH GPT-4o S350 LKB , LA hn sz
BRAEALE B R S 405 FIEE )RR o R i ) b i 75 2,
AN LKB Tk & 3615 . e 8 MOKB J& , RKB H
THAER ST LA RN S . — BRGS0
G, 3 i R R B 5200 S T HAR g R
Shy HoAh SR BT B H R X AR

P AR PR R AR M T MOKB Ry 43
BERGIGM . Sr)EETIRCR A AW gy
Bio X T4 & BB AE 1 e R0
IR AR B R G 2. BiG  la Er
KA IR 1) — X% BB A A IR — > —
L I AR BREE . X A — 2R
SRR GIR . AR R R O(N A+ 2+ Ce
N+ N«L+M+ ClogC+ Nlog( N/C)), ¥ & )
B ] 52 2% 3 R O (log N ), Horp 252 35 AR KB, C 23k
B L2 a5 i T3 MO b S B

[ B o SR ol e v T X A ) R AT 402
BT LnT AT iE Ak . R A AT R A T
I3 FRERIYN G R Th 2 6000 2% H ARG 5 A k)
T 18 8 2 10 LK) 40 S I R 8 AR 4 L Rk B T
TextCNN | LSTM“"# BERT™ = fh £ %l , 1
I8 X FAL B — Ak A AR 1) o, oo ad i A2 FIVRRAE
PEIUG 15 BVRRAE ) 1 ROR N f(2)ERY SR
LM AR XTI R AR A 720 o, e AR AT OB
KAk H

Ply=kx)=
exp( f(x)e Wk—ﬁ—bk)/zfexp(f(x)- W,+b;)

Hodr, W, e RN b, 25 £ W FLE Fl & 280,y %

(3
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IRA BN Gt B eh AT B MU SURR B ). ASSCP s R R 4 o P ] U A
KL kN TR . FLOAT BT IR R T G IR 4 B
L==S" S 5 logP(y=4Hr,) (O 7R. RHRATEZAE R E A T OB
FErb N O REA L K Ry, AR, LSTM PRI A R B e A0TSR -
FIBERT 7EM A L (9 BUM R vEAT 24 . HLA9 0T MASBRRIEA R=ri,r o)y SRR
TextCNN. i F BERT B8k fe o FOUZent & e=lenen e, ) RHIE T={iny in, - ing}s
29 1. 5408 i LSTM il grmd e as 2y 1 8p, B AERF 5 O={o, 000 TAE S E W=
TextONN{ES AT 55 B (0 (R kb IR A (g o oo s He v g 9 BB T e HL g, 17 1) 52 £
ZRMIES . WS ST BERT BAKEATRAKN &S e ZIHURME C, Bl CPU BEIRATIS 17 1 ] 55 .
WEFRRE S G et i . LSTM AR/ MBS T EIFCL O*C 0. exCe, /ML BT
YT RET AU B 2 5 45 P A

L. . TotalCost = Efj-cosl( q;, O, ¥, ex)  (5)
6 FIHITIERIER =

ERE TH, BB C 1.0 C O.e* Cel flifs

S8 ML )4 B SQL LA 3R B 4T Y 1] 4017 TotalCost(O*, I*, e*)< TH (6)
AL, ASCP IR S R T HIERAM G < p, [0 < po, le¥| < s
T . S RNIERE BTG 1 5 A (Ao LA T 1R OR JA 29 515 51 3 4 17 R (Optimum Index

Y AT SLM. SE R g A iy Ay s Selection Problem, OISP) o & %1 OISP J& F NP-
SLM AT SR AR MR IO AL A AR A e B JeFefe Hard R ERE ™ 247 R IA 29 5260 5 BRAFAT A3
PSR S S L T USSR AR — TR R 51 ) 2 NP-Hard , H 3
W T — R0 VA S, LU B SE AS I T AR AR B AGE AL 2 DA ] ] g Ry L
— A B R R A T BT A BRI

query  feed  consume;

