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Empowering Teaching with ChatGPT . A Bibliometric Analysis from
Multidisciplinary Perspectives

XIE Yuan—Han' ZHAO Jin—Hui' HUANG Shan' WANG Tao'"

Abstract This study reveals the application of ChatGPT in education across five domains; arts and humanities
life sciences and biomedicine, physical sciences, social sciences, and technology. The research finds that
ChatGPT demonstrates significant advantages in personalized learning, automatic assessment, and collaborative
learning, effectively improving learning efficiency, enhancing learning motivation, and cultivating certain
higher—order thinking skills. Key factors influencing ChatGPT’ s teaching effectiveness include students’ technology
acceptance, teachers’ Al literacy, and subject characteristics. However, existing studies cannot fully address the
differences in its effectiveness across various disciplines and learning tasks. Research on ChatGPT’ s educational
applications is relatively insufficient in certain important fields.

Key words ChatGPT, educational applications, systematic literature review, personalized learning, teaching

effectiveness, interdisciplinary applications

T, A SR SO P R B ST B0
0 518 FRER R TSR T B
W, 4045 OChatGPT 16 H BN . 4 &

[ ChatGPT WIHELLR, @RI 22k Ak SR A S0 A 7 T B9

1. [ PR R R G TR B

1. College of Systems Engineering, National University of Defense Technology



-2 - EREEABRUSARERASRNE

Pets; @ChatGPT B FHH A HRER, %
AR 2E AR AR ], A8 B R B RA XL
B, DA P B v g R e P T A4
TIEAEZ ;. BT B BUF AN
Pe. wE N B | R HE O Rk KR
L A4 AL 2 3% 55 7 T BURTR R
FAHE AR RN, RERE L
AT I B4 57 3 RV A PR 18 G2 ) X R
HA R SRR R AR

AR AEIE LT 298 A I SCHik AY 4 rT
BIERA T, M EZ2ERH IR T KA R %
AV AT AR GO, A SCH H 5 %
. OChatGPT FEAR R E e R i
I R RS2 ;- @ ChatGPT 3R 50 1 8187 2
ST RS, BChatGPT U E
AR L,

1 MR

ChatGPT 7EZLE By . FH E L — A~
PR R RS WL AE S B
SEH R E ST Y R AL T
BAZB T 2R A, i m R4
{2 | TERLHETEAL | A PEAesE S Sk A
BAMEZGEZA i

ChatGPT 708 $iak it b FH 1E AE HE S A
BBV, I MEAR2E S | R EA,
IESUERA | Ry e e 5 P

TEAEAL2: 2 D, Kl 5 AR
WL M E A 2E AT R, A
S e i 2 2T B AR, BRSO R,
FET ChatGPT WHHHL 7 )16 7% (Chat-
GPT-FLGA) WM 72 EnyiRef H 3R
M. BIRAUBEREL, IR, WTESPLAIEY]
EPEELE, XA AR T RIS A~
A8, Wil T BRI ZEEAOR

FEREAHAR R SO T, SCiEk [11] 48
i, ChatGPT B A i LU N R T T4

TSR BB, TEITA A R ARl F2 i)
SEOMR R 2, JFRERLE A SE AT 55
AR R 45 T I BB A TR S Bt

WeAh, R H AT Ol I d %
HHEEEAEN, SCk [12] &Y, 7£ STEM
(Science, Technology, Engineering, Math-
ematics) ZUMFE YRR, FEF ChatGPT
AP 2 ) BB B 1 OIS AR A o7 ) 5%
B, JEREAR TN,

A ChatGPT 7E20 7 R B F R
3, ABHE AR BR 0 o B e ) AT K A
fE, 3CHK [13] 48, ChatGPT Az LAY N
FAFAEAR BH P AV S P A 0 g R) R, 3]
AES 5 AR L, FE A8 BRI AR
fRJ7H, ChatGPT BRIHIGIR T 124,
SCHR [ 14 ] 5 T TA) 4 7] ) i AR F 53 B g AR
FHA 2 ARAVE ATy, KRB HT AT BB
BRESEBR LB (23% ) e T B Y
450 (8%), #7851 ChatGPT A] fgaly R iy
SEARAE B, BEFE [15] X 142 {4 4%
AWM 2 ARWAR BOR AT b, KB
A 23% AR 1 32 S N T e iR 56
PR, R T BE BORLENIXT AL AR Ak
A8 7 T ) I

2 WHREBdR STk

ARAFFER R G R SRR 7 i, g
Web of Science ¥4 J# 247 SCHR G 2 Al 7>
B, BEHE Web of Science #1058 AE N 3C
kol Wi, L ¢ chatgpt ™ A K &K iE, TE
“Topic” FEIMHATIER, I 0 FIFR &
T “Education Educational Research” 251,
PAFRDT ChatGPT 1520 7 20 Al i) i i 2R
RIS, St EaR R R, ik
% 300 i SCHR, KR Z N IR 2024 4 6 H
30 H, fEBREITE (15) A{EZE (1
f), AT 298 AR SCHR



ChatGPT AR BHF N A

. ZERA TR ED T -3

3 b TESE - rPr

AT KT Web of Science f432%
T, SRR 73 IR S, Early
Access, BRI, HMIFIE, LRI MESC
AR, ARSI, ACEFT
SR . HAER AR TR
B R L S ITRALR e S
ik, k., EHE BT 5IEEE. TR
PR A TR, Bl 585 HF L

oy, T ER A, AR SCRRE T
ZAN, mE 1, &1 PR,
x1 WRMESEIT S

W o i b
LERL e 227 76. 17%

Early Access 100 33.56%
2R 48 16. 11%
PEITIE 13 4.36%

SN 10 3.36%
it 298

SRS S iariEas e

WX 298 e SCHERIbRET, SR 4%
BHATRI T, TE vosviewer H1FE] 14 4~
R, ChatGPT TEHH G AT 5T 2 PLH R
MR . BALFIR AR . DB RI4E ok
A, WS DRI AR Z R
ARJEAI R 0 ST, WIS [k E
R ELIERL T RERILAPLEF , FR e
MEZ AT B E RN, A58 Rt A —
B R 2 T R ZE TG . B0
o, 2EAE DA A T

4 ChatGPT 1E TLRWF5E SIS
BE BN

Web of Science [1) 3= 45 43 JSAK 22 1E

2024 AEALEE AR 2ER 2], 2R 5 A
X, EfRlE SRR Mg 4R
. BOR, RS 54 BT ChatGPT 7E
KA 5T IR T B

4.1 ChatGPT EZAREAXHEH
A FH

BYEHE f& ChatGPT N i) Z 9 2
ARH G Z —, SCik [16] #23, fib
TR AT 3RS Her B B AR S8 B AE5 | 57
A FREIfR IR TT S, hi AN B SR AL A o Ty
o FHEXTRN AR, RN BT —
MFANTIW, X R, ChatGPT B 5| 57
A, R RGN AR B S A 5,



-4 - EREEABRUSARERASRNE
SRR AR M — DGR, 3Gk XL B e A E 2 5 A PR
[17] T T HAE PP 4375 (Specifications  ATREA B T4 IR A S 5 E/ELR, H
Grading) 5 Al GAE T RESGMBITL, WA PHTTEIRRIE, W2 P,
R2 ChatGPT EEZAREAXHEHI N

R 5 BT ST, SR
- Genal iy % | Ok [16] BRGET ChaGPT R Bing |y o oo 0 i S 91 T
RSB E A Image Creator TE EFL %4 Z 25 Power- RS
= Point 2 H (1 Frbs e
. Sk [18] $ T —AHERE, FB) . .
= BE A % A 1t ) 4 R H
sk | DRI i B g kg | D AR RIS,
f s R MR
Al s o | CCHR D190 BRRT ChaGPT—a fE 8 | SCURLLLE # ARSI o ¢
R | o PR R R, AP EOE R | B, SR I T AR B R
N FORICEE A (2 5] BARAT R le | JREHITE
— T/ LLMs BEf8L | Sclik [20] 60 ChatGPT HEATIRAE | LLMs AEMS R D ifi 48 I 555 0 (A 06 i 7
EEE | geem PRI 92 36 L A B3R DK 7t

SCHR [21] FFEMEET ChatGPT 2L
SEWIRALAR N, A B A A X s T
BRI, At m T2 RS 5
SRR, ik [22] B EvaluMate 3 4t )
TR R T, B A A
N A O SRR B, X R &R
WY, BEXT HARZCE TR R AN Bk i,
R AE ChatGPT HUFRLAE N A

TES AR BT S8, ChatGPT ¥ H T
PRz B S A P 2% 2D R 561 Scik
[19] T anfal £ B ChatGPT -4 A= il A4
PEALZCE AR, VR4 AR (24 ) B AR A

Rbf, SR NN, A ChatGPT-4 5L
WA FER SR RO T R B 4, R
W A RO B A AL SRR I, (H R
PE 2R T4 ChatGPT—4 4 R 55 35 R
RN TR, X—KMEMH, ALEAR
AT LA %50 38 58 AR O I S AR R
PR F TR

FEEFEYT 2w, SCEk [20] f#
JH ChatGPT #4718 72 PRI 455 552 56 F1 3 825 R
MR, &P LLMs 0% 3k F 4f BE A e 18 1
PREE, I AR A1 i A oo H: 2 5 e
m 3 i,

#3 ChatGPT EAGHRFEELEYMEHLFTHEA

R 5 RFITE

BN HOR

P el R Zm ChatGPT FE il 1% 31l

SRR [24] il T ET

ChatGPT B35 B, FF R4

WA T PR O Y 58 1 2

AHH

Tlb kR | B (ChatGPT-TM) - TRt AR EREA A 50
=]
SR [25] BRI TESART |
AT IET ChatGPT 195 | BEEE (WCV) T4 5 ol o VE%ﬁ%TEWTf@EWﬁiﬁ
SR ST, AR AT | T R AL A

DIRIESS eSS




ChatGPT AHEHFHINA: ZFRUA THXEKITEN T 5.

o 5 s Py ROR.
3Ciik [6] JF A #Y SRLbot Al LA g e R G Bl A e
BE | ARSI | N, ey | e R RSEREL A
R S 5 REERIE S EHL
I
oy | COTBAECERR | S0k [26] SGATREAL, AR | OUET LD 693 ) (g,
IR AT s PERE . TARD I E S R T R
JURMIE B ik [27] LT ChatGPT %f i ChatGPT B 7 4H 7 24 AR Ifa PR 1
&%;w AL B2 PN LG I e L | %3] (Mini—CEX) 4M80 1 5485
He RHIC ST A G R BT TR | 7 A 308 A PR 5 T
. . Sk [28] #FFET ChatGPT 7£ e .
ﬁq:—l- ~L AI P - HIE" M ‘%%#Eﬂ ,—A}Ab
fif) Eh# A e B WETHENSSENA £ 68
gz | Ay | o [29) B Ch P IR | e o g
o v ARSI SR |
B TR A '

4.2 ChatGPT EESmRFEELEYWE
BN A

ChatGPT 7EAE b2 S AR AR E
RN R R T 2O, IR R
B OATE | 2G2S RS, WS
HeEE Tk ok T2k

1AL T A HFSIR, ChaGPT 7215
S ) W T R T B, ek
[24] $IT =L H#R TREISE (WCV)
FTIE 56222 2 I s BIE, R,
X 7 R A0 7 e ISF T A v s ] A o R
G s F D Yo, e NN ESIL
IS E 37N

7e )L B I PR B2 B B I 7w, Sk
[27] W8T ChatGPT i B #5% 516 88 #
SRR, 45 R EoR, A ChatGPT
PIREAE R ARG R IPAE 252 (Mini-CEX)
AR AR R, SRR R AR SR VA R I
IRANW 7 (p<0.05)

P AE 7w, SCHk [30] K

ChatGPT R&u%& & 3| 4 B A fg B 38 & it
AR, SRR FHHESE R T, HE T
ANBER AR A AT XS L SE G, 25 2R
FW, i ChatGPT 2 45 i) S2 56 2H 7 41k )
PEEZERE S | I R DL RE A2 2T SRR Ty
T

T2 2 F )7, ChatGPT 7EE ¥t B
W AT E Ty R T, Sk
[31] & ¥, SRLbot i EIE T F 4 Ek
SHR L TS 5 S, 75
3 s, 74 44 h2g R dF SRLbot i
1122, SR BRI A e R E AR 1T
JZ: 5 FE R AL T ER 5 L T X AL,
X — KR 2R TR H R 2 2T 4R
HET R T BT

4.3 ChatGPT HIEZHERNH

ChatGPT 7EFR= I H A i H £ 2
EPIEYEL AL F B SERD AR, BAR
FHINFR 4 Fron, LR S IS N
TG T7 R TR T BETE AR



-6 - HEEEABRBEEARERASEXE
*® 4 ChatGPT EIEFEH BN A
7 FE 3 O Syt O
o Lo | 321 % (2023) BREET | R ChaGPT 7 % R 77 E
2§§ﬁ M;E@TWﬁﬁ (EBY R T A ) ChatGPT fE 0 | BRAEBHE, 1k % Be% A £ 1F I 42
M B T EL e i 4y 0 ) BEIE AR RS
fepasan | T IIE | S (3] Ry | GOLA W TR P R
PR (oo - SERRAR R GCLA F7ik T T e A R R R
AL F) ) A ol = A Nature fff 7% 2 W A i =X K A0 i MMUBEA AR, W LSS BB
e SRR ORI IR SRR 3 | ST R R A
wtizaey | s s | S0 HET OB B Gy gepiit parons i st
BN | A %;‘ oo Parsons BUE LI s, (96, 7% i)
; . A SCHK [36] %4 5 ChatGPT 9 .
R34 2 SIE B 52 R A
(G0 =] AL SIS IR 72 BB S e P Bl 5E R AR B IE

