hE RS R AR 2026 f ¥ 56% £ 10 H3: 2364 ~ 2379 Q (PR ) Zeki ik

SCIENTIA SINICA Technologica techcn.scichina.com SCIENCE CHINAPRESS

W mEEmARSTRE CrossMark

BT ORGSR iz B A AL B AR BL S SR AT 1%

4, ks Ustmesk!? Lzl 6,40

1. P ERFEEBE E ST TR, B4 RGNS ok B R p sEie e, Jha 100190
2. HERF BB, Kb 410083

3.EERG LAEAEE ALK E, Kb 410003

4. [E BT RHE AE E A F S = )\ T BT, B 210023

* E-mail: tenghai.qiu@ia.ac.cn

ke H ;. 2025-10-29; 52 H: 2026-02-05; FIZEHR K £ H: 2026-09-22
XK AR RSO S: 62503472, 62322316). HEMIZE ¥ HEREZES T SH S SUR)(S: CSAA-YSF2025-GNC-08)
R ARG LA A E E AU S RE R BT H ('S 6142101240203) % B

THE TEEE%E(E’JH%LK%%&TXTTEE BER, TANAEEEBZ2FEFAREANERLER, M
T’Eﬁ% 26 . B[ E%JEQ’JKWE/\%%, CHERE RN EEFHNERZLRAE,. FASERMEERET

WT&E’J%T&I@E@, BB HNBRFEESELARBIARERE ARG RN RAN. S8, KiEEHEA
(large language models, LLM) & 14 £ M a5 LB 5 & b /1, AREFE THE A RERET 25mEx. A
HHRENLLME EEFWEAEEGHTTWIRE, BEALARTRERY, wEFALLME #2573
WHRFEEE, WAV REZEES KB AENZRERL AXRBETAEEHANTER MR IR EE
Sk, EAMEAN-AEEHA-TERNEEZERTELAR, FLLMES S 6 A KW IR 5RITFETER
W ARBHTER, GFELEEN, HAEHE KA TE N ERAEREL L2 5REZFHREMEM
14 7R | FEABREREREERANNELRERKA, B RSB AN (1) RAZEH
&'E’Jﬁﬁ&ﬁ(?— G ge, AR FREESNENEN; Q) BERANTEZMACHE AT, £REEAETF
LR GRIFOTATHE; 3) BALLMAEZ EF 4 b BB 5K Mmmet 7.

Kigia AREFHE, BH5F, KZLHF, KEZe, ARE

1 5|F ‘i 1 B ] 2 A I B B R . i, B RE
AU HIAT 5 T B0 AT RS ) R YR 20 SR L L e R R

BESET AT HCF AR AR R AT T2 R REUR, RS RO A IR % R
ZRMPRE N, TZ R T AW BREHEE. W EhA R B 2 RIS T R R HEAT $0% B 2k
TH%. At 54w megug MEMSREN R R, EROHXKENS. WS LS R,
Mo, RZSASEEE ., EANBHAE 5w a8 BRIBEIEEIGES THR. &k, B e 5

SImtE: PRl i, B3R, 5 AT RE S HRI0IE B B AR S SR T ik, FPERE: SoRBHE, 2026, 56: 2364-2379
Chen M, Qiu T H, Ma H, et al. An interactive modeling and solving method for operations research based on large language models (in Chinese). Sci Sin
Tech, 2026, 56: 2364-2379, doi: 10.1360/SST-2025-0313

© 2026 { PEIRIE) F#EA www.scichina.com


techcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SST-2025-0313&domain=pdf&date_stamp=2026-08-19
https://doi.org/10.1360/SST-2025-0313
www.scichina.com
https://doi.org/10.1360/SST-2025-0313

hERE: AR 2026 FF ES6 % H 10

LRI IR BE BT, B SRR ) T S B SRR n, g
ATEAT BRI I) P 3095 o ey Lk, (g dmbivk
S B i ) 8 M A R, X DRI 2 28 Sk s 4
F AN E PRI SE IR SRR Bk Ah, MR AL i 3 S H0k
EHHMMTEE—EMHEAMS, (15285 /ERE N
S S P A7 AR 2 e 1 TR,

KiE S A (large language models, LLM)/& FA
B EE TS E ML, SEFEERTIg
HRL, LLMAEWS AL B MR 3 ARE S 155, L4
K, BEETFHMAEEMERE . FRAT I EEARMA T HdE
T, LLMEUS 7 RBPEdE . R 512 H OpenAl
#EH ChatGPTJ5E, LLMXF&AT ML AR R 1 R 1 42
#BS HAf, Google. OpenAl. Meta. Fi/E. N,
AR TS A =] AR TS #AE AR BRI 8 K &
E;JAU,S].