K4 Al T iE RS i

6.1 FIHITIEAEEERE “(name)” ] extract [ Trip ]) s % 2 5]t T #8734
K 4 J&n T 8 E SLM, Hf (k) (o)« (o) s 5 AR AR TR R X

(place) Tl Crelation) 53 i) Fe 7 Ff FEL 30 1) fe 3 4B J& 1> 6.2 EEIEEE

NS DO WS SN TR A NN D D& 25 PO 3 T A ARTE 5 PR AR TR B X g AR S

KFR . MR SR E AR OCR D (place) i AP I3RS IRI5 A IZ 0 28 3R U A H

ALAF WK 25 4 S T TGk 2 Hrh (amp relation) SR T AR IS 7 AT PIA T 18 g A5 AR (9% e 1] )RR A

1 name) 53 MR R BTG K RS LA FK SRR A B A A R A T AT A T I A A A AR
query {tmp relation) feed filter [. Name = RAYZEBEFNAL G . DI 58 LI 2 5 A8 18] 28 51 AH X
%2 SECONDO RHRIER
PRAERT Wk P
filter stream X filter condition—stream oI A g
intersects {mpoint, line, region}><{mpoint, line, region}—>bool (Al AS
shortestpathlf orel(tuple()) X IDENT X point2—>stream(tuple()) T AR T
knearest stream X mpoint X int n—>stream Bl SR =Y

dist_euclidean pointseq X pointseq—>real BT B TR
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BT AT 1 R A TR P e 5, D/ Mg 328 T A 73 )
3 2ok AR A 2 A5 T
6.3 FIHITIERAENEEREEEER

B X8 A [ 2 AR A L B T S e S R D
AH L I AR B S 280 6k 7 A A7 L I 45 G BT I R A
A N W) AT AT ) o AT AT O g AR AR G B SR
19 3R 5 I AR AN 45 i 5 b 2 1 0 7T P4 T3 )
TR 7 5] o AR i 2 A A 1 LA X G2 L s (] DL R b o5
EAE BIT S5 G s ERAERT A AR [A] A5 44
DL EL S 37 S5t A 1 O 0 R AT A R BE BR AT R A T S
i getstartpoint F getendpoint FEAE AT HRAT 22405 1) i
U sSORNZE 55, IF R shortestparhdf BAE AT #6) 8 5
i . M dist_euclidean FEAEAFF ) W7 A 1) i HH 28
P 5 50 PR B 2 1y B A 0L EE 2 A R B E Y
158 1«

AR IEHE S 5 A S A DA K e S
T 25 76 6 n] $AT 18 ) A 3 B i R 24 R,
3 4 /N LM TE A T AT 18 /) B i) 48 & 25 ]
M 2 AR R SRR Pk . DA &Y 0 A Al
(Retrieval-Augmented Generation, RAG) HE 48
) AR SCHE B SR T 7 B AR AT $UE T 1 R A A A Al
A RAG , 8 2146 2 8% 2h 840 2 FH A LU AR HCSE
A5 R o ok A B HEAIR B R S >
e R CoT HEFEALH o B 28 B 72 o0 % hy SRS
SRR 0] P T A Y DT E DA R S AR B B = AT
A8, I FH GPT -4o 2 B A% A6 W 1 2241 2k ik it
FHPAT S5 R0 A — B BCEE LRI B SR P fe sk , JF
i 3o J 22 0 S Ak PR B S B A R ROR A AT
s A R LA

TEJG RSB By, REE T RGN . B, 1t
SRR T A 28 R s i id sk B . AR
Ji o ARPEARAEART 29 AR A ih) b S ¢ R oAk T
R, L P R R W R R AT AR R A T SR AH
PR T E SR BB EH A . X T EA S
UE R A, DAAE B AT I TE ) h BR A R R
5 R AL 2 A 8 T AT B R A if) . RS L T —
AN AR RY, 1] SR AE 1 /N B R A 7 AT R T
TR DAFROIN A 2 AT 00A T 500 A A v ) B[]
B A PR R UL ] AT A TR A .
Ah, T TR P A8 B A, SEER T R0 B
FAGHL . FEIRBY B » 28 Gt ik A I A 36 2 D 1 i
PR {3 G S A4 A T A 285 16 28 591 AN DG JiE g A ) 245 2R
RS A I B AL EDUL A H PR, e PR S
T A . A, B X A i v 5 R i SE AR [R] A, f