TEVER: | A PS54k, ChatGPT #%)
LT 2% R | SR B SRR
PR IPAY , SCiik [35] &L, GPT-4V
W ff U 96. 7% AL BE Parsons [A] 81, it #
FESGEE A Bard [ 69. 2% , X —AAY
SRR, SRS AL BCRIAE AL B B o
(A ) Ry T LA S 3,
B A [ L e R i WAk 2T FRRE TR
ATHEME, Lee 25 (2024) 7EH W RFHk
SEILRb IR AR N T EE T S 1Y ChatGPT
Wibh2] (GCLA) Ik, WIRER TR,
GCLA BE & T#A M AR 2%
T B LR R AR R R

TEECF 2 E J7 M, Nature BF57 F W A=
AR ITE F A (4N ChatGPT) A LA
fifp 2 B Y T A A R, i
SERIARUNALBE 4R I 58, ISR P fik i i 1
BT RMREAE IR ) R
ik [36] W5 T # 4 ChatGPT AR
Gy IS E, RE R AR O X R
A SRS R S S T N O
Toulmin FLAY 1 Habermas 19 B4 44 25 23 #r
T R4S ChatGPT Z 8] (S IE 72, 45
WKW, ChatGPT 7EIELLYE | AL

W& E CAIAIS BRI 5T e A
PRERAE T A HESCHE

SRIMT, IXUERF R /R T — 28 Ry R
FPksL . B0, ChatGPT 78 &b FRFE B A
P58 R (0 4T 55 15 1] RE A A2 IRE, L VT fig
SR WA RS, BeAh, TEEE
HEFRAYHL L )7, ChatGPT A 1] i 1] BEAF
FEIRIRR, T2 NI R W B RT3,

4.4 ChatGPT EHESRZHBETHW
hy FR

ChatGPT e+t 2 Bl 22 2 F H h (1 N
MW THEIR, Ol FLAF .
PSS TAESZ NG, 3k S Ui,

HEMR T, CEk [12] AR T
ChatGPT ¢ (¥ UMME 2] 7 STEM 2L Ui 35
Yy g . B 58 R L E SC s i i,
36 AR ZAFHBIEA ST T I 8 H K
WHoE, @R B, i1 ChatGPT (5
A AR 2 2] F RN A far 7 TR AL 5
SCiHk (9] R T ChatGPT 75 B 48 A BA 2%
i, PR 5o 344 A5
WG R IR, AL (] ff et o 2 2 = T iR
TR, T AT [ 3P A R R R T



ChatGPT AHEHFHINA: ZFRUA THXEKITEN T -7 -

#5 ChatGPT EHESRZHEWNA

N PEa S T
HEHE ChatGPT % Bl 43 Sk [37] {4 ChatGPT 43472 ChatGPT 7E4F HTRARITAN 22 LI 1L
WESEG | B TP R BB 0 SO, FLAE A
AL AT R B S TR
L ALLAT Sk 7% ChatG S
EZEM AU BRI Mig;;;?”h“WEﬁ“m TR, AL 2 R B T
’ ’ AR A1 A0
MR | ChaGPT RN | R [38] W Chacpr igiby | CMOPT AT R TS 6 BRAL T
on | RS B P £ R 2
A
3wk [12] ST ChatGPT 3CHF N
STEM Ui , o . . ) ChatGPT () Jili 38 2 76 4 3 3%
g > 81 2 FE € B 4 ) )
o ALRRBYPMESES | BEME2E ST 76 STEM #0055 )1 i iy SR T eI
i
n LSk [391 R 5% ki e
AL 8185 4 ’ FIL O BT R, B
o | A ChatGPT #4701 G MR, Rl | i L 5
R R BRSSO S ans 8 S Bl
giam | AvEmsines | o [40) B0 OpenA OIS S e e i
wa | B DISRIR ok ARV AT | g g o 1 5) P
YT A ‘ ‘
s ik [41] ib2EA A ChatGPT . s 3 G 5
e | L, o0 s, i | 207 DRI,
- BT R - 5

PN A R U (TPV) . X — & B 3
i AT AnAR] 50 AT A Sh 285 A2 ) ik Rt T
B UL,

TEL B2 E 4, ChatGPT #% FH F
BRI ke 0, SCEk [42] BFSRT
ChatGPT X3 [E] 7 2% Bt iff 5% A 1t 40 1 8 4k
Brenyswm, MR HIREG ik, WX
107 %2 5%, 858 B/2R, £ Bloom 432&
MR b, A p 3 v B 2 e
SETEALIE N

TERDE SETFHE T, ChatGPT #H
THERR BN 2 ML Tl SCk [39]
WFFE T 27 A A8 ] ChatGPT #E47 6 25 XU 2 |
PR T Ml A% RN 4 5 R R i 2o AR L B
FEEHRFEY], ChatGPT R FRIL BN B &

R, PEEEARCE, JE SRR R Y
Bl Ty, SCHER [43] B9 T HARBE G o]
iE T S 2 A B LR R =l R B, S
KB, Hi AR A A R 2R A B A ST K
HOARMBBERAAR G, RARET
LRI,

ChatGPT A SRl 2B BRI T
EOK AW Jr, (H7E 3 se gk 2 Bl 2% 1 41
B (WA ki 2EaE) R AT
SRAANTH =

4.5 ChatGPT EFRARKBHIN A

ChatGPT 7EH: R EF 2 v H 3
BAEPEITENE Y (5 ER:, TR
B, W 6 iR,



- 8- EREEABRUSARERASRNE

*£ 6 ChatGPT EHALBRHNA

L QBT SR e
| e argey | O [T IRR TRV | g s
TEHE | B T SRR RN | o
Al ChatGPT (925 31 3 3l RESF LM, Pom JRWPES
A % T LR A K
AMBME | R TR |0 (4] TR et | TR A E IR O
AP | X TR AT R | f e T
Mk [ 46 ¢ | GPT4Hints —
GEmE | AmoEERE | o L4 TR T S| R T R R R
- . GPT3.5Val ¥R, {fi[] GPT-4 4 4% R
k BHR, GPT-3.5 RiEim it
B X R G B
A | ammR TR | ik (0] s - | TR REREREE
K R 5% ChatGPT Y RE GBI TR R 50 e
A B RE
ALFURBY TR | SCt (48] MO ALSREDAY Kanban | SUREE TR XHETEN Y
BRPE TR | 1 F SCHE M 2% ) | BB AT A T GPT=3.5 | W4 500 ARG 4 b A
X 1 GPT-4 APT $2 {1k i a8 HAME

eI BHL R M gn R HE
ChatGPT #%) 32 i H T H# APk 5 > 3¢
Fefn B shfb s, Scik [46] JF& T AIH
) GPT4Hints — GPT3.5Val ¥ A&, # /i
GPT-4 £ i gm e/, JEMiH GPT-3.5
USUEHR R i, S5 RN, O IR AE AR
A R R N O R B A, R R A
I 2 e i 48] B 49545 B RIME B2 ok 4
A TR T I, KRR T g R
NIRRT PR AR B, A RO T A
S AT A

TR TREE Y, ChaGPT #H T
o T BB RE MR BE 1, SOk
(48] B8 T i 2B WL AL Sk 7™ 4
StandUp i 2 #E 1, ¥ Bly 2 Az 45w e 2 1
BrtFA R, PR N 179 kS
16 DESH AR L, N
W, ZEREIR, ALB R RS H B
AR 2N 4 = T StandUp iz 4
R ZENGiN =

FENBLYME I 2 J7 1, ChatGPT

WA T, SCk [45] %30T anfef
FIFHAE it AT T HAE 7T A7 ) RN
W, AT ds h, AR E Y 0 4
N, AR E AR AT T H 2 [A] (38t
W, SEEAE R iR A

SR, 7E B2 1 e B ) 80 M ok 42 6 7
i, ChatGPT HYZCRATREAGIFI, BLAh,
el 2R AT PS5 [l s it 2 A= i 37 8
HRERRE I R, R ERA
5T Y [l R

5 4ifiE

5.1 ChatGPT £ BB FERN
A. #EXEzR54H

R4 ChatGPT TE45 2R E iy i
B i AR AR, H LR B X
FAE2E 5, X822 B R T 45 24 BL 0 il 4
FRPER B H R, TR AR5 AN SCasL,
ChatGPT F£ZF T & A & S0 4k At 37 41t



ChatGPT AR BHF N A

. ZERA TR ED T -9

FIERERE T, e ZHSEEME R
FHHAIRL T % AT 1 0 A A
SCALHE A ChatGPT 7E I 328 & £ 01 2 %
RASAL MBI DIRE, HERIMN S, fEEm
PRESAYEAGHE T, ChatGPT iYL H
FE0 T R4 AT RS W B, AR BR A
HEMAL T AR PNE A %
AU SRR M R 1S B i i B R B R
FEA, ChatGPT 7 I 78 X4 %0 I 28 Fl ke 5 52
ARG MG, HM¥EHE T, ChatGPT 1Y
Joj AR 2 T 22 1 g ) A N R 2 4 e
I, N E R L 2 IR AR v A S R
T2 AR 5 R A1 G M S ) B A AN A % ) R
fifr e, ChatGPT 7 1M 473 Vi K2 $1 5 U A1 ] 5t
fEMTER I AR, Ah Bl R W 2 1 A
FH ChatGPT A7 4 B MBS A 2, 4
TE 15 55 208 PEAR R R 50 11 BA 2 2T v i i
RN 2240 e T B A B R SCAS B
HRMFE M4, ChatGPT 78 I & 3% 503
T AR GRS T e, TEHOR #E 4
B, ChatGPT v FHASE 2 3= SR B AE 55 B2
FEm I H ) b, G ge R EE AR
TREEF R B Y A A
B RS AT PEARTE 5, ChatGPT £ BLHH AR
i Rl B A H A T A,

R LR ZES, &PV Chat-
GPT W 3L 25 T3k ang i fb 2
SRS fRHE B FE ) HESR k2 ShL
A XSV BT ChatGPT VN #EH T
SN AE, FEH ™ 8T 76 A [F 2= R
B IR LTI N T 6e 4 B Bk il
R A TR N B ik 3 S A X 22 S R 3
PE, X TH B ChatGPT 34 3 & 2R
HeF I B R L, AR 5 N
— AR Qi 3 T2 R PE AR AL ChatGPT
(RN FH 5, DA R AL LA 20 S Y
VINIER

5.2 ChatGPT # B M AR By sk

ChatGPT M= AU 1 R 2 2 £ 0T
) 2 W E R 3 32 JE VU R 3R K- |
M AL I GE 7 . AT 4 Bl i) Ui
A2 2 #R e SR ) [ 2 SRR

20 ChatGPT AN AR . EHRE S
V) s R 1 SR 4R Y 4513k, ChatGPT
PR AT BB AN A0 7 TR B2 RS el g
R e %, X— & Bk T 7 S
AL Bl B0 i 75 2L R 4 T A A PR R Y
P

ChatGPT 7EA [] 2 B} 4l i 20 B #°
HEE I 22 S RO T 4% R
RURMBEFET R 2R, e BRI CR
I, ChatGPT 7E4& i 2% > W% Y5~
S HLATRE 77 55286 5 [ B2 7 BE T R B
W7 R R AE K A T 55 RN 45 ) 4k 2
A5, ChatGPT BRI M €4, SR
T, PRV K e A a1 A0 52 2% 1 e T
(R4, HACR W AXT A R, X — & 8K
ALFBhBCE R AR T HE S %

2, ChatGPT £ E 3k 19 i HH A
R B — AR, FERE L =R
SR ATREME | IR AT 2 AR K
S RORME I | R AR AL IME
B, DAL AN K ChatGPT B3 47 1 4%
GRIMAGHEFURFR S, KRN EEF W
T 2E T 0 ok, XN T ZE R4
ME AR, TR EEHE e IR AL N
LR BB AR,

£ STk

1R, ML ChatGPT/ZE N TR RERHR T
HOMA TARAS R, ML PRERS N [1]. 4
RN K 222 4 (BUH B2 ), 2023,



- 10 - EREEABRUSARERASRNE

7 (41). 78 = 90. DOI. 10. 16382/j. cnki.
1000-5560. 2023. 07. 008.

2ZEEM, BAE, WP, AT RS AKN
B Sy LEBT ST . T8 MY B2 B XU AR
[T, B &F 5%, 2023 (10): 23-35.
DOI. 10. 14134/j. cnki. en33 - 1336/f. 2023.
10. 002.

3HEEY, MFLL AT AEXTH AR K M
R HHEBARA R 2 TR PR Y 52
HEBF 5T [J]. #CH 58, 2019, 2 (40):
113-123.

4 COWLING M, CRAWFORD J, ALLEN K, et al.
Using leadership to leverage ChatGPT and artificial
intelligence for undergraduate and postgraduate re-
search supervision [ J]. Australasian Journal of
Educational Technology, 2023, 39 (4). 89 -
103. DOI; 10. 14742/ajet. 8598.

5 JHO H, HA M. Towards Effective Argumentation:
Design and Implementation of a Generative Al-Based
Evaluation and Feedback System [ J]. Journal of
Baltic Sciene Education, 2024, 23 (2). 280 -
291. DOI. 10. 33225/jbse/24. 23. 280.

6 NG D, TAN C, LEUNG J. Empowering student
self — regulated learning and science education
through ChatGPT; A pioneering pilot study [J].
British Journal of Educational Technology, 2024.
DOI: 10. 1111/bjet. 13454.