Xz & M E NS, LLMULHKBERES
. FP o B RIE TR RE 1, NIz
BRI . SRABEAR . AHLAE BAS 45 ) 4
B ER B, B5E, LLMBEW BT SCAR A Ay
i FE S M Uk, T R AN sE M 3))
ATEE . HIR, 1% AR — TTIA R, AR SRR
WG 2 A& ELLMIIIZiEkd. Fik, —
JiTH, ANZEETLACALLM )y T B AR ) (E Hhig R is 5 2
R S —J7 T, LLMEEA B Bz B =i )
.

AT R TLLM 518 % 7 @l & 108 2200 AP
;K—t[9]_

(1) LLMAENBERER. BRHT 78 H ik
LLM 7 24 5 R R AT, Biltn, fEd e Rk i
TAMEAIERE . 38 X EAE RN SCER1318F T
T LLMAEA PRGOS FE i B R 4R 7R 5 2 FEVEIR &R
)R SCHR[1410 A ot 2 e 5 AL v =7 T
ARGV T AR E. T2 BAniib i@, Sk
(151K Sk ) Ry il N 2 AT IR R, JFE F 2 LLM P
ISR A, SCHR[16]3E — Al 1 7 Sl L b LLM#F 4t
77 A TR R ) 2 AR I T SR

(2) LLMPENRAGSE LA s, X 80 5 R A
LLMM H 2R 15 5 A B 3248 B B8 5 3R AR
. an, SCER[1 715 7 — MR FHLLMAR §E SCA ik
XoF 22 A R A T 5 S e A K] i R AT A A
Jiik, R LAGurobi M ARZR KR Al 25 1EAT 1) oK A,

FEEIANRENS . By 2. Bk BaEE%
BORIRTFLLM 68 70, SCHR[ 18142 th & X
(chain-of-experts)"HESE, JHit ZLLMA EMESLILE
JRIE % a4 B A AR S . BRIt R,
LLMAMY A HARE T S R IR, ek
TR EA R R L. SCER[19]1#R 3T T LLM
ERES A RE 6D, 8 R BN 7 o
PO ARk $F;  SCHR[20,2 1R FHLLMAR S 15 K i A
55 R £ it Ja R R AR T JE R U T

IEAh, AN RS Z NIRRT LLMIERAAE
S E B SRR . B, SCER[22]9% A FHLLM
AT AR R S S EORI, SCER[23,24]@ 0 &
RS RE R SLLMAE B R =00, Ll E
M SCHRI25TMTFIR 1 0] Tt 5Pl R T
LLM i A 2U0F3d B M 22 R 4% () Py thon .

RECHWRIER TLLMSis B4 618 1),
BAAFAE B2 RIRYE: (1) Z2HOTEDOCRE T R
PREBEFAT, = R B, (2) LLMAEJIM)
S T B SER 1 TR S 2, e tEA R
(3) RHFAHELEAIALLMOA B E R F 4k, sh= AK
L GRS T i 2 24 R

BEXE BRI R, AR SCHE AR T ORIE S IE %
et sg BRI S R 78, I e - KiE
R-IE BN RS AR, AELLMARYE A E
(R SRR AN 2 £ 5K fiff iz 28 0] R V) A v AR E AT iE 1], B
AR EEN ., SAER, KRG ZaHr. sk,
FESRTFLLMEAE /)7 1H, ASC—J7 R | 2 LLMP [
MELZR, JFEFHUNFEME T TIEE . BB LikkE =
NSRRI RAR, AR REBLLMZI5E . A fee 25
R A7, ARSCIRER 1 E B R R 7 AR 4
AT EARE I LLMBEATAS TR I 7738, AT K
K & BN TS T I8 B BKE S
B,