VPP 5@ 58 S5t 2 TDH B2 A9 S A5 SRk 5 21
WP Aok, TR AR Bt 5| ARV P
XA S RAEAT VN AT 2 oL OF BT
C A AL A Sz AR L LUAE S LLM 75 2 B A% A1 i)
A B AR B P P S Bt A B4 Y AT 25 2ROk A 2
TR I R UM P f il A AT 4 R TS W 4 T
R G HERPE AR

7 EWERSHN

SEEG A ECE WF : Intel (R) Core (TM) i9-
11950H CPU.2. 60 GHz.32 GB NA£.512 GB i i,
2 E £ % Ubuntu 22. 04 (64 137, N KZJRAS 6. 8. 0-
49-generic) . B IEMFIE A Text-to-SQL J7 & A K
LLM 7£ Text-to-EXE [A] & (1) R I, IEHR X 267
A RS B X G2 A I T A0 I P A P R R
PEo SCIRRCIRAR 2 2024, 12. 31, A TIPAL , AU
VR A 1) W A VR A 1 L 3 S R AT K
R, AR EE N A SR T A B aT AT IR A
TR . PATRCRAE B A B TR T T A A S
JE T R AT 803 o BB A R A R AR I,
https: //github. com/zhongmove/NALMOBench.
7.1 EWIEE
711 AW SR R

WES AT R T A LLM FRyEFISE A1
Tt T B A . A A LLM R f 74 A%
AT TAE R AR TR 2 — e B T o i 4
PR 2 ARl 1 600 X5 F ARG 7 A i) 5 A A 7 A )
XF s BERSTE SR A AT RS S X R A RR s . AT 11
A V) B PR, — R T e B A I T 1 —
T2 I [ LSRR SR I A SR AT T % . %
AR A4 S TILRA NNLTR FI T 25453 , T[]
S R A HE CR e DT 2548 . (Rt 41,
Spider ) SQL A Ik B FLF A i 4 B, 43 A i B
25 PRIME R X DU HERE . R IIERE EEE AR Eh 5
B I B A R AU A T U143, 43 A R
SERT PRI , Hr TT AP0 Kt R] A 18] 5C 2 R A i)
NG A SA, h faT BAMERE s RA NN T A TS A i) K
BN 2= 00 SR DA SARAERT P AEERE s CRAIDT
B T R E AN B 5 W RBEAE R A2 2
AU R RIMEERE . SRR TN A SRIE S S
IR PATIE A A B AT ZREALRFE . ARG & Axif
FTAT A TIE A 7 5] DL 53 1 R 6.
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7.1.2 BuEsk 2003 4ERREE H5E 1 i T6 10 Bl PER U5 B gt

S IR IS B BB s A 2020 4, JREESEE R LL 2020 AEAE R
AL nanjingtest MIA LAY K FHGE berlintest. P E BJRISEEME. nanjingtest [RIAZEAE 1 5Tl A TIELIX 5
SEREMFENPIE N 202442 10 A 22 H OR Z= 2404 3B BEFIHLGUE B A 9900 IR B . MR 'E
[ T 252 ftH R4S A S ARG BE B . 90007 14,887 ARZE AN 134X Ik 2l A s berlintest £74i# T
BTG B 7149381 s K ZERS S A 20034F MRS T PR 2. . 46 POTFIATR - A7 8078~ Hiu i
11 H 20 H 612 9 HHIRIAAAR 56 280K A=Al 1Bt I . HbIEAEE 3040 554708 2:4Fi1 3301~ X I,
W MR BTG B R 51544 K EFR SRR T 4. FUAR(EIE R 3.