7 HUI E. Incorporating Bloom’ s taxonomy into pro-

moting cognitive thinking mechanism in artificial

intelligence—supported learning environments [ J].

Interactive Learning Environments, 2024. DOI.

10. 1080/10494820. 2024. 2364237.

YILDIRIM - ERBASLI S, BULUT O. Innovating

Assessment with Conversational Agents: A Tech-

[e e}

nology— Enhanced Approach to Formative Assess-
ments [ C] //CHANG M, CHEN N, KUO R,
et al. University of Alberta. 2023. 331 - 335.
DOI: 10. 1109/ICALT58122. 2023. 00103.

9 DARBAN M. Navigating virtual teams in generative
Al-led learning: The moderation of team perceived
virtuality [J]. Education and Information Technol-
ogies, 2024. DOI. 10. 1007/s10639 - 024 -
12681-4.

10 LI H. Effects of a ChatGPT—based flipped learning

guiding approach on learners’ courseware project
performances and perceptions [ J]. Australasian
Journal of Educational Technology, 2023, 39
(5): 40-58. DOI: 10. 14742/ajet. 8923.

11 DAI W, LIN J, JIN H, et al. Can Large
Language Models Provide Feedback to Students? A
Case Study on ChatGPT [ C] //CHANG M,
CHEN N, KUO R, et al. Monash University.
2023, 323 -325. DOI. 10. 1109/ICALT58122.
2023. 00100.

12J1Y, ZOU X, LIT, et al. The Effectiveness of
ChatGPT on Preservice Teachers’ STEM Teaching
Literacy, Learning Performance and Cognitive
Load in STEM Teacher Training Courses [ C] //
South China Normal University. 2023. 16-22.
DOI. 10. 1145/3637907. 3637948.

13 DALALAH D, DALALAH O. The false positives
and false negatives of generative Al detection tools
in education and academic research: The case of
ChatGPT [J]. International Journal of Managem-
ent Education, 2023, 21 (2). DOI. 10. 1016/
j. ijme. 2023. 100822.

14 NGUYEN H, GOTO D. Unmasking academic
cheating behavior in the artificial intelligence era:
Evidence from Vietnamese undergraduates [ J].
Education and Information Technologies, 2024.
DOI: 10. 1007/510639-024-12495-4.

15 PERKINS M, ROE J. Decoding Academic
Integrity Policies; A Corpus Linguistics Investiga-
tion of Al and Other Technological Threats [J].
Higher Education Policy, 2023. DOI; 10. 1057/
s41307-023-00323-2.

16 LIU M, M’ HIRI F, ASSOC C M. Beyond Tra-
ditional Teaching: Large Language Models as Sim-
ulated Teaching Assistants in Computer Science
[ C] //McGill University. 2024; 743-749. DOI .
10. 1145/3626252. 3630789.

17 GRAVES B. Specifications grading to promote
student engagement, motivation and learning:
Possibilities and cautions [J]. Assessing Writing,
2023, 57. DOI; 10. 1016/j. asw. 2023. 100754.

18 KRUTKA D, PLEASANTS J, NICHOLS T.
Talking the technology talk [ J]. Phi Delta
Kappan, 2023, 104 (7). 42 -46. DOI. 10.



ChatGPT AR BHF N A

. ZERA TR ED T - 11 -

1177/00317217231168262.

19 ZHOU W, KIM Y. Innovative music education;
An empirical assessment of ChatGPT-4" s impact
on student learning experiences [ J]. Education
and Information Technologies, 2024. DOI. 10.
1007/510639-024~-12705-z.

20 HAN H. Potential benefits of employing large lan-
guage models in research in moral education and
development [ J]. Journal of Moral Education,
2023. DOI; 10. 1080/03057240. 2023. 2250570.

21 FARAH J, INGRAM S, SPAENLEHAUER B,
et al. Prompting Large Language Models to Power
Educational Chathots [ C] //XIE H, LAI C,
CHEN W, et al. Swiss Federal Institutes of Tech-
nology Domain; 14409. 2023. 169 - 188. DOI:
10. 1007/978-981-99-8385-8_14.

22 GUO K. EvaluMate; Using Al to support students’
feedback provision in peer assessment for writing
[ J]. Assessing Writing, 2024, 61. DOI. 10.
1016/j. asw. 2024. 100864.

23 JIANG H, CHEONG K. Developing teaching strat-
egies for rural school pupils’ concentration in the
distance music classroom [ J]. Education and Infor-
mation Technologies, 2024, 29 (5). 5903-5920.
DOI; 10. 1007/s10639-023-12056-1.

24 CHANG C, HWANG G. ChatGPT - facilitated
professional development: evidence from profes-
sional trainers > learning achievements, self —
worth, and self — confidence [ J]. Interactive
Learning Environments, 2024. DOI. 10. 1080/
10494820. 2024. 2362798.

25 BAI S, GONDA D, HEW K. Write—Curate—Veri-
fy: A Case Study of Leveraging Generative Al for
Scenario Writing in Scenario—Based Learning [ J].
IEEE Transactions on Learning Technologies,
2024, 17. 1313-1324. DOI. 10. 1109/TLT. 2024.
3378306.

26 HOUSSAINI M, ABOUTAJEDDINE A, TOUGH-
RAI'I, et al. Development of a design course for
medical curriculum; Using design thinking as an
instructional design method empowered by con-
structive alignment and generative Al [ ] ].
Thinking Skills and Creativity, 2024, 52. DOI.
10. 1016/j. tsc. 2024. 101491.

27 BA H, ZHANG L, YI Z. Enhancing clinical
skills in pediatric trainees: a comparative study of
ChatGPT-assisted and traditional teaching methods
[J]. BMC Medical Education, 2024, 24 (1).
DOI. 10. 1186/s12909-024-05565-1.

28 LENG L. Challenge, integration, and change:
ChatGPT and future anatomical education [J]. Med-
ical Education Online, 2024, 29 (1). DOI. 10.
1080/10872981. 2024. 2304973.

29 CHOI W. Assessment of the capacity of ChatGPT
as a self—learning tool in medical pharmacology: a
study using MCQs [J]. BMC Medical Education,
2023, 23 (1). DOI. 10. 1186/s12909 — 023 -
04832-x.

30 CHANG C, YANG C, JEN H, et al. Facilitating

nursingandhealthnursing and health educationedu-

cation byincorporatingby incorporating ChatGPTin-
toChatGPT into learningdesignslearning designs

[J]. Educational Technology & Society, 2024,

27 (1). 215 - 230. DOI. 10. 30191/ETS.

202401_27 (1). TPO2.

NG D, TAN C, LEUNG J. Empowering student

self — regulated learning and science education

3

—

through ChatGPT; A pioneering pilot study [J].
British Journal of Educational Technology, 2024.
DOI: 10. 1111/bjet. 13454.

32 DING L, LI T, JIANG S, et al. Students’ per-
ceptions of using ChatGPT in a physics class as a
virtual tutor [ J ]. International Journal of
Educational Technology in Higher Education,
2023, 20 (1). DOI. 10. 1186/s41239 — 023 -
00434-1.

33 LEE H, CHEN P, WANG W, et al. Empowering
ChatGPT with guidance mechanism in blended learn-
ing: effect of self—regulated learning, higher—order
thinking skills, and knowledge construction [J]. In-
ternational Journal of Educational Technology in
Higher Education, 2024, 21 ( 1). DOI. 10.
1186/541239-024-00447-4.

34 Mathematical discoveries from program search with
large language models | Nature [EB/OL]. [2024-
07-16].
s41586-023-06924-6.

35 HOU I, MAN O, METTILLE S, et al. More Ro-

https: //www. nature. com/articles/



12 - EREEABRUSARERASRNE

bots are Coming: Large Multimodal Models
(ChatGPT) can Solve Visually Diverse Images of
Parsons Problems [ C] //Pennsylvania Common-
wealth System of Higher Education (PCSHE).
2024, 29-38. DOI. 10. 1145/3636243. 3636247.

36 URHAN S, GENCASLAN O, DOST S. An argu-
mentation experience regarding concepts  of
calculus with ChatGPT []]. Interactive Learning
Environments, 2024. DOI. 10. 1080/10494820.
2024. 2308093.

37 FULLER K, MORBITZER K, ZEEMAN J, et al.
Exploring the use of ChatGPT to analyze student
course evaluation comments [ J]. BMC Medical
Education, 2024, 24 (1). DOI. 10. 1186/
$12909-024-05316-2.

38 OKULU H, MUSLU N. Designing a course for
pre—service science teachers using ChatGPT: what
ChatGPT brings to the table [ J]. Interactive
Learning Environments, 2024. DOI. 10. 1080/
10494820. 2024. 2322462.

39 VECCHIARINI M, SOMIA T. Redefining entre-
preneurship education in the age of artificial intel-
ligence: An explorative analysis [ J]. Internatio-
nal Journal of Management Education, 2023,
21 (3). DOI. 10. 1016/j. ijme. 2023. 100879.

40 JORDAN M, LY K, RAJ A, et al. Need a Pro-
gramming Exercise Generated in Your Native Lan-
guage? ChatGPT’ s Got Your Back: Automatic
Generation of Non—English Programming Exercises
Using OpenAl GPT-3.5 [ C] //North Carolina
State University. 2024. 618 - 624. DOI. 10.
1145/3626252. 3630897.

41 DALGIC A, YASAR E, DEMIR M. ChatGPT and
learning outcomes in tourism education: The role
of digital literacy and individualized learning [ J].
Journal of Hospitality Leisure Sport & Tourism Ed-
ucation, 2024, 34. DOI. 10. 1016/j. jhlste.
2024. 100481.

42 ESSIEN A, BUKOYE O, O’ DEA C, et al. The
influence of Al text generators on critical thinking
skills in UK business schools [ ] ].
Higher Education, 2024, 49 (5):. 865 - 882.

Studies in

DOI; 10. 1080/03075079. 2024. 2316881.

43 GAO L, LOPEZ-PEREZ M, MELERO -POLO
I, et al. Ask ChatGPT first! Transforming learning
experiences in the age of artificial intelligence
[J]. Studies in Higher Education, 2024. DOI.
10. 1080/03075079. 2024. 2323571.

44 CHIU T. A classification tool to foster self-regulated
learning with generative artificial intelligence by ap-
plying self—determination theory: a case of ChatGPT
[J]. ETR&D—-Educational Technology Research and
Development, 2024. DOI. 10. 1007/s11423 — 024 -
10366-w.

45 CRESS U, KIMMERLE J. Co—constructing knowl-
edge with generative Al tools: Reflections from a
CSCL perspective [ J].
Computer—Supported Collaborative Learning, 2023,
18 (4): 607-614. DOI. 10. 1007/s11412-023 -
09409-w.

46 PHUNG T, PADUREAN V, SINGH A, et al.
Automating Human Tutor — Style Programming
Feedback: Leveraging GPT —4 Tutor Model for
Hint Generation and GPT-3. 5 Student Model for
Hint Validation [ C] //University of Michigan Sys-
tem. 2024, 12 - 23. DOI. 10. 1145/3636555.
3636846.

47 LIAO J, ZHONG L, ZHE L, et al. Scaffolding
Computational Thinking With ChatGPT []]. IEEE
Transactions on Learning Technologies, 2024,
17. 1668 - 1682. DOI. 10. 1109/TLT. 2024.
3392896.

48 NEYEM A, GONZALEZ L, MENDOZA M, et al.
Toward an Al Knowledge Assistant for Context —

International Journal of

Aware Learning Experiences in Software Capstone
Project Development [ J]. Ieee Transactions on
Learning Technologies, 2024, 17. 1639 — 1654.
DOI. 10. 1109/TLT. 2024. 3396735.

49 ANASTASOPOULOS I, SHEEL S, PARDOS Z,
et al. Introducing an Open - source Adaptive
Tutoring System to Accelerate Learning Sciences
Experimentation [ C] //ACM. University of Cali-
fornia System. 2023, 251-253. DOI. 10. 1145/
3573051. 3593399.