ISR I3 TR R, A SC AN SR IR
T LRSS AT G BT AL B2 I 7 e A
RSP AR, BT AR IR 2 22 A ) B R FE
IR, J5EARMTETF PRSI, S
SRR, ACTIRTER: (1) RIS EFIERITE
R SRIITERE, TG 2R TR AR 55 15E N fe 7
(2) FARANA BRI EAR TR, A& NI
AR G775, (3) #ITLLMAEIZ %5

2365



MR BT K05 5 R I0I2 2 D0 5 T 3O 5 R Al ik

AR A B A S SR AR I RE .

2 AR ST A

2.1 BTG AR G 4 il

TR TE AL i) B2 U5 o O AT 55w AR A SRS ) 5 5
Sy ECARAL o) R, FAZ O AE T U0 7E A PR B IR 264 T, S
BT Z A BT AN S AL B 5 44

RAFAER N R KT AL E AR, A B RA LT
J 1

(1) BERANZE: BEEANMHE—FRH, N
OFFah 4L,

(2) BRIANEA: B BANRIEE, A FE
LEB BT AN EENL. K e # ) =5
B

(3) BUMFREE: FoRHE I AN 22 42t i
B RETE, R T Az R K AL
W2

BB mPE R B (B an, BT, i RS
BUE M ek £ 55), B —RBEAA W N EH:

(1) BRG] A FBEZRN I ME—% S, MOTT
ST

(2) TEMTEH: $RiZSETIERENS N ) RE KA
BURRIEE S, i, S8 fE HYa B e[ he EZ AL,
“PRBLTC AN I, HIGEAE A TR B e 3 B i,

(3) AT A 2RI PEAA R, RSl AT
VA () BE R RS

4) LAY KR — AR TR BT R
) e = Y FEER A U 2k

BEAh, S SRR € R, B, PR
BEUE N B KT AN RIS I A B, 2 2 B
[F AR T 1R — BRI AL, B e D 2 A 2
R p RN A

p;=1-[l0-By™, !
St x, R VERS I RN SR, 1208
PR H b 7E BV 32 BR 2% A T B KA B A sl 7 ik
RORIE /MU BRI, H H AR E0N

m—1 n—1

n—1
maxZ = ZO(PJ )= 2 (2 x)ve )
=

i=0 j=0

2366

Horh, o 8RB WAL IR, v 2o B 5
REARHT. BEAR, %I BUEAFAE P A LI R 2% A

n—

1
DX <qpVi=0,1,...,m—1, (3)
=0
X, ENVi=0,1,.,m—1,j=0,1,..,n—1, 4)

Horp, g BRI AT IR, AU BRHIEE 2R B 2
We K AR L AT LR () o e O AR S R S

2.2 fREBGE AR

IR $adh B AT IR 0] R AR A AR A b e HAR
RANEMMESS 2 —, H BRI AV U7 ) 2 A4
it R R A ik, PAs/IME AT SR B Bl e &
WHHE, BT A& 0040+ 328 finondeterministic polyno-
mial (NP)E ] @,

BB TE NHUAE — IRBEIEAT 55 75 Ui 18] n ME S5 1,
TAMES S HA LT B

(1) A5 RZ 5] AR5 AUIME— S5, NOTFIRTTHEL,

(2) M FTREM: FoRMERA, WNAERIE.
2y ih . 8K, ML, H T BTS2 R

(3) HUBHAADR: IR ST A &

TEFFAS TR, S RATHRE T, BAVEES
RSES R A R ATER B AT R RN
dy= | ri=x)*+ 0~y 5)
o, (v, ) FRAE S L BARER. & SR HAL RS,
HENWUE I e B —MES 5 N1, 6, =1,
A0, ik, ZIE A H R AT AR R N

n—1n-1
minZ= ) Y dd; (6)
120720

W ED /M TE A WLAE 58 A AT 55 J86 3 (5 1) i 4
%% RUFIR (B SO RS KATER B9, 2 R A I N2
HFAT

n—1

Y oy=1Yje{o1,...,n—1}, (7)
i=0,i#j

n—1

Y o=1vie{o,,...n—1}, (8)
=0,

w—u+nd;<n—1Yije {01, .n—1}i#j, (9
5;€ {01}, (10)



hERE: AR 2026 FF ES6 % H 10

Hrp, u R RS SAE ViR A R AL B 7. ()
5 (@) iR REAME S5 SR U # U l— ik (9 IR L
W, TP b AN B 9535, R 0) e B2k
AR N AR