®3 BEEER

okt =M 1 =2k X =g I ]
nanjingtest 6 9000 887 13 252 [2024. 06. 15:00:00:00, 2024. 06. 15:24:00:00]
berlintest 50 3040 4078 330 562 [2003. 11.20:06:00:00, 2003. 11. 20:09:00:00]

BRI THHROR IR A 5P AR, IBPITA S BT T RO PR AR Y AR TS
oA i LS5 B L AR | O S T A S Ak R T VAR P BAT IR R 0 A LRE T L B T R
PSSR B35 . nanjingtest & berlintest 43 K& i % (Translation Precision, TP) . %3545 i 5 il
AR AL B SR SEUALE , g as MR e ISR A Al AT IR AR R A SRR S AR S N
5 3 SR U G R SRR L RERS S FE ORI AR IO RREE S AR A AT AT I R A bR v AT AT IR
RS SCRBE T AT AL A, . RImE et AURPRAT AR IEAT He A B AT A R A AT 4 2R
s DGR 2 A 2R R T R s e WIFRORAE . RN R ST A A 4 9 D) o0/
B 2R RE . L. ST SR re BEEESE BT 2 S, 3R n MR B9 AT AT EL
RFeME 58 oMy i C LA 8 Text-to-EXE(T % TEEAWES  GFRRE n NGRS EROR 5 45

BFFEIRE S I R R B RLF IR WG R(S)ER AT SR GRS R(G)#
7.2 M IERR AT G R A RS . TPESCH
1E Text-to-SQL 4 » RGEHYPPAL T2 A =4 TP:ii(MSm G+ 1(R(S,).R(G,))) (&

FEFR 43 W 2okS B VE B (Exact Match, EMD R4 T#E Ni=

B At np b P 0N N
fifi 2 (Execution Accuracy, EX) FlH 8 %% 3 7 1A, B)jz—1 *E'%E';&’E.Xj\j
(Valid Efficiency Score, VES) . EM ] ff i A5 A 1(A,B)= LiA=5

0, otherwise
PRI SQL SR SQL 2 [A] (A UL . EX ‘ AR, o
SR TP IE B Y SQL 468 5 1. VES S AT EEESE BT TR ARt

2l 52 HE fo Tl % A5t 5% AN ot =
. - . , PN TS ARG i B AR T (Translation Efficienc
SR B A A SQL BT AR Bl SQL iy 2 AR IR bR BRI on Efficiency
PN N X . Score, TES) , f 5047 i (8] F1 25 & )& &= i CPU
PATHIE] . R T IEAL Text-to-EXE RS0 H AR EF X ~ P
e 1 ‘ e o o A 5 VES AR, TES MUFEIE T Al Tifhis
PRAGERE T, 2 0 T — BORT 09 BE i bR oE AT R P N . N !
. . y . TR FF LR A8 A T CPU B a] , it T —
(Translatability, TA) . A= Bl s Ta] 4o B K52 i H . X N
S N NS AR VR 4E . A E () F#oR T I
RIS AHEE T LLM 9 J7 % 2 B [a] 46 2% 76 4 2 1o COVS7 CPU L. S 58U T 7 B
L AR IE T LLM (1) 5 1 35 2 A ) 37 78 SE ARl H

R %t a], TES & X
N R A R, g o TESTE

1 R
S R G AT TR A EQA AR TES= D3 (L(R(S).R(G,)-QE(Y.. ¥,)J10)
RIS 4 NS TA S X

R E(Y,) c(Y,)
Y= (1)
TA_ﬁ\?’ 7 QE(Y.. ) /E(Y)//C(Y)

5EM AR RS VC L] e 2 ke te g iy i QEC) F A sl nl A AT TR AU AR TFAm e nl
T AE AL F AR R A A T B AT AT ROR Y, AR AT I AL Y, N

D
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A BRI AT IR ) I ACE AR eRESCA B T i
Uity 7 06 AR PTG 25 SR ) T4k
7.3 LWL E