SWARM-LIM: EFXESEHEENT ANES
EEMXES

FE L T ERES BB

BH: LFEEMEAAEBRAGTHENAIFRRAL, FHAAEBEDRLRIK, H£450EKH
BRI, A RAEBE TAX, HRWAF, BREAFAEL, RET—HETFRETHAYGAAL
BAL SR A AER (SWARM-LLM) , W37t 2 RA & g4 %0 4

ik SWARM-LLM E 4 A) A K& 5 R A 3 B R 538 4 540 R ik R A £ BAE 5 HLR) 7
%, BIEFLM, EH5 5, EHRTFEARBRREARAEHEWNR S, EEF 5 BB K,
SWARM-LLM #) Fl K35 3 A 42 4 F K Ao RAMEE A BATRADH, A LES @A A THATH
FAES-, ABSHES S RAPITIT T RELM, E45 50K, SWARM-LLM R 3E-F 45569 72 R
o RAMA BRI, AT ST AE S 5 8L, AARATUE SR AL & JRIE S0 RAMMAT, A AEAL TR
BE, REWRARE, EEHATHE, RANIRERESHRA A RO ESL >R R, $ITERES, HF
Wit AP (RR##ER) AMSHRERTREL, TRRLBAF, #£—F, XFERIHIT-—EFERNTEALE
MR GRF TR &, BRIEFPmA LR EH e Rk, RE, EAAERG LR (AiSim) F
MIET S, BEES . ARESPFAES, BERRAABOESST, FRAFTHREEE,
R, FHEREAN, ERFAESARER AT, SWARM-LLM % 7|4 A (6,4 GPT-3.5-
Turbo, GPT-4. GPT-40 #= Claude3) f£ R AEBELSIR T RIHH® T HAEHRAE ERNEFET F
%, RERES RS FELEA R ERY, FHEARAT 47.8%, HREhdt—F oM T RARTH
EITES MR AR ok, SEREAVAAEBARNGR T IEFT HEL LTS5 FMES T OES RS
FIFE| T RERA, WO, FBTETTANTBRET T RAPEFAR AT 272, GI6E55
B, iR PATHES T, ARANEFRESIMR LT AN 5H,

8. SWARM-LIM E R A 2B A T AAEBES ARG RN E, BIET KT LR EL
AEBEFARNF AT OES, ZERAAEFTEFEAARE, THRRARAEHESNIN R0 LR
RBETHUH A, B8 IR IR L SWARM-LLM S ILEAMZ ) & 0 30 SAEE A% 69 Th ke, 5
R SHMRLIMAER (5B MAREBRIER), A#t—FRAXLAEHELL, HEFREFHEDM®
ek KA, fHRAEBES R ARG L,

KR SR, RAER, KEBETHEA, R A%

ot o

= W IREE
L PEREBEHHHORDIEAT 2. PERE R

1. Institute of Computing Technology, Chinese Academy of Sciences 2. University of Chinese Academy of Sciences



14 - EREEABRUSARERASRNE

SWARM-LLM: A Swarm Task Planning System Based on
Large Language Models

LI Ting-Ting' WANG Qi'?"  WANG Jia—Kang'®> XU Yong—Jun"?"

Objective: This paper aims to address issues such as insufficient autonomous intelligence, low coordination
efficiency in heterogeneous unmanned swarms, and unbalanced task allocation in unmanned swarm systems. In
response to the needs for autonomous planning, efficient collaboration, and intelligent decision—making in un-
manned swarms, a framework for an unmanned swarm task planning system based on large language
models (SWARM-LLM) is proposed to enhance the task planning capabilities of multi—unmanned systems.
Method: The SWARM-LLM framework utilizes large language models to transform high—level task instructions
into specific intelligent unmanned swarm task planning schemes. It achieves collaborative tasks in unmanned
swarms through multiple stages such as task decomposition, task allocation, and task execution. In the task de-
composition phase, SWARM - LLM uses large language models to conduct an in — depth analysis of task
requirements and UAV capabilities, breaking down complex tasks into multiple executable subtasks, laying a solid
foundation for subsequent task allocation and execution. In the task allocation phase, SWARM-LLM allocates
tasks reasonably based on the execution requirements of subtasks and the skill characteristics of UAVs, ensuring
that each task is performed by the most suitable UAV, thereby optimizing resource allocation and improving collab-
orative efficiency. In the task execution phase, UAVs execute specific tasks according to the task allocation plan
generated by the large language model and interact with the environment through API calls to achieve set goals.
Furthermore, this paper designs a set of prompt engineering methods suitable for unmanned swarm planning to
guide and optimize the implementation of the aforementioned stages. Ultimately, we constructed meta—tasks, sim-
ple tasks, complex tasks, and heterogeneous tasks in an unmanned swarm simulation environment ( AirSim) , cov-
ering task scenarios of different complexities, and conducted evaluation experiments.

Results: The experimental results show that in the performance comparison of different task planning models, the
SWARM-LLM series models (including GPT-3. 5-Turbo, GPT-4, GPT-40, and Claude3) all performed better
than traditional optimization algorithms and machine learning methods in unmanned swarm task planning,
especially showing a significant advantage in task success rate, with an average performance increase of 47. 8%.
Ablation experiments further analyzed the impact of different prompting methods on task planning performance, and
the results indicated that the prompt engineering methods for unmanned swarm planning significantly increased the
task success rate in complex and heterogeneous tasks. Additionally, the experiment also visually demonstrated the
entire process of UAV task planning and execution, including scenarios of task allocation, coordination, and exe-
cution, providing an intuitive reference for unmanned swarm task planning.

Conclusion: The SWARM -LLM framework effectively enhances the efficiency and success rate of unmanned
swarm task planning, verifying the potential of large language models in solving unmanned swarm task planning
problems. The framework not only performed well in experiments but also provides a new direction for the develop-
ment of future unmanned swarm task planning technology. Follow—up work will continue to explore the possibility
of real-time dynamic task planning between UAVs using SWARM~-LLM and study multi—agent LLM frameworks to
further enhance the adaptability and decision—making capabilities of unmanned swarms in complex and dynamic
environments, promoting the development of unmanned swarm task planning technology.

Key words task planning, unmanned swarms, large language models, collaborative strategies



K5 B BE AR == B AR 43 A B R B 32

FRILT M el ke mAA

BB BAUE AT AT BRI, 4o KRR A B 25 40 0B VLR AT AT
SR, 4t T — AR T K8 SR B 6038 H AL SR R RAER AR KR 6 E T
KT, BRI G AT R BRI, BT AR, LA
o KRR ASHEA 2T R ST A S

KW MERASI, XKBERER, FARME, LA

Applying Foundation Models to Empower the Aerial Tactics Analysis

JIA Chang-Jiang'* FAN Peng' YANG Kai-Da® ZHANG Long—Fei’ XIA Shao-Jie*

Abstract This paper focuses on the behavior tree construction problem for the aerial tactics analysis. Based on
the foundation models’ capacities on processing graph data and behavior trees, this paper proposes a technical
framework to generate tactical behavior trees with the step—by—step self—optimizations. The idea is to utilize the
context learning capacities of foundation models to generate the behavior tree candidates, and then optimize them
with the tactical evaluation feedbacks. This framework can help tactical analyzers to handle the behavior tree gen-
eration problem effectively and efficiently.

Key words aerial tactics analysis, foundation models, behavior tree construction, applying research

LA R 7 B 2 4 B SR PL . SR

0 5|5

TEBRE T, L i 45 U == °F
B LA T R S A, RS R
AR R A B OCBE  BEAE 2s F £5 Jeat
wrPEREAY PR A, R AR A5 A I 1]
B, WEANABCF L TR, RHBLIT R b
ARBLREVEAL | W0 SRR FE S 0BT A%

= JBIHVER

BLEFMLZS VE SR AR BN , % HAR iz F i iR
TR R LI 55 N 2 AT 2 T AT S i
o ERTFI0 09001 TH LB 05 B
WM E, A0LE AFSIM SRS B
Xfas il | s PR AR 2 R s AR ORE
KIES RO ERE S, X T2 BAES5
MR SARAT AR, 2 TSR AT A ) 24
HEAT RN A, 8 A A R 05 L5 | AR B

L EL N RAECAE 93209 BREA 2. PR A EARIKAE 95808 BRBN 3. EBIRHEI R E RS TAABE 4. P EH TRHUE

Zi/ATEI O i it 25 3

1. Unit 93209 of the PLA 2. Unit 95808 of the PLA 3. College of Systems Engineering, National University of Defense Technol-
ogy 4. The 52th Research Institute of China Eletronics Technology Group Corporation



- 16 - EREEABRUSARERASRNE

Az R R FLAE 55

B AT R AL AN T 25 AR 73
Bramasg 2, T SO R B2 AR AT A
9 RURTROR RE DU 322 422 28 19 i, R 58 UM
A ROR AT R, B TAT AR 2
FIL S AR B 52 2k, 75 AT R A e 4
AN GRS R St A D D [ A &, A
REMER |, 4T 58 A 25 SR AT R 1 A A
H#, TR, RRIRR R,

UTAESR, RBTARLE APk & e, 7
TR | AHLXS 6 55 18 2 U T %
Wkt . RECRLE i Copilot £,
Ve AL BT, 5 B4R ik 55 TAERL
., (B % Copilot XFP BRI AR, R
P A ORI BT RIS 57, 3R T s ik
ARET I HRRCR, ARSI T —Fh T
R A BK 2y 1 7B A2 AL B8 SR AT S A
A ARAESR , AT RIE S AR B 3C
FAJRES), TEABON KBRS LT, Gl
E RN BB A AT B Y 3% AR AR
b, AR R o R RO AT O, LA
BLEp ) 7 S SRR 53 B N DL ROT e ik
ARAT AR I3HT

1 ZEESRA IS oAt

1.1 fin= & AR5 o) B ik

LA R A R 4 e TG PL . SR
PLAFAT S VR A BN, X AR iz A R
BRGNS N 2R 2E AT 0 M ik o Y o
Fio LASCHOILECAR A 58 S i, JHC 4R
AT R AR OR SR RE T
ARANAT A ad | SRS R O B
ARPEAEAICACSEI B, Wk 1 s,

o, BORSEARRE T AL, J2 48 X A%
AR R RHL, i FIRESRER
MFERRE D HEAT A RO, B, DALy

B s R Hrd s S

B, AR SCOR BT, H A A AOR
RS AN BT RN, % T
FLERBEE . P o AT AT A f o
8 Huk, M ESIE, UM EOR
PRI A T Ay A TR 4 A By T B 4 552 ek 3l
AR, fJa, 2 Hr A SRR XS
AR B O, IBOR AT AR |
{155 SE I DA T3 AT 0 A PPAS X
SRR AT RS AR B s L, 1%
FROEAC AR LN AR

T b Mrad R rf, EGR | PRIE L
RN AR R A7 g R, A
Prod e i) o ft . AT, ol AR E R A
ST AT A AL AT Dy A, LA —
AT B4 25 23 OR AT Ry R A 3 5 ) R A T
Ui,

1.2 BHEFRSEARITAR RS

R LIAT R O s R R
R RBLAT O HEAT AR A, AL AR
AT 43 B AR AR PSR B, e A Bk
A, AR R EEE, X ROl 255
WL RO A SE I, A IR S B
B UL 1,

TERZS AT AL L, SR AS R A9 A
PSSR AT SRS EE % ISR TN (EP'S
TR fERR ILZ 2,



RIEBIR BEAT = R AR D AT T % <17 -

F1 BREARP VB STREHE IR RG
LA T2 Heftios il
o (1, 0): | ZmfEf, 0 Fmk
e g
(1, 0): 1 ZARMAEHL, 0%
XTEOL | s b
(.2, 1, 0): 3R R AL,
WERCR | 2 TR, 1| M,
0 F/RTCHZG
(3,2, 1, 0): 3FRIIKELT,
ARG | 2 TR AR, 1 R,
0 278 CHLP
*F2 BREARP YK ARNER ARG
LR B A
) TR, DU O 1
o ,
MR e
. SEEEOR ELE L, W
RIS | oo 7k a
_ IR, VAT AL,
R N T
0255 R 5 S A
=i lj:/?' )
L Py

BT Bk LIRS A BRI T S 23 6] Y

it E X,

AT Dy PR I At T g i Dy

ot VR iz CHLAORAT MR RL, 4

K2 o,

& 2

23 25 AR TR T A 7

B B R AL (Selector) Al

FEN A (Action) , SEELAE SR AT 72
HROGS TRAILAR 5 1 S5 IR 23 A LA R R A3 A 3y

VERITESRE, AT AR 54 R A AR AT 9 Y
BOF B, J2Jm SR (7 AR A
T LR S AR AT O A R o
15875 AN HRHUR S URL SN BAR A B
PR, FETERERAE S, A5 T
TIBOR 5 R 7n RE T FIHERERE J1, BEit
— Pl AR R JR By AL S SR T A A 1T
R R T OR AT AR B R RO
N, ARSOR R Y AR K BAR AT 23
A, A S8 7 PRI 43 e bl L g AT Sy A
Ha S U KA BRI SR AT 18

2 KBRS T 53R

2.1 KEBFHAREEEA

AR, NTRERRE RN ED K
J&, RATTE RN ERHE X Transformer 52
RIBEATIUN 2k, 460 T 78 A ARG A T
SRR BT ZE S A, AR
BEE SHORB YK, BRI IR B
S SRR RRRBE 1, A XN [ S5
AL ) 15 S AR , PN A ( Large
Language Model, LLM) MiziiAd:, 17k
B 5 R BRI SE ARG, FERE % A
WA AT Mg e, s n s 5%
RAWIMEE, HAb e % KiE S A
BREMIEREY R,

KA T AR JE 3L T Transformer 22441
IR BE S A BV B e K,
AEAACE B HOTICSE, H15E6E
iy ) G A ) iE F R, IR PAT X T8
LAY S U MfE DL B AN T R 58 WL AT 55
Transformer 2244 €0 % 4 i 2% 5 i 2%, R
PR R B AN R, KOs & R 3
S REEFH 4548  (Encoder Only) . R
FHf#fS % (Decoder Only) | [R] S ] i %
w515 4% (Encoder—Decoder) ., % T %



- 18 - EREEABRUSARERASRNE

T &R A AIE 5 MR 32 EAL 5 BERT #5550
Fe H G2z A8 il 40 RoBERTA'" | AL-
BERT'™ | ERNIE"™ | ELECTRA''" | De-
BERTa'"' % FETfi it 2% 1Y K0 5 BM 3=
ARG GPT %1, LLaMA R, FET %Y
5 R 2% A KA 32 E A BART'™ |
TS AR R SR GIM F51

2.2 KIERAIBESEHEE

A7 M AR Rs o 0 3 B DA T S5 #0) R AT 36
iR, UIA SCHE 5T I R OR AT S A R LA IR
ZERE R A IR FE A GRS AT S
0, BEE KE S EAE AR I1E S AL PR

W3z 0, H e Ak BEORD A R R R A
SRR T R RE ISR T R,
XEERE AR E AR TRZ54 . BIS5H
B O FE A L R B AR G HE BRAT 55
Wk AL Z kAR I, vl BRI R
B [ 3 A w20 AT M S5 4, 38
o F R E A, R RS i
R