2.3 hREEERALE R

ARSI R TE AL i 58 902 B i) A5 I
BB B AR R B AR T I B P I BRI S
PEAZ IR P RAZ O il J. 3 38 ] G — e Uk b
#E (132 2 LA

minor maxf (x), (11)
gx)<b,vViel, (12)
hix)=c;VjeJ, (13)
xeX, (14)

Horr, xR E, oo M B bR, g (x)5h,(x)
RGN GE XA, b5, NEBI, 1574
ARESR, XNATE. —KiiE, BB EETE
FIATHR N TR0 AL R SR B AR, DMK
B R AN B bR B

3 jBEALSA B

MBI A ST R R, 8 2 R A B
9 ST Sk SRR R A IR A AE 95347 R
fif. Forh, SRAL SR SRR IR AT A A il R
SADRARELIE; 53058 Fh S A/ HLASE 0 L 6
SRIFELE.

3.0 EBARE

BB H VA (genetic algorithm, GA)Z—Fh3ET HIA
IEFEABAE LS 2 R T, Hoizo BAR
L X G R EERAE, FEMR7S 8] B8 i
DA, ASSCASE FH g A% 200 2 Te AL il B3 5 43 ic
S B0k B AT AR 7] REUIEAT KA.

SV E S BELAE B A NSRRI 4G
B, BAMERER PR TR %
A FR)E S FE B f () B B bR eR BB e . i e A
WL BEHLHE R R MES 5 S, MRk S ik

S(@) ,
>0

Bk AN AR DL — 0 MR PR AT 28 AR, R
BEATL I B R B AC e, AR ORI I R — 4K
HARRAA, T EIECRE SCREER. [, AL
DIKEZRP R AEAR SR, DA IR R N R iR . IR e
R 2 REE SR e, SRR R —
S8 B RS DEANR (G B BE e ), BRI N —AR
MAS 5 X 54 58E. EAMRH, BEHES
Bk EWT:

(1) FPEERLEL: 100;

(2) o RIEARAEL: 200,

(3) ZEXMEE: 0.8;

(4) A 0.1,

(5) KSR B AMAHL: 15.

p(i) = (15)

3.2 ek

I S TSR — PR RS B R R R, W AT
fR B B A A R R R LR A AR R R
22 B AR Get ) o3 5 W R0 30), R AR FERR eR oo
ANTAT BARR X AT BT R GE F),  LAU /> A 2 A
AW R ik, IR ATER R R 4
JRER AR, A SN 53 3 T L T /N ) R RS
TSR AR AT, BT 12 00 T NP e) i, 4 4F 5% R 3
BRI, R R R ARHON K, 308 LR
THEA B 2 ZUR] BT

3.3 BPLR k%

PR K 322 — A T B KRR A R R AL
S, Hozot BAER W BP0 A ORI, T AR Al
AT ARG A MR B2, T R
M ALAR, BRI A R

FERF— AP o, SRR 1 A R BB 2,
FFAR Y LT 45 52 1 U R 5 2 75 ST

p=min(l,e 7 ), (16)

Hrb, Oy SATRESHL, BAUEREE P IR, Z2 0
T BRI, MR, DR pies2iZ i, i
FEYTI SR VFBORBEEN, 15 1 T 18 AR SCR R
IBIGEAE IR R . RS EOE T

2367



MR BT K05 5 R I0I2 2 D0 5 T 3O 5 R Al ik

(1) WIHEHRE: 1000;
(2) PEELE 2R 0.995;
(3) FILIRE: 1 x 1078

4 ETRESHURIEERAR TS
RAFTT %

AT T — MR TORIE SR B B
@B GRETT %, HARIERME IR, Bhst
i R Gs B R R = RA R 7
DEIRZ KIE S BAMERES, @ISR 5%
Gis B AT E, A MARER A S KB
BRI IR, =N M e R N - KT S
M-IE B MACHIE S H AR