UETF Text-to-SQLAARMIHGE K J2, I\ 34~ EEE
BIFPBERE T S HA R i ST R ik 3
TR MR ITEFEET LLM s, R sy
(LA TR BERS (AR Ak  (EASSCA R IR AR e Ty
ARSI - HA W e e T R A B
BRI . BIREET LLM B il 8ok 1530
AT REFRIASE TR T2 1 iR
Text-to-EXEALS5 e S = 1 itk . R, X
X3RRI T T A, ASAFREAARIEAL . (DT
FRO B 75 AR S0 FH NaLLIR #1 ATHENA -+ +#17
XFEGe NaL IR IR TS hornes 55, AR
P R s SQL. ATHENA + -5 W B il
T OQLAAE R HRIFRIR s () FE T2 2% 11y
T AT ValueNet fE AT H7 2 25 g 1
SemQL#EEE. ValueNet X BARTAE M4wias, HIT
PE] FH AR SO R0 s (DT LLM A ik - 1k
HUGPT-4o FIFIEAE LLaMA 31E R e Rl e ot
Fb. 7EBird 5 {4 ki PEOE TGP T -
4o. [FIAT, LLaMASHEA M) iz il ) A AL
—o BEAM EBOLEFRUA MY XiYan-SQL. LT RAGHE
LAY CHESS DL T BER ) OpenSearch-SQL
FixtEL.

A T NALMO+ #4175 . NALMO-+

JEAEF] SECONDO Z 4t TR & 2R b A REBE B
IEHA LR A RE S AR . Lok, ik —
A IEA SCT T LLM ) Text-to-EXE % fiE iy
TV AE [ SR TE T HRAR AN AT PRA T A AR ) RE il |
PARAGHEZE J 5], 455 GPT-do #EATXT L
7.4 KIWERST
7.4.1 SLEREER

T OEH R Sy Ik A e . R AR
THAJTRE TA TP 455 PR 4G 1 T R R
JET AR F A 20 i8R . TR sl S8
JE B AT SR AT 18 A 5 bR v SQLFE B 45 K i R
ik B AFAEZE R TN 0 A5 I A AR B
fift o B2 . NaLIR 5 A4 2 10 1 SCAf BT A4 10 7 0 5
SQL A HEAT B E 7 1 X5 #% 3 % 52 A i) i ot 52
PR U DL SR E AT e B A DR 3, TA RIAAS
fE, B TP ¥ B . ATHENA+ 45448,
AR S B AR5 S A3 T H CoreNLP 78 1 X H
SRTE T B 3 R P RE RS X T8 R SRR BN
27T RE NS IEAT A R0 BR AR L (2 95 SO 52
A G ) S 408 55 R SR W) vk 1A A R BT
B o JUHXT T BS54l , ATHENA++ G
P,

Hi T ValueNet fiff F v [a] 3R R VR A i o Rt
i 72 1 Ji b BHAD RO T v ) R 4y SQLL A
WESCEZ, T ol AR EN A AL TE
TA L RE#ZIE B AE [ AR TE 5 A0 1 T HAR 2 i 45

x4 TTHEENEEHESR

TA/% TP/%
Tk i £ A A L hag biia Kot
TIT RA NN J TS CR DT T RA NN J TS CR DT

NaLIR 5.84 3.06 1.79 1.05 2.00 0.00 0.00 2.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ATHENA++ 37.27 31.63 21.43 27.37 28.00 10.17 23.53 29.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ValueNet 35.04 20.41 19.64 18.00 16.95 11.86 15.69 24.33 16.79 14.29 10.71 5.26 2.00 3.39 5.88 9.23
LLaMA3-70B(0-shot) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LLaMA3-70B(1-shot) 47.45 30.61 24.62 20.00 15.00 5.08 29.41 27.35 21.17 17.35 16.07 8.42 2.00 1.69 3.92 11.41
LLaMA3-70B(5-shots) 54.75 35.71 35.71 24.21 18.00 15.25 33.33 33.05 25.55 21.43 25.00 11.58 9.00 10.17 9.80 16.95
GPT-40(0-shot) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GPT-4o(1-shot)  56.20 40.82 39.29 29.47 19.00 6.78 35.29 34.90 23.36 20.41 19.64 9.47 3.00 1.69 11.76 13.76