SCHR [ 15] W50 T KIS AR 7E 2 A
A E R ZS M5 i s 71, IRl T
— G G T T R R R PR B 5 R A B
ARHEZE GPT4 Graph (& 3), FRIFAL K
T AR A PR A R TR R T

K3 GPT4 Graph: it BEAUHIE G50 BE 45 5 BORHELR

GPT4 Graph it F3hF1 A A4 s A 7R
Tik, WAL T ORIE F B R R AR DA
AUCEPRRI, S50 PEARAE 55 (65 BTR
ANKS I RE ORI G E E A
R, HRITE . BEREOTA SIS, &%
WM, A BT R RE A B
Wi, £ € 52 78 R 7 45 ) T B A — o T
B, FEiE SCPEf#AE S5 J5 T, GPT4 Graph &
PR BRI FR B ) 2 A i
B, TR KORSES ERM
e, H5% TRY BB RUAH LT A 22 1,
Wi FIREFSY, GPT4 Graph 1545, K

T T AU LE (R 45 R BCHE Y B R B A
W), B R R LGA R L]
PRI () 7K S, A R A AR 5 07 O T AN [)
AR A n F AR A, BRREY
I g AR T SCHRRAT 55 R 8

BTN 2R A A AL SR Ao A 25 44
PeSCAS B S R, SCik [16] JFR T A
KM FE A VEAN K 75 1 R0 A S (5] 45 R K
Py A RE 1 K R 25 R B8l i B Ry SCAR
DIEATE 5 AR AL B, X 22 F 1 gy
T e HAE AN [ P 4 AT 45 Hh (A Rk iR 1 7
TAMPHE, FORHEZRIE 4 i,



RIEBIR BEAT = R AR D AT T % - 19 -

4 IR RO T PR BB AR HE SR A

SCHARTT T R S BAR | 78 TR
AFEAEM A B 5500, B e TR
R L P4 BT 55 b ) R B ST R
VeI 25 114 1 2 % J7 3 06 T 7 A TR A 4
155 PR IA B0,

2.3 KESRESITAHBHE

AT AR T AU AT, SR JE B
JZ R T AL NSRS, S SERIAE 55
FORMARTSHL . J2 UG5 AE ZEA8 FR SR AH
o, AR SR AL R PR ]
DRSO, AT A th A2 54
PRI AT, i, ARk, 17
AW E BB G] TIRZ K, &5
AT A b a5 3 FE B3 g B T T A
TG HE T R I, BT
AT A A )T 1 308 1o A O R AT
SER R B S AT O, B A 3 )
P, AT R 1 Bt o = > 47 9 B
S, AR RE 8 7 A [ 19 4F: 55 AR 55
A O AT IE Y, E i B 3k B
TP AT o, 2 ) O R T AU AR
IR B R R BE ST, I H
it kAN LR, ] LU 4 52 Br 8CR X A=
I AT A BEAT SO, B DR S B E b
TSR B4 M%) 5%, A4 25 T 5l fb o >
75 JE T BEAC S A O 1 A0 T i
INIIT . T3 —REET R85 AT
AR A R B T UL L AT A R B AE SR
AR BERT S B B Sl A ORI B 2 S

AN AT S R B4 A e A A B R
HSHMA M ARG S RME G, ik
ARk, RBUTE R R R Y 9 K Y AR A
A SCHELAR RE 7, b LS BY AR 0 0E 20 Y
R AE SC, T ERSAR I T 55 BUid nl 2y
R R BRI T AR, FEAL S5 E L AT
F5orfi. RS oA A P
A7 A S UE AR A CAT S I BB 55 224 B B
EL(

SCHR [17] R0 R & R R
T HLES AL S5 SUS AT A B A2 1, %
FORFAT 55 9 B ZUAL 55, il 454
A1 LA R al B, B — 2P
TREMP BT A, H BRI
FEANEE 5 7w

Source
behavior tree

Phase-Step i§ Large language

Target task
i prompt model

description

K5 T RBR LS AT R
A AR R IR

PHARMEZE AL B e N — ST
554 (Target Task Description) FFif, £
S AHBUEHER, AT (Knowledge
Base) kB AIE MIERTT B (Source
Behavior Tree) H5HY SR 55 FLhb 4T A A A5
RUFNSTIAT 55 43— [l A BT BOE BRI AR
Ht (Phase—Step Prompt), iZBiHE A K
HHAY (Large Language Model ) #4774 W



- 20 - EREEABRUSARERASRNE

EAAESE R  FEFE RS IAR) HARTTH
B (Target Behavior Tree) , X FHZH i
B, AWEAIAHN RS HRER, ®a
RS AT LA A B e Al

3 RERIURATAE AR T A B
rasdt

AR AT A (AR R AT Sy i s
WREMRAE, SRR THULZS AR 23 BT LR 1 56
B, TR AW A, 3 (R
NIRRT F AR, L B AT oA
B, B T i AR B DR R 1R 3
o ) AR AR AT R, I i ) i ) A
AT, 8 R I T AR BT B Y
a5, TSRS, W AR
Tz R M s tERE L R /AT
S HBRURI PRSI K, AR 21 i
ARHMZAET E 2%, L, T IR R v
33 2 AT SR B R R g A 2 1 L Bk
P, FTREAFAELL T M)A

(1) FARMBECR, Rifi Sl g
R UMD PP A B i, 7 A T ) )R] REAE
PeEm, SEUT AN BE B T SR
H, e BRI R AN TA RS 2

(2) KifE A EAT 5 KA iy PR
SRS, (HR A2 B A B Ty
ORI, JEHIE S SR Ll U A 4b 2
W, R, XELUAE R 8 v 6 i i ek
RAEH R RN AW,

(3) ZWRT OB, BT R
A IR g At i 3] i ) AR AT S AR A SR AR
FUNZRAL A i 2 ke 2 5 0 J5 58 AR I A9 I
GRBUHE, T BLAT DA A ] A R 2 s
R 2R 2R, I 2R 2 A R Y,
R T I A A2 A RO B B, KT S R
XUl de Z Ay 6 4, AR R AT o B
PRAAERE R

3.1 RRBIRFM=HRARITHRE
R ARIELR

T IR KA RILE T2 SRR ST Sk
PR BRI, A SCHE I —Fp L F RIBE T
BEFRYIR By (1) 3% 25 e Ak 1 R R AT R B A
MEZE, R RIE F AR bR 302 ) B
J1, FEATA KRR G NT, il K
BRI B B A AT i B A kAR AL,
A HE SN R B AT MR, BRHE
PALFE DU F 5. AT AR AR AT R
BEEIVE; AT W Ak A7 o8 B i 3T
fili o I YA AR AT, RS
BEARAT IR AL, HORHEZR A 6
FIi7R o
3011 AT A . A E AR RAT
KB

T R S B AR AR G R
TS A, SR B KA AL T 0B A
Jrids, HERURH L B ARAT A AR, 1K
JE ST AR A A

FERARER [, AT IR SO S K
T R AR il o SR AT O AR, e
AT AR AT DA MR SE AR AL, 38 B AR
b EBR, HRWEAS A RRD, H
Pk B4 L BR B AR T i,
U, WIheA b R T B2 R R i A 2 A
ZREPER AT ISR S, A
WK, A BRI 1T i b ik
PERBUEAF (VR fe 2 iy, B v 2R i
FERAT R R BT i
3.1.2 ATHME R, RIEAT hHEE

iF#

AR ARAT A A8 SR — ™ (1) 45 2 R
WUVE I &5 4, X A 0 SRR AT Sk A A
), FTEHATRRRA, O A A
AR,



RIEBIR BEAT = R AR D AT T % - 21 -

K6 RERIURKEN AT AS SOARTT A A AR AHE AL

MFRIEFERM S, HEZREET
) A UL, LA A [ A 7 X
AT AT AE B, i = X6 A P AR A T
B A, B, XTEORET AR X
M EAT 5 2 AR 4 FAT R sh A i Bl 45
M, R O R ™ A i DR AR ]
et L TF, HhRBRE AR LR, Ba
R, LI RER 2 Ae i S 3
Jra, I, FE B AR B AT A AT A
B,

F T AR IR R AT S AR ) S 8 AR 5
TG i TR OB /IN A SR, A I S A
KRB AT AL T R E AL, RBUCE
MR, S 20K B, B
BRAT R T B U], R S AR A AT S A
FRF PRI 5 2 e ] B 7 2 BE 22 A T, AR
LPRIEE T, LA ERARTE S ¢, Y
HIBRIRORTT IR BT, DL 470
W5 48 2 Bgs xR g s B, — TR O
A, AR BB REGE X 47 B BT #EAT 70
B, i aT AR AL B BAR T4 02,

FIR S HRAE,
1.3 AR, BEaE
2 Hy

TEPRIEAE AT A IE A . A B S Aik
I, TEEEXAT AR R AR R T4,
S EBRICAY . KFERI A B R,

FEAT R R T B, e T
EARAL RO B, T AT Xk 326 52 10 AR 485 4
#ATOAL, BT AR, FRALE . T84,
DA B BRI St v 5 5 () 7R ] — S5 4 S KA
LLESE TN C N BE iR R =R S )
TR, BT IR aE, If
FLAREEA T AR 00 HAth R o0 AN AR, KB AT
DAAR 3R 75 91 55080 2 23 30 Gy A= Bl G A9 15
KT FRIE,

3.1.4 AT MM EVIT M, BARAT N M A
H K

SEARTT I T as AR o, 2
AR AT BIF R R AT Gt it =
%, Bk, SR et
R IATIEAS GG IE

E AT A



.22 - EREEABRUSARERASRNE

PP AR ORUEAT AR A (U HL B 1Y
BAES BN A Ras Ty, T H 2 R
JRRAT AR BE S AT s o Y R R
B LR E BAT A, PRl R
FEOCAR R PG B4, DK >4 AT AT e 4k 2
BEATOUA, T AREE i b — R AT A
YERAE B bR, —Jr i, AL 7 2500
A RS A ol PR A DA P i 77 4 AR )
BOTIERE, 3 —Tr i, PR A R
R REGS i 1 R A 458, JF B A s
o B BE S A ROt AT B AT 55, O3
Gb, BERAT MR AT | 7 FOE I A T UK
EAT AR PERE, LA R AR AT A A Y
AERE, JFgE— DR R A BT A, AT
DA FH © A7 39 R R R A7 A= A0 45 2R B9 36
ik, I HATRORYE A ARl A8 17 52 P
AR ADLIE AL, Xk 2 Bl A 235 2R BE AT HE T 7Y
Ak,

5B T R R A A7 A A IO vk
ML, AEARHERA DU

(1) AHERCR HIEAU AL 1 7 XA T
PR, Gl A WP Al S kot I
AT R R T, LT O AR
REAE A W o B 9T A, JE A N &
AR LR AT A PR I RA

(2) AHEZRLES T — > B A9 < %
ARAGS L AT MR IE S B, BEHE AT N
PR A B A 45 SRR 22, K b
AR SR AR 24 T, E— 2P
AHERLLE AT B IO RE T 5 BRE 76 At
YN N s SRVN U D= W e 9
AT BRI

3.2 BAREZREEZMIIETEE

W TR T M (4 i 2 B AR AT R R
A A ARNE SR AT T ARSI, TSR
VEWGAS T B TR . — S 2 R
ARIE PR AR A A R AR S BT R

AR

o, s ORI SO, R
TRIEFHR, T80 R A AR 2 A
2 ISR AT 2], SRS A
ARAE A R B 18 SCRRAR 5 AR 53T 7 17
TR, MR e AT e R 5 AR R 1 A 5
SEALT, M B E ORI
SR, SEBUMAR I v 1 - fih U I 5 25K
AT R AR 2, 5 AT rp R 4R S AR
a5k, WA s A, R R — A R
WL, RV A5 R VR I B SR AT
W, EEW SR, Wk 7 R,

7 RBERIKAEAT 2 S 7 W i s R

& Bh X —HL], ST B B i
HARIE F 48 2 5 A 2 RORATT W i
WAL, AR THAT A R
[F] s S8 5 o8 I T ol 401 a8 R L 1 1T Al 2
K, AR AT A Y A AR AR N F B
AN
3.2.1 EBRAFECEMERANE

AL S A N 50 4
P TR S EIRfOR, Ho) BdE TREER
FE T A BN %) Ak B R R AR A R A
BRI GRAREST P17,
PAT 25 R R 4T 5, W0 AR B G 4l v
[, X — B Boid i 53 A N H AR B
BT B0 25 A B FE A, B A



RIEBIR BEAT = R AR D AT T % .23 .

HARE S, Hih WO & A7 o B4
(I JSON #&30) ,

TERE TR AY LAl T, AL S0 i Bt
UES IS e ib R s i = RO 2R €7 S
B BRI E AR B IR IE F
TSR RE ), 3K — PR 2 4 B Al
SERUHAE T H bR 0 R A B, WO R
I AR T A B A ARIE T, AR BT
T AT IR G54
3.2.2 BRApMrR AT

SRA MR N TR TRE, T H AR
T AT A R Be AR L, HAZ AL
HlE . B A ARITES ST AW R S5
Biks XA Ao T AR R, B S
FEERE, SHP R REE, R4%
RIZI A sh L S s ke & 514, SR
PR E 7 I BB 5 ) 85 o DE L A A 7>
R, ik — i B D TR BRI Y AT
BF ], W R Ml 4R T T 3R G 1% e R R
BATRCR, WERAEBE E b ok R4 B
VS AT IR, R g 8 I R R
BRL D ARYEH AR E T ik, B e
A NAE AT IR, DL R P Bk
oK. AN, TERMBIIT AW G, &S
R Pk A7 22 O 3E 218 Bl Ji 4
TR IR 2 A2 B AT R W 58 2456 FH
W, SCE T OANHLAS HL B R A R
[ i

4 HiRiE

ARICHGEMT 2 AR IG5, R T
PN Rk NN A D ICTE R € SS R E kY - BN
ARAT T SR R, 4R T — Rl
TR [ A AT 0 A B A il AR AE
2, IR v S B v s 114 O )
ke, moh e 2 TR v M SE B LA KA 5
ORI PS5

—_

PETER D C, JEFFREY A J, et al. Advanced

Framework  for

Modeling (AFSIM) [J]. International Conference

on Scientific Computing, 2015.