LB AR BLIE MBI, A e A% SR ISR AR A W] LA
R RIEN

P/*=R-M-C-S(P}sf.g.h.X), (17)
Ho, pEREACHEEIIOEE, R M. C. S

APEETRS ARR. ZX L R RER T X
BB SIS, L TT AN

pr= rlnealeit”"”. (18)

KA F A 1ia B P A TR AR 5 SR AR T
ENWRR A RO P S ZRE, HmEtTER
HIZEZR A 22 S (18) KAk, P

[ = LLM (T, Instruct), (19)
r=WX.f,ghRM,C,S), (20)
f:(j(\,]\,g,il\,ﬁ,ﬁ,é\,g\), (21)

B fstrer BN H AR S 6035 00 A4 R ) R TR 2 7
¥,

4.1 FORWAEBRIIITE

AN FEENBARANTF Instret 715, 1R
NN NI KGR 518 8 25 EE S R
BN, Bl Ak

B, MAEEIR R TR E RS TR H B 45
XSG L. S0E BaEREEIENZ OB,
TEIZ AR N F R AR Y], S80S BN R SRR O
B ATR BRE L DR RE. X a5 BnT 3
B R85 B8 78 75 PR R ISR AE AL, AT 5 By
LLM 5 4 b B (2 455 5 SR fidd o 7.

TR (EH) R (EH) KR (HheL) FE (547
| 038 (32
e 5 F15 EEod FhE gF S Vel
i THTRT i REX % I = |
N T e 1"""""}
% R

e [ rm |[ x| el 55 |[ rm || i
& wE Lot 4 A = ®5 '

A% | B | BE | [«
E | AR

NE =20 IR, fmEF

Bl - A <

B 1 (MO )T R 5 B IE B 0SS B U B 5 R 77 i =

Figure 1 (Color online) Framework diagram of interactive modeling and solving method for operations research based on LLM.
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Table 1 Accuracy, efficiency gain, and benefit gain of variable reconstruction under different scales

FHAE NS (m=5,n=5) U (m =10, n = 50) KHE (m =20, n =200)
b R SR EE IR HERf R HIEE R IERIg AR HEFE R EE IR
i (%) (%) (%) (%) (%) (%) (%) (%) (%)
[ 100 19.71 3.90 100 22.30 679.7 100 21.61 602.1
i 100 25.51 491 100 17.55 127.8 100 26.95 324.8
100 14.15 0.18 100 21.63 502.4 100 23.81 467.6
P 100 19.79 3.00 100 20.49 436.7 100 24.12 464.8
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import pickle

0.0 import sys 0.0

4 %—Egﬁ% def adjust_parameters(input_path, output_path): %xﬁ%
" with open(input_path, 'rb’) as file: 4
%XSﬁEﬁIR parameters = pickle.load(file) %—&5 i': E.Inﬁ. R

m 3 |_f;1' t:rg_etE ;n;m:te;[':ar;ﬂ;]:_ T m' 3
% | if target['target_name'] == 'target5': | %
& 2 A LS I 8 2
@ with open(output_path, 'wb') as file: @

1 pickle.dump(parameters, file) 1

if _name_ =="_ main_ ":
0 input_file_path = sys.argv[1] 0 0 i 2 3 a4 3 7 8 o

output_file_path = sys.argv[2]
adjust_parameters(input_file_path, output file path)

01 2 3 4756 7 8 9

6
R F IR

Bl 3 (M2 ROR B4 B R IE A LS BB s URR a8, 1 DI S Ak B T 2 i) U7 S8 %) EE

Figure 3 (Color online) Comparison of plans before and after restructuring for the instruction “Illegal drone No.5 suspected of carrying sensitive

payload, prioritize countermeasure”.
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T import pickle :
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ﬁ?ﬁgﬁ% def adjust_parameters(input_path, output_path): ﬁi}ﬁéﬁ%’
S N with open(input_path, 'rb’) as file: S R
RN TSR e e e RN AR
” Tfor weapon in parameters['weapons']: | “
i} i if weapon['weapon_name'] — 'weapon4':| 0.
£ s OADALgEARUT] =L ! &
E i with open(output_path, 'wb') as file:
@ ) pickle.dump(parameters, file) E”
. if _name =" _main_": =
os ni;pm_ﬁi _path: sys.a;'gv[l] 0
output_file_path = sys.argv([2]
adjust_parameters(input_file_path, output_file path) w0
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Figure 4 (Color online) Comparison of plans before and after restructuring for the instruction “Reserve part of resource No.4 for subsequent

missions, avoid fully allocating it to the current operation”.
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Table 2 Impact of different initial solutions on plan benefits under
various scales