GPT-40(5-shots)
NALMO-+
XiYan-SQL

CHESS

OpenSearch-SQL

81.75 48.98 51.79 31.58 52.00 16.95 39.22 50.84 71.53 47.96 51.79 31.58 16.00 13.56 23.53 40.27
89.05 79.78 78.57 73.68 77.00 45.76 58.82 68.96 72.99 61.22 57.14 61.05 65.00 37.29 41.18 60.07
84.67 74.49 73.21 70.53 76.67 68.41 65.36 73.33 69.34 40.82 48.21 21.05 13.67 13.56 11.76 31.20
86.13 76.53 80.35 71.58 78.33 69.49 58.82 74.46 72.12 51.02 55.36 34.73 60.00 33.89 35.29 48.92
86.86 78.57 76.79 73.68 78.00 71.19 70.59 76.53 71.90 53.06 51.79 32.63 64.67 35.60 37.25 49.56

NALMO++GPT-40 91.24 81.63 80.36 83.16 84.67 72.88 74.51 81.21 87.59 71.43 71.43 66.31 68.33 50.85 47.05 66. 14
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®5 AHATIEMEBELTRE]

ERAIEUES AT PATIE R
s B B 2 1A query (relation) feed filter] present(. Trip intersects (time _interval))] consume;
JE B ) query (relation) feed filter [(deftime(. Trip at (location)) intersects (time _interval))] consume;
BT AL let UnitsTrains = Trains feed projectextendstrearn[ld, Line, Up; UTrip: units(. Trip)]consume; let UTOrdered =
il UnitTrains feed extend[Mintime: minimum(deftime(. UTrip))] sortby[Mintime asc] consume; query UTOrdered _Rtree
UTOrdered feed filter [(deftime(. UTrip) intersects {period) )] knearest[UTrip, (object), (k) Jconsume;
o let {index_name) = (relation) creatertree[UTrip]; query (relationl) feed extend[Stretch: trajectory(. Trip atpe-
join 23] riods (time _interval))] loopjoin[{inedx_name) (relation2) windowintersects[bbox(. Trip)] {second}] consume;
W L let (object]) = (relation) filter [(deftime(. Trip) intersects {time_intervall))] extract[ Trip]; let {objectl) = (re-
e lation2) filter [(deftime(. Trip) intersects (time _interval2))] extract[ Trip]; query dist_euclidean(to_pointseq({ob-
jectl)), to_pointseq(<object2))) < (threshold;
SHLZE  query (relation) feed filter[. Trip present {time _interval)] extend[Stretch: trajectory(. Trip)] filter[not(. Stretch in-
i side {operation_distinct) extract{GeoData]))] filter [not(. Stretch intersects {operation_distinct) )] consume;
let {object]l) = Edges shortestpathlf [Curve, (Stops feed filter[. Kind="start’] extract[Stop]), (Stops feed filter
P— [. Kind=‘end’ ] extract[Stop])] extract[ Curve]; let {object2) = [const pointseq value ((getstartpoin(object1)) (ge-

tendpoint(object1)))]; let object3) = (relation) feed filter[. Trip present {time _interval) ] extract[ Trip]; query

dist_origin_and_destination(to_pointseq(object3), to_pointseq(object1)) << (threshold);
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®6 HAESZRMAHITIEAXTA

AR H R 5 A if) AT PATIER)
uery Trains feed filter|. Trip present [const instant value “2020-11-20-8:00”
I [R] Which places did the trains nery . [, Pp .[ .H
. extend[Pos: val(. Trip atinstant [const instant value “2020-11-20-8:00])] project
A if) go at 8am?
[Pos] consume;
query Taxis feed filter[. Trip present [const periods value ((“2024-06-15-8:00”
st [) B Where were the taxis from “2024-05-15-9:00” TRUE TRUE))]] extend[Stretch: trajectory(. Trip atperiods
Eewil 8am and 9am? [const periods value ((“2024-06-15-8:00” “2024-06-15-9:00” TRUE TRUE))])]
project[Stretch] consume;
. Which trains pass through . i . . . . .
JL 0 « “Tiergarten” query Trains feed filter [(deftime(. Trip at tiergarten) intersects [const periods value
e park “Tiergarten
A if] . § ((+2020-11-20-8:00” #2020-11-20-10:00" TRUE TRUE))])] consume;

between 8:00 and 10:00?
Find the 6 continuous
WITAPfE nearest neighbors to train
2rif) 100 between 10:00 and
13:00 o’ clock.
Bl AHRIE  Did the train 5 and train 15

iy have the similar trajectory?
join Which Taxis have the same
i) trajectory?