2 X074, BRfl, Sk, & BHLG A= R0 B
BRI [J]. REOTEAAR, 2023

3RCEIRH, RSN, E&HF. ChaGPT HiliH
AR A B i3 7 0 20 RS RS R ) i e L
[J]. Bl br 5l &8, 2023.

4 JrF, BESCE, X, % BT Q- MifT
R CGF 23 AT Mk [1]. HHEALS 3
1k, 2017.

5 VASWANI A, SHAZEER N, PARMAR N, et

al. Attention is all you need [ J]. Advances in

Simulation, Integration and

neural information processing systems, 2017, 30.

6 DEVLIN J, CHANG M W, LEE K, et al. Bert:
Pre—training of deep bidirectional transformers for
language understanding [ J ]. arXiv preprint
arXiv: 1810. 04805, 2018.

7 LIU Y, OTT M, GOYAL N, et al. Roberta: A
robustly optimized bert pretraining approach [J].
arXiv preprint arXiv: 1907. 11692, 2019.

8 LAN Z, CHEN M, GOODMAN S, et al. Albert:
A lite bert for self-supervised learning of language
representations [ J]. arXiv preprint arXiv; 1909.
11942, 2019.

9 ZHANG Z, HAN X, LIU Z, et al. ERNIE. En-
hanced language representation with informative
entities [ J]. arXiv preprint arXiv; 1905. 07129,
2019.

10 SUN'Y, WANG S, LI'Y, et al. Emie 2. 0; A
continual pre—training framework for language un-
derstanding [ C] //Proceedings of the AAAI con-
ference on artificial intelligence. 2020, 34 (5):
8968-8975.

11 CLARK K, LUONG M T, LE Q V, et al
Electra; Pre—training text encoders as discrimina-
tors rather than generators [J ] arXiv preprint
arXiv: 2003. 10555, 2020.

12 HE P, LIU X, GAO J, et al. Deberta: Decod-



$24 - EREEABRUSARERASRNE

ing—enhanced bert with disentangled attention [ J].
arXiv preprint arXiv: 2006. 03654, 2020.

13 LEWIS M, LIU Y, GOYAL N, et al. Bart; De-

noising sequence — to — sequence pre — training for

natural language generation, translation, and

comprehension [J]. arXiv preprint arXiv: 1910.
13461, 2019.

14 RAFFEL C, SHAZEER N, ROBERTS A, et al.

Exploring the limits of transfer learning with a uni-
fied text—to—text transformer [ J]. Journal of ma-
research, 2020, 21 ( 140):

chine learning

1-67.

15 GUO J, DU L, LIU H, et al. Gptdgraph: Can

16

17

large language models understand graph structured
data? an empirical evaluation and benchmarking
[J]. arXiv preprint arXiv: 2305. 15066, 2023.
FATEMI B, HALCROW J, PEROZZI B. Talk
like a graph: Encoding graphs for large language
models [ J ]. 2310.
04560, 2023.

CAO Y, LEE C S. Robot behavior —tree — based
task generation with large language models [ J].
arXiv preprint arXiv; 2302. 12927, 2023.

arXiv preprint arXiv:



RRBEBRIEENARMEEFTEESHETE"
AR RN E W M &

W E A REAEI LA TORBEER, BT —HRBEABLMBRATERET kT &,
EHFEFINS RERA SN b DIGR, HB LB B THETEAPAWRELERE, S REBES AN
RAEAEFHATREN B, mMENEME LR, ZAEFTORRABEXREL, FRAW, &
2 EEXEES5ABE B ET, ATHA LA RO SR T INAE LHTUF 04% 69 E5 ik & | BiE
T % KR IR 3 3% Ty R A W AT K AR AL S R P 6 A A

XEIA KBARBA, HIEHR, FAET ok, RERS

A Data Augmentation Approach Enabling Feature Learning
for Large Models in Radar Signal Sorting ™
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Abstract To meet the data requirements of large models in complex electromagnetic environments, a large
model—inspired data augmentation method for radar signal sorting is proposed. This method introduces multi—scale
fusion embedding and mask augmentation, and applies them to construct a data augmentation set for radar signal
sorting. Multi—scale fusion embedding performs deep temporal encoding on the original signals, while mask con-
struction simulates complex environments and realizes different degrees of signal interleaving. Experiments show
that in a 12—class radar signal scenario with 5dB signal-to—noise ratio, the high—quality training set generated by
this algorithm enables a 94% correct sorting rate, demonstrating the effectiveness of this large model—driven data
augmentation method in large model applications for the electromagnetic domain.

Key words large model inspiration, data augmentation, radar signal sorting, scale fusion

N R TR 2 T A AR R
0 35lIs T RO A B T, KR TR B

N TERMIEI ., TR AR
TR RN TR e R AL, R

o [HGCEERPHTIH  (JCKY2023110C099) FNEZ A AR EREEH EHH (62171334) %)

#% Supported by National basic scientific research JCKY2023110C099 and the National Natural Science Foundation of
China (62171334)

* W IREE

L PR FRHRSE 2. I/RIE TR B 5l fE TR

1. Xidian University 2. College of Information and Communication Engineering, Harbin Engineering University



- 26 - EREEABRUSARERASRNE

AT A IR Y, il L R L A 5 A
Ll R M RE,  AEAS I X HL 1 25 ]
AR 2Bk, A S R R O R
SIS R IRER AR | A
AR MG AR A, 2 AR5 0 £
S HAR A ) 508

MR R R4 ARderk, mhag
SESIRIIE, AR GE BB 1 9 7 VR AR |
B SR IX AR ME LA 2400 LA, 75
EIRRREINGE P S S RS2 A
7, AP EMNESRE, B TR
R, DR T R R e

LB S ik o, fB5Er A
EERIEWRLL | (55 U E A Tk
RETEALAME LA I SEPRs SR, I 5E T I 7 R
AR 4y i 29 3 Y0 0 2 05 A R R X —
e, LB R, HEME S
BT Rt X I R 17 T AR A
P TR EOR

P, PR3 A 5 U ) 0 34
HOTEE, KRB 4R T B 3
£, R SR SIS I PR A TR
XA R B RGBT A P HUV B
Bl ) A A5 S AL PR R AR REAL R R

ARSCR AR TR I8 K b 455 79 20 2 (7]
A, X LT TR U Y — A A 55
BUAT 14 7 3K ik e B B AR A S 2% L G B3
T, Wbk CE KRS RAE
WAL AFISOL D, LR | PRI AR R
BURMEZ 040 . I SE A9 728 Al 2 L1 DA 2R )
R AR HazAbRe H A IR,

BEXT AL J A 18 0 00 7 IR 05 5 o0 1k
HR R R i ) T, AR SO R T BIAT
Z RO Rl A i A RS 3 5 BEAR . Hovp,
2 RO R i Al o TR PP i, FE A
[R]ERF I) ROBE | $ B R 15 5 RO AR AR RR
RIS B, T AR A BT, SCBL T
RS AR ML, Wl X7,

ST — A v ) 7R IR g AT 55 Y RO 1 o
8o N TRAEFTIR IOk A R, TR
T—RIN L, IHET LI E R E S
3 [ 9 UE 1 5 ¥R A R

1 [N

1.1 Fixpkmoik

ISR 5 A B R R A O B R
RIS LR v I e S w Al P S A L
IBAE T o PSR TR LR B TR 5 Jk e
TorE . VAR AR R R, A
SOTRWREARET N, RUHLIETE 24 2k 20k
SEZHIR NI QU R A N E A AT
AR S AR BV, AR
F ARl ik bt i 7 (PDW) AR
PEIMHT, TRl — B a5 R Bk i SR 2 A —
&, 5 AR R R A ST i e
T T 00308 A SR 5, T — 2 R 3
Frifee =GR, Wi T Ik A 45 5 98
Jrak, anpk b gt AL AD | AR EE AR
A5, DA — 25 e W7 2 R Ak AR 2
g ISR S AR A 1R

i & %= (Pulse Descriptive Word, PDW)
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W M PDW JH TE 5oy ik, ALY
PDW 20 {4 iz
[PDW, = 090,4,- ’ fm‘,» s lroa, s Trew,s APAi } i’vzo
(1)

PDW 3 i —2H S H 5 JOk 20 i B A~ T
kbR, o R LAY T BRI 2
o2 .

(1) Bk #p i B ( Pulse Amplitude,
PA) . FoRk 5 S i B BRE R/

(2) BkuhF|KEE] (Time of Arrival,
TOA) : ARk A5 - Bl 452 S HIL 47 3¢ 1) 1)
(] 5

(3) k% (Pulse Width, PW) . FEEft
Jok SRR Y e TR

(4) # W (Radio Frequency, RF):
Ei=0/ I SULEREAUE -4 E Tk

(5) Bkih3ikfA (Direction of Arrival
DOA) : RAE K M5 5 23k B L 1y =5 18]
i,
X (1) Hr, @ SRR ] 2 5 U 42 0 3
TR IB K i RS, BUEYEE AN 1 3] N
o N ONTE S 2 B TA] T N 0 Y ik e
S IR TSGR 28T D ok T A
LIS BRI 5 I G AT B AR AS, 2

Mgk PDW LS
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R 3 R F B e, YL AR AR
Fl—A Bk E5 5, SEEGI S0 & oo
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W—~ PDW [a] &,

1.3 REBEEFNG-RFRNZEER
WY 25 - f W ( Pre — training and
Fine—tuning) JWzU7E A SR 1E 7 AL BEANTH 53

HURLSE SRR T B R, A O
RE e AE KR JoAR s Bt AT A

ISR, %> B R RER S, FERY
SEAE 55 /NIRRT B b EAT I, 52
WAL 55 R P B AP RESR T

X T BN AR KRR I T
s F @A ( Masked Language Modeling,
MLM ) O Y F 2 3L ( Masked Image
Modeling, MIM) " &5 [ MBS ki &
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SEN RS E /TR i oA o0 NG Y SN =D
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S
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WBCESHEA TR, H A5 2
) D SRR AGIERE, P LA A A
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LR SV EW R
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KR —NESE, BRH T AR
LR A S AR, T AR DL — 5 LE 491 )
CMEREAT AEAE,

HARMIE, i ah Bl g R /)
(R ZE(E Ay BHE ITARERS AT -
ld e (R(d,,,(Appy ), 1, (24555) ), D) |

(8)

K, WBR(C ) WA [a, b] N
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W2 A AL, ffi 1% %5 CPU i Intel (R)
Core (TM) i9-14900k; GPU % NVIDIA
GeForece RTX 2080Ti Il %k #& %4, R H
Adam F Ak #i XF 0 26 A5 8 2 B0 A7 B,
RN E R 40, IR R E N
0.005, XJEHRAERIE 7« 3 1Y LRI 43Vl
GRS

3.2 HIEE&E

(1) SEEmIgsE. KEHIAEME
SRA R FEEE K ST R 10s, {55 R
FR&R 0~11, &I 12 FfE 5 M
AEHE, BRSO — R 5B 74k
P A, BB S R R NGRS
A, k1 R, AR R K B
[E]#L TOA | #M3 RF | Jk3E PW . JiKifd PA
F35f DOA | #3% ID, BASCIER HAas
IZRTTC M 7R 4l G S (RIRE .
ER . BRI .