Tk NI (%) I (%) KB (%)
&% 100 100 100
LizgiN 110 95 105
Tl 145 623 954

F 3 AFEVIIEMT, AR S 707 RIS R0
Table 3 Impact of different genetic operators on plan benefits under
various initial solutions

Tk xR (%) BEHL (%) B> (%)
5 100 100 100
v 0 71 113
S 0 65.75 93
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Figure 5 (Color online) Diagram of result analysis generated by LLM based on human instructions.
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AEES: “WRITHRIBES”

def filter_medical_delivery_points(file_path, output_file):
with open(file_path, 'rb') as file:
data = pickle.load(file)
I™ filtered_data = [point for point in data if |
. 'medical_delivery'in point['task_typel] _ ,
with open(output_file, 'wb') as output:
pickle.dump(filtered_data, output)

if _name__=="__main__":
input_file_path = sys.argv[1]
output_file_path = sys.argv[2]
filter_medical_delivery_points(input_file_path,
output_file_path)

import sys

import pickle
import sys import math

------ RSl e e e e e e e R e S e
import pickle |def calculate_distance(point1, point2):

| _return math.sqrt((point1['X'] - point2['X']) ** 2 + (point1['Y'] - point2['Y']) ** 2)!
def main():

if _name__=='__main__"

AKIEL: “WEREFRIREN=MMESKHETRE”

input_file_path = sys.argv[1]

output_file_path = sys.argv[2]

with open(input_file_path, 'rb') as file:
data = pickle.load(file)

if not data:
with open(output_file_path, 'wb') as file:

pickle.dump([], file)

return

reference_point = data[0]

distances = [(calculate_distance(reference_point, point), point)
for point in data[1:]]

b !

pickle.dump(closest_points, file)

main()

Bl 6 (M4 RoR B K 5 R AR A\ S 0 Bt EAT i 2

Figure 6 (Color online) Data filtering by LLM based on human instructions.
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The rapid development of the low-altitude economy has created an urgent demand for intelligent solutions to complex decision-
making problems such as low-altitude traffic management, UAV scheduling, and airspace security. As a complex system that
integrates spatial, temporal, and resource constraints, it has also gradually become an important practical domain for operations
research. Traditional operations optimization algorithms focus on structured problems, achieving optimal resource allocation and
decision-making through precise mathematical modeling and algorithmic solving. In contrast, large language models (LLMs), with
their remarkable capabilities in semantic understanding and text generation, offer a new paradigm for intelligent decision-making in
low-altitude scenarios. Existing studies have preliminarily explored the complementarity and integration between LLMs and
operations research; however, most remain confined to specific stages—such as employing LLMs as genetic operators or modeling
assistants—without establishing a unified framework that covers the entire modeling-solving pipeline. This paper proposes an LLM-
driven interactive framework for operations optimization, which constructs a human-LLM-operations optimization algorithm iterative
interaction loop. Within the closed loop, LLMs incorporate human knowledge and preferences across the full workflow, including
variable reconstruction, model reformulation, solution optimization, and result analysis. Experiments on representative optimization
problems in the low-altitude security and low-altitude economy domains—namely, anti-illegal flight resource allocation and low-
altitude delivery path planning—demonstrate that the proposed method effectively: (1) improves computational efficiency and
solution quality of conventional optimization algorithms while enhancing adaptability to open-ended tasks; (2) reduces the technical
barriers of human-machine collaborative optimization, generating feasible solutions aligned with human preferences and flexible
constraints; and (3) strengthens the capability of LLMs to assist in modeling and solving within the operations research domain.

large language models, operations research, low-altitude economy, low-altitude security, human-computer interaction
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