Please tell me if Taxi 3 has

let 1100 = Trains feed filter[. [d=100] extract[ Trip]; query UTOrdered_RTree
UTOrdered feed filter [(deftime(. UTrip) intersects [const periods value ((“2020-11-20-10:
007 ©2020-11-20-13:00” TRUE TRUE))])] greeceknearest{UTrip, t100, 6] consume;

let t5 = Trains feed filter[. Id=5] extract[ Trip]; let t15 = Trains feed filter[. Id=
15] extract[ Trip]; query dist_euclidean(to_pointseq(t5), to_pointseq(t15))<<0. 5;
query Taxis feed extend[Stretch: trajectory(. Trip)] {t1} Taxis feed extend[Stretch:
trajectory(. Trip)] {t2} symmjoin [. Stretch_t1 intersects . . Stretch_t2] sort rdup

consume;

query Taxis feed filter[. Id=3] extend[Stretch: trajectory(. Trip)] filter[not(. Stretch
inside (district feed filter [. Name=“Gaochun District”] extract{ GeoData]))] filter

[not(. Stretch intersects boundary((district feed filter [. Name = “Gaochun

District”])) )] consume;

let t5hesttraj = Edges shortestpathlf [Curve, (Stops feed filter[. Id=5] filter{. Kind=

UL onal
. any cross-regiona
i) .
operations?
LRk
Ju . .
. Did the taxi 5 take detours?
i)

‘start’] extract[Stop]), (Stops feed filter[. Id=5] filter[. Kind="end’] extract[Stop])]
extract[Curve]; let t5hesttrajseq = [const pointseq value ((getstartpoint(tSbesttraj))

(getendpoint(tSbesttraj)))]; let t5 = Taxis feed filter[. Id==5] extract[ TripJ; query

dist_origin_and _destination(to_pointseq(t5), to_pointseq(tShesttrajseq)) <<0. 1;
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Background

The explosive growth of moving objects data has led to an
increasing number of users engaging in the usage and management
of such data, which in turn has driven the rise of natural language
interface to database (NLIDB). However, NLIDB primarily

focuses on relational databases, and as SQL is the most
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commonly used query language, SQL lacks support for spatio-
temporal operations. Existing systems rely on database optimizers
for query optimization, posing challenges for mainstream large
language model (LLLM) -based approaches. On the other hand,

translating to executable languages for spatio-temporal databases
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can address these issues, but the Text-to-executable-language
(Text-to-EXE) field is still in the early stages and lacks a unified
evaluation standard.

High-quality benchmarks assess the performance of different
NLIDB systems and promote continuous progress of NLIDB.
Current benchmarks primarily focus on relational databases and
lack real-world scenario validation in the moving objects database
domain. Evaluation metrics emphasize translation accuracy, with
less attention given to the efficiency of executable languages.
Furthermore, LLLMs have yet to undergo unified validation in the
Text-to-EXE field regarding complex spatio-temporal queries
and query optimization.

This paper proposes NALMOBench, a complex real-world
benchmark for natural language query translation in moving object

databases (MODs), which presents an LILM-based corpus

generation method for MODs. NALLMOBench includes common
moving object queries as well as complex real-world scenario
queries. The paper decomposes the Text-to-EXE problem into
natural language understanding and structured language
generation, and provides baseline methods. Experimental results
show that NALMOBench presents significant challenges to
existing Text-to-EXE methods and LLMs. These methods
generally cannot directly control the optimization of the generated
structured languages. The given baseline methods outperform
existing methods and LLMs in both translation capability and
query optimization.
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