1 BSOhHRFHIEEAR

TOA/ RF/ PW/ | PA/ | DOA
No Label
s MHz s dB (°)

1 [3.3030859386 |9618.00 | 8.63 |-5.52(58.42| 1

2 13.3031322860|9618.04| 9.05 |-4.13|58.16| 1

3 |3.3031778397|9616.63| 8.86 |-4.95(57.93| 1

(2) M. SRR e ik 4 B

w, AR, R, EREAYE, B
Mo EPAEE T IR B, FBIF/E
a4 @ sz, AT = A BE N 2 Bl AL
W, 2, MZEIRESFEY, Hbha s
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FETEME RS | S 80 iR 22 Rl /> i B4
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L E =M R IR E, B
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MWREEA 1. 4 FRBES, FE5H5
RO, 2,5, 7 KAUFESMIEE KT,
3999038 AN IAEA
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RO, 1,2, 4.5, 6,7, 8KAEUFSWIR
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2579053 NIHAAEAS
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(1) i RAERMBPALH, MR
BLAR B [l % 15 55, % ¥ ok Bk oo il R
& (PDW), G03& AR, T AEMR
ke B . MR Bk A, R BRI 4
YISREMEIELE , JFiFfTIH— 1, KWRaE
FiALRE 4 AR A

(2) BdEsgsg, K WAL S ) PDW
R A B AT, et 2 ROE RS
FRAFEBOA [/ RO /Y Jsy BB A4 Jm RRAE )
FHAERS 3 5 47 AR B ALIE R 735 5, A
BB TGS, RRFEN
O, AERCKHRL . mita, 2R
G

(3) FRAEFEBCRIAALINLE | B 3has s
(1) PDW 48 i A By & BRI Rl )25 42
BOR)JZ R B SRR ERAE , 4 A MLP £ )2 )8
PRI DR 23 S 25 T 3k 5 5 28 1), 2 T
25 FAEASR ST AR R %L,
ARG B 28, FESE S P
fhRAIPERE, PRAF R BRI REAY

(4) BERGIFNPEAL . K U DRbr i s
AU TR R 4L, X4 f H KB
kb5 5 e S #EAT 432, s B Bk oA
FHIPRESE R, W ERR | KR A
] FE PR AR AL R RIME fE

HAP T 4 BEFIFEAR AN T

B RBR I HER S, TR TR E
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FRIMIRE R, ST H 1D 1A 1 ok e
B W0 Az A B K o S, SRR A
HARVAHE A F B3

FE AR A BR, R EMES
FRI A 1%, 2 ZEAH 1D 18 A ik e
BRI S BR bk p S8, SR JE T A 2R A
(1943 [ 2R HOE- 34 1E

ARICEEUT 3T Transformer FY 45 4 A1
B P SRS M VR R, e [ — I 4

PEATRSLESE 5, eAh, s VPAl 1A SR
M2 ROBE @l & i A M 4% (Multi — scale
Fusion and Masking Embedding Net, MFM-
EmbNet) BRIPPERE, #1508 1) SFUIECR
e 2 Poi

®2 REFIEEXAZERTLER

=¥ Transformer| TCN B} JF ¥ | MFM—-EmbNet

WERIR (%)| 43.21 81.63 94.32
WWR (%)| 52.48 81.70 94.27
AR (%)] 52.93 81.63 94.32

IR ZE R W], MFM-EmbNet £ 45 10
FabR DAREUAS T B R R B, ERA T A SR
o BB 348 5 ok RTRE R 3 3 B AT R
FEREAEMRAR MR LL | (558U B 2 4
Y5t F, MFM-EmbNet B3 T W2 891k
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BRI AR /A ESmik ik, %07
FERIAT 2 ROBE Rl A i A R 1 39 58 3
AR, AT R B Y G A A A 2% IR SR AR AL
LA AL H shib A s s it . AR AR
TINE T o A R A, SR A AR &
W1, e 12 KHBMES . ARG LY
FOEESE I, MFM-EmbNet #5558 B8 7
SR RE, R BEAE SdB A9 IG A
WSS, IR 3] T 94% , W&
WFALS vk, XUEB T 800 1 5 7 1 fig
WA SCHE THIR B AR 5 AR IR R Y2 4k g
J1o BRI, ARGRAAEAE SR BR %, AN R Y
RS RS R, RS ZmiE . K
FRAS 50 B Rl B T I PR AR, A RHe T R
ARORER R R R i BVGUE S R E /TN
J5 1 S5 AH DG S P AR

£ STk

1 CHANG Y, WANG X, WANG ], et al. A survey
on evaluation of large language models [J]. ACM
Transactions on Intelligent Systems and Technology,

2024, 15 (3): 1-45.



RIEE

BRIEBENARFES

FBIREESPIETTE - 33

2 YINS, FUC, ZHAO S, et al. A survey on mul-
timodal large language models [ J]. arXiv preprint
arXiv: 2306. 13549, 2023.

3 JIN M, WEN Q, LIANG Y, et al. Large models
for time series and spatio—temporal data: A survey
and outlook [ J].
10196, 2023.

4 SHAO J, TONG J, WU Q, et al. WirelessL.LM:

Empowering Large Language Models Towards

arXiv preprint arXiv; 2310.

Wireless Intelligence [ J]. arXiv preprint arXiv:
2405. 17053, 2024.

5 DOBRE O A, ABDI A, BAR-NESS Y, et al.
Survey of automatic modulation classification tech-
niques: classical approaches and new trends [J].
IET communications, 2007, 1 (2). 137-156.

6 GUPTA P, JAIN P, KAKDE O G. Deep Learning
Techniques in Radar Emitter Identification [ ] ].
Defence Science Journal, 2023, 73 (5).

7 ZHENG S, CHEN S, QI P, et al. Spectrum
sensing based on deep learning classification for
cognitive radios [ J]. China Communications,
2020, 17 (2). 138-148.

8 ZHANG C, PATRAS P, HADDADI H. Deep
learning in mobile and wireless networking: A sur-
vey [ J].
tutorials, 2019, 21 (3). 2224-2287.

9 KULIN M, KAZAZ T, MOERMAN I, et al.

End-to—end learning from spectrum data: A deep

IEEE Communications surveys &

learning approach for wireless signal identification
in spectrum monitoring applications [ J]. IEEE
access, 2018, 6. 18484-18501.
10 0’ SHEA T J, ROY T, CLANCY T C. Over-—
the—air deep learning based radio signal classifica-
tion [ J]. IEEE Journal of Selected Topics in
Signal Processing, 2018, 12 (1) 168-179.
ZERVEAS G, JAYARAMAN S, PATEL D, et

al. A transformer—based framework for multivariate

—_
—

time series representation learning [ C ] //Pro-
ceedings of the 27th ACM SIGKDD conference on
knowledge discovery & data mining. 2021
2114-2124.

12 ZHOU H, ZHANG S, PENG J, et al. Informer;

Beyond efficient transformer for long sequence
time—series forecasting [ C] //Proceedings of the

AAAI conference on artificial intelligence. 2021,

35 (12): 11106-11115.

13 FE4¥r, X4, iﬂm & IR RIRE S 5
WIS (1], Bissk, 2022, 11 (3):
418-433.

14 FARAHANI A, VOGHOEI S, RASHEED K, et
al. A brief review of domain adaptation [J]. Ad-
vances in data science and information engineering:
proceedings from ICDATA 2020 and IKE 2020,
2021. 877-894.

15 SUN J, XU G, REN W,
classification based on unidimensional convolutional
neural network [J]. IET Radar, Sonar & Naviga-
tion, 2018, 12 (8). 862-867.

16 LIN A, MA Z, HUANG Z, et al. Unknown radar
waveform recognition based on transferred deep
learning [ J]. IEEE Access, 2020, 8. 184793-
184807.

17 QU Z, WANG W, HOU C,

intra—pulse modulation recognition based on convo-

et al. Radar emitter

et al. Radar signal

lutional denoising autoencoder and deep convolu-
tional neural network [J]. IEEE Access, 2019,
7. 112339-112347.

18 QIU X, SUN T, XU Y, et al. Pre — trained
models for natural language processing: A survey
[J]. Science China Technological Sciences,
2020, 63 (10):. 1872-1897.

19 DEVLIN J, CHANG M W, LEE K, et al. Bert:
Pre—training of deep bidirectional transformers for
language understanding [ J ]. arXiv preprint
arXiv: 1810. 04805, 2018.

20 HE K, CHEN X, XIE S, et al. Masked autoen-
coders are scalable vision learners [ C] //Pro-

ceedings of the IEEE/CVF conference on computer

vision and pattern recognition. 2022. 16000 -
16009.
21 LANG P, FU X, MARTORELLA M, et al. A

comprehensive survey of machine learning applied
to radar signal processing [J]. arXiv preprint arX-
iv: 2009. 13702, 2020.



AEBRNZEREHNESTERENIESR
RIE IRETET BRI

H E BROMEREFERARSKRHASZLEE SRR, E@FAR, FME SHEIZ L, 2
AP A AL, I, EFFRAERIBIEFERORFLREKSG, &K, HEEREUEE, £
R BABH M EFEROAEARBIERERKRAGZTRE, AREEZCAHEFTRERT E, LFAL
FFRRE R IR IR S Kk ey B3, EEFFRERSRIN S HRAEAR, AR ERE
G RE R AL, BERAAK (R Rk B B AR 4k AL AR

Hoh, XEMET NS FHRAWMFER, GEEMEFETRAERAEPHEAMEE, ZitER
OAZANZEHYE, APmAER, SHRRERP T AOERE, SAERGZTESR T, O FHn
NS R FTHEREBRFINSBESEZETR, AEREEREHRELNS, QS HRIKERZERY
S, WETHRAMAR, Fikidd KBNS ZIWHE T/E, XA TR EESEERR, EMER
Wik fe AR ERFLEMLS, QL L OB AT KR ERHI AL, BUFRAES ARG, &
B AT RAELELL, $BAEEAR T AN ERINFILSE FhAbXBEAIR) A 451 P
o LA T RAES,

Hok, LFRM Langchain ERME S H R A, X T ALV FIRIK, SHESZERRY
R, EFEERHRAFEFHEINTRK, ERFEMFREAAZTER T, OFHEIZLKR
ek, ERT SRALEITL, BT NM, FRAIAF SBEIRBERFTEESLE, BB RKAET
AR R RNE M RSB NS, HERAME LW E R LS4, I, EERREL
EEgpFeiti b, B EAFBALSEIEENTHTRERE, QFF L RFMMAK, BALBERNY
REVET A, AR E FAURAT R, FEAREH TR ANLE ) BATRSE, AR KRR
BXHAL, FBRXTEFRE, B, RZ2A4F57 000N, OFFHEINF ML, BATRE
XE, BAM RS RELGES, EREFLE RN Ffef P T L, E@THERIT45, %l
WA FAE R, SHENERIE S EAHRRE, TS AR THBIEE, BRI,

G, XFBTFHBIELHRREETERAERERG AR, ELT S HRKERNE R AR
P, AP REZWMAZRARAF, RESESFERR, SHMKERKRANRER | FH A RRET
W, FRAERFEAGED T A LAR T LA WAE, RATRA PRI B AR, FREREY, AL
BRGERERT X, ZELIEZRATERAERNHLE, KILTAZREREOHR AL, EXLEREKE
AR Ao F IR TR, AR5 H 80% ~95% WIALRY, RILTEREF L EFERERTEOGEREKE A
Fa 2 FANAE,

KR FRAR, SRERAK, ERXALER, KR, ZHS

1. ERFRHE R (5 B R 5 LR A TR S s

1. National Key Laboratory of Information Systems Engineering



RIEBVIRH L B REAR N EEFH R AERAESR .35

A Framework for Multi—agent Military Requirement Generation
Driven by Large Language Models ( Extended Abstract)

LI Jia—Hui' ZHANG Meng—Meng' CHEN Hong—Hui'

Abstract The generation of military requirements for joint operations heavily relies on human experience and docu-
ments, which struggles to effectively process multi—modal information, such as video and audio. Moreover, the
process demands a high level of expertise from military professionals, making it difficult to ensure completeness and
precision. These issues directly impact the efficiency of military requirement generation and the quality of combat
system design, necessitating innovative approaches to requirement generation. This research draws on the concept of
LLMs—driven multi—agent collaboration and introduces multi—agent technology into the field of military requirement gen-
eration to address practical application issues of LLMs and simulate the decision—making process of joint operations.

Firstly, this research constructs a multi — agent collaboration framework aimed at emulating the various
modules involved in the military requirement generation process. The designed framework consists of three main
modules: the User Input Module, the Multi—Agent Module, and the Toolkit Module. The design philosophy of
each module is as follows; (DThe User Input Module is responsible for defining system objectives and inputting
multi-modal information resources, providing a data foundation for the framework’ s operation. (2 The Multi—
Agent Module is the core of the framework, composed of several agents that work collaboratively under the drive of
LLMs to jointly accomplish tasks such as multi-modal information acquisition, simulation of expert discussions,
and generation of requirement lists. @) The Toolkit Module provides auxiliary functions for agents, enhancing their
capabilities in specific domains. This module includes tools such as the arXiv API, multi-modal information pro-
cessing tools, and search engine tools, which agents can autonomously select to complete tasks.

Secondly, this research employs the Langchain framework to construct the multi—agent system, designing
three types of agents; Multi—-modal Information Acquisition Agent, Military Expert Agent, and Military Data Anal-
ysis Agent. The design philosophy of each agent in the framework is as follows; (DMulti—modal Information Ac-
quisition Agents: Integrated with multi—modal processing tools, the agent can comprehensively process multi —
modal data such as video, audio, and text. With the aid of LLMs, these agents can understand the content of
multi—modal information and perform logical reasoning and analysis. Additionally, the agent possesses thinking and
memory capabilities, enabling it to engage in question—and—answer interactions with users regarding multi—modal
information content. @Military Expert Agent: Connected to search engine tools, the agent can learn military do-
main news and generate viewpoints. It also has access to arXiv, using LLMs to comprehend literature content and
gain knowledge about military strategy, tactics, and weapon systems. (3) Military Data Analysis Agent: With
access to arXiv API, the agent has the ability to retrieve and analyze open access papers. Integrated with profes-
sional search engines and mathematical tools, the agent can quickly identify the requirements of search tasks, ex-
hibits high sensitivity to data content, and directly performs data computations to reach precise conclusions.

Finally, this research validates the effectiveness of the multi—agent military requirement generation framework
through an experiment. The experimental results demonstrate that when the multi—modal information capacity is
within the maximum processing capacity of LLMs, the framework significantly reduces the time consumption for
military requirement generation, with video resource time savings accounting for 80% to 85% , and audio resource
time savings ranging from 90% to 95%.

Key words requirement generation, multi—agent, generative Al, LLMs, multi-modal
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Research on the Application of Large Models in Army
Tactical Chess Simulation ™

LIU Da-Yong' DONG Zhi—-Ming' LIU Zhuo-Li' QIU Xue—Huan' FENG Qi—Qi'

Abstract With the rapid development of artificial intelligence technology, especially the rise of Large Language
Model (LLM) and multimodal large models, their application in the military field has gradually become a re-
search hotspot. As an important tool for deducing complex situations, assisting command decision—making, and
conducting training, the combination of military chess deduction with large models demonstrates enormous
potential and innovative space. On the basis of summarizing the current application status of large models in mili-
tary chess deduction in the past two years, this paper further explores the application framework and prospects of
large models in army tactical chess deduction scenario generation, guidance management, human—machine con-
frontation, intelligent agent modeling and training, and provides a rough development process of Al Agent based
on large models, providing inspiration and reference for expanding the deep application of large models in military
chess deduction.

Key words army tactical chess, scenario generation, intelligent agent modeling, LLM
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Application of Collaborative Reasoning between Large and Small Models in
Position Deployment and Firepower Distribution ™
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Abstract The fire allocation and deployment of multiple weapons can significantly improve the operational effective-
ness. Traditional optimization models struggle to directly address combat missions described in natural language and
fail to rapidly integrate complex, ever—changing battlefield information. Furthermore, employing large models like
GPT independently still can not solve complex problems such as fire distribution. We combine the deep comprehen-
sion capabilities of large language models with the computational efficiency of conventional optimization models, pro-
posing a collaborative inference method based on a cascade of large and small models. Experimental results show that
our approach can improve decision—making efficien—cy and accuracy.
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Enhancing Conflict Analysis Based on Large Language Models *
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Abstract The rapid development of artificial intelligence has provided new opportunities for innovation in conflict
analysis. The graph model for conflict resolution (GMCR) is commonly used for conflict resolution. However,
traditional GMCR has certain limitations when faced with complex conflict situations and vast amounts of conflict
data. This paper proposes a conflict analysis application framework based on large language models (LLMs) , ai-
ming to leverage the powerful natural language understanding and generation capabilities of LLMs to enhance con-
flict analysis. It subsequently introduces the technical implementation of key components, explores the potential
enhancements and examines the possible risks and challenges.
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Abstract With the rapid advancement of artificial intelligence technology, multi—agent decision has become cru-
cial for military decision making and combat planning, evolving into a paradigm integrating reinforcement learning
with large language models (LLMs) like GPT—4. This integration significantly enhances agents’ perception,
cognition, and decision in complex military environments, surpassing traditional methods in adaptability and effi-
ciency. This paper examines the principles and limitations of traditional multi—agent decision methods, analyzes
the integration of reinforcement learning with LLMs, and explores its potential military applications.
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Electronic Device Document Analysis Based on PP-LCNet Fine Tuning
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Abstract When designing a circuit, engineers can obtain information of electronic devices by browsing a large
number of documents, which is of low efficiency and heavy workload. Automatic document parsing by artificial in-
telligence can greatly improve engineers’ efficiency. However, the current document layout analysis model is aimed
at various types of documents and is not suitable for electronic device documents. In this paper, PP—LCNet net-
work is used to realize the document layout analysis function in the large model for document analysis, and the data
set of electronic device documents created by myself is used for training, and a model suitable for electronic device
documents is obtained, which can divide the contents of electronic device documents into 21 categories while hav-
ing a good average accuracy and average recall rate. It also greatly improves the speed of model detection.
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B (title) . F#% (table) . K H (figure)
PLEFIER (list) T8, SRMIN T i 7 a8 14
SCRERY AT SR U, SO A B 45 Ao R T
TR A E 2 RHEEMMEN, W
e, KRR R AT A o e R R B N 4,
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RS 3 & 18 TEM, (HAE R
AR rp G2 HAZE N SOARFR I3
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CNN'?' | Mask R—-CNN"*' | PP-LCNet,
Hi, PP-LCNet J&— /3T MKLDNN f9
BRI R PB4, JE—A-RE N
HT 2 E5 MR EHNsER, K14 PP-LC-
Net P45 (1) IEA G 1

1 PP-LCNet W24 3AH 1

2.1 H-Swish &iFE R

— M, 2 BB eRECR Sh

°F tanh, Relu, Sigmoid, i 4 bert H

Gelu PREL, X A SO AT T — i L BCHT 301

B80S PR H—Swich' | & & % Swish 3

R S, A (1) KX (2)
B

H - Swish(x) = x * ReLU6(x + 3)/6

(1)

ReLU6(x) = min(max(0, x), 6) (2)

Y Swish PR ECAH L, H-Swish 5| AT

— A LAt 53 B pR AR I AL Swish PR

BT AR XA Ltk 43 B R Bl 1% H -

Swish HA B @& H i EIE A, I HE—

EREE B TR . H-Swish pRACE

A ULUF RS, fEf A K Uy, H-Swish pR
BARFENEME R, W T 55 r
il s FEHT AN IERE, H-Swish BRI T
Swish PREL, HAAELLMERRME, BT LI 4F
U GEE AN S (T

2.2 SE #&h

SE (Squeeze—and —Excitation ) 154t &
— T R A R 8 8 PR SRR R )
AURTHR  BAT LA N b 5 T T Y
PHEARIOC R . SE B R 1E KR 432
55 i, ARt w] LA F HAth 155
PURSEAESS, G F AR RS oy

SE B %0 AR 38 2o 27 2] 1593 4
ANEIE R ARLE AR5 I 3k A 0T 3
FROESEAT OB MAL, B AL E P
B, w2 pos,

JEARBT B (Squeeze) : fEX—H KT,
SE BiHu il i 42 R Ak (B
38 WP ) K A RRE [8] Y 2 8] 4E
JIE AR Ry — i A 4 FE 0 T i 3K A )
FoR T EAGEE W2 RAE R B
Bt (Excitation) ; fEiX—2FRr SE fiik
WA RERER (BEERZ) X4
SR mE AT BRI T
FEARZERE, 55 A2l M T AR EA
T A, 3k S A A A T R R (Gl
HOE Sigmoid PREY) #ATIH—4k, DLRIE
T A3 T Y E B

5, SE BEHuff X S6 i 16 AL E 5 i iR
FRAE AR, DA T S 30 38 15 20 ) R IE 2
BOINAL . 3% A ACRT LB o ) 2% 1 35 36 g
J1, AT 2% T fi0 OC 1 i Y R AR GE 1A
MR E SRR IE, ST L8 TR

SE #EH f51 A T] LAFE 85 b 2 55 A0 7
B FPSAT S5 I HER 1, BRI R
G BT AT o 28 2R rh g e e AL ot
TESE R R
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JEEBRMARZ M RMEZEEER, A
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1280 4t . K/NH 1x1 (A%, X ffif4
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R,

3.1 HiEAhE

ARSCHPEE 2 A C A FR R T SO
Hutl , md Xy 3796 5Kk A HL g SOk
AR #EAT 208, BRAT T 2500 0 SR | Fr
R BN Ak T TR A A
R, PR SER B AT N T AR, 7
FNAEFEATA Sy, B0 R D RERY AN TR
AR IE R o I REAE R AR R
HHES{& IR gl e I =Y I S I
RAFEL REEEL 3D /n L 5l 44 Fr
B il S SIRETEM A AR
I €2 v I 16+ S O
PATR A5 R0 B 18 A i F2 2R

(1) THREMER . JB/R T HFahr o
RELLNER r FE 1 Z MBS &, T3t
PR AL RN D RE B A J) 43

(2) WA, BRTHTHERARS
AR . BRERSI BRI R, AT
VLI TAE AR Bl s il 12 4

(3) FFtEhE . BoR TR TR
FE SR 2 i A SCH A 2 AR AR AR T AR TR Y
Mgk, HITULHIRRR A PE RE FARAE

(4) BFE. #id TR TFHRERRS
HORTRNE 55 B B () U5 AR X B 56 2R
FH U8 BH s 7 32 4 R s T 200K

(5) HEKE. BR TR TN
H S AT A A A Ry, U B i 1
AR,

(6) SIME. JER T T IEms
M BE R A R, T Ui 1F 5 45
W,

(7) TRERSTE.: BRT a0
PR ST RN 54, F T Ua B 2R R
<TG R 2 K

(8) RFEE. Wor THFE (s
FREEECE , T UL S I fifs 5

(9) 3D K. U=%FIEELE
N TR AN N A, TR
HETE A 28T AR AN S H A5 E

(10) SRR, R T HF a1
SR g5 RGN D RE R BT, T35 Bl
FP IEff AR

(11) tric &l A de 0 n & A3
SYECIIREES AR IC, T T s
fif

(12) ARUE. JBR T HF a1 SE b
SO R B R, T4 B AR A 0
LAY

(13) DifgiEME. #iR THF a0k
R A B DO RE AN I8, T B 25 77
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i AT B AR T 1

(14) fiJm Kl o 1 d kN
JCPER AT R A 7 3, T Ud B H B A
A8 A1 J RN 6 1)

(15) BAESSHIE . ik T 581
WEREE Y RN OC &, T B I s 1Y
SEr Ay =

(IR0 R 55535 M O B N1 % g R
ARy 2R, DA R 2 B R TR ) o S
ARWFERL, B ILAT 0 5 BT Y text SUAS
MRz B R i, (H2 2R picture 5
1K, 2B B R Ze A P A ST R 14
BRI AT RE, P, BEHN T figure Il text FY
HC s R A AR 22 (AN B BT K Y+
oy Z—m AT

TEWRESS Bk Z e, Rt s
PL json MYTE R iy, Jf¥ HFL 4 COCO
B nrs =,

COCO HHutE iy RSO I8 7 LA
F 2B images. annotations, categories,
B S R E AR R, JIF DL ik
BT ARE,

H, images #80 & A £ 8. K
BifF B LA B J id,, anntations 7R FR i SC
e Vs IR RIbRTER B51R, Btk
— A HARMERPR TR, S TR EIbR
0 e AT AN N S D R I VA K =3 S
JUE id, JCEXT IS id, categories £
T RN FRUA T R id, (EA R
&, TR ERFEPEEEITRE A
BERAPRLLSOTR K TS, LI— DR IE
AR [x1, y1, w, h],

3.2 REHZHER

AW 5T 5 FIr 345 1Y json SCAFEE AL Ky
COCO e BIELEZ 5, LA PaddleDe-
tection ¥ PP —LCNet M 2% 34731145, VIl 45
LSRN 1, £ 2 i, LK H HER K

D25 5 ST 25K B T35 4 [ R R A7 1
fili, SFIIRERE (AP) EEME T RORTE
JE1URH: (False Positives) BYIENL T, W%
IEEA IR HPRIIBE ). = AP R A
BRORITE 224> '8 A5 B 1 (T B A8 48 47 =5 K
B P E R (AR) FEE PR T LA
FEATRIR A H BRI, AR 4R 3] L PR A7
R EPRBIRE ST, & AR (B IRE RBAE
TR BRI S T AR RE R R 2800 AR
x1 FHBEEERE

IR loU IR/ | TR B
100 0.50 : 0.95 All 0. 665
100 0.50 All 0.711
100 0.75 All 0. 686
100 0.50 : 0.95 | Medium 0.73
100 0.50:0.95 | Large 0. 666
100 0.50:0.95 | Small -1.000

x2 FHEEERLERR

N Rk IoU RII/N | A R
1 0.50 : 0.95 All 0. 655
10 0.50 : 0.95 All 0.915
100 0.50 : 0.95 All 0.916
100 0.50 : 0.95 | Medium 0.784
100 0.50:0.95 | Large 0.916
100 0.50:0.95 | Small ~1.000

MEHRRT UL B, 7E ToU B{H K 0. 50
B, SEXRSEE R 0.711, T 7E ToU [ {H K
0.75 if, F-EAEE N 0. 686, X £ W1 H
) ToU A, HER A PERERS A T I%
XA ] R AE A [ S5 KR AT R R
W, MK 100 B, SEEH BER
IREN T 0.916, i HAR Y GE 42 A7 25 Hb K
BT HAR,

XFFHER/ NI EFR (medium) , A
MRBELY, YR IREIT 0.730, F1
BIFRAEARR B AN TR, #BiEE
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0.9, RIUIBATERA BHAR K/ LA B
RTINEE S, X T/NEdR, BARURERIRHER
PRIPERERE, W REE KA SCARAT Ry 4
/N B B AR B
B 5 % FH B9 Faster R — CNN L K&
Mask R—CNN #F47 T X b, & R (kG
FE . A RARA 2] T T, (HEE TR RCR
AR, (R EER R T RS T4
(143 B DA R T Y R, Nk 3 R
£3 FEEELE U=0.50 : 0.95,
area=all B{E R THIRM

AL Z R SFIREEE | PR AR | B )
Faster R—~CNN 0.612 0.816 12.3s
Mask R-CNN 0. 634 0.852 15. 65
PP-LCNet 0.613 0. 844 1.2s
PP-LCNet 0. 665 0.916 1.2s

]I, ASBIE SR AR Y 1 T 45 2R 5
MR ER AR, AT LR BAR AR
B 5 LatoytLMv3 #& A Dit £ 81 DL &
PaddleDetection JFUAR B 1) T 5 5 AH 22
K, AR AY B2 (&1 R 8 240 53 Fh 2
Mo Tk, #E5 Faster R—CNN R 4511
X, fEEE R R, SAh, HEEN
&, TERME R, AT A, X Tk
KR R B3, AS B AU il 75 B2 (0% I (8] K 24
1. 2s, /N HAMA LR,

GGOoRAE, BORNAE ARSI AN E A7 B AR 7
T B R 4F, EORS AT B2 AT 1K 2 8w 1)
50, FIREE W TEUE £ E R 1R
PR, (R AT DL 3k 1) R At A5 AL 3K R 1) i &
By B ROCR HL A TN R 7 T B
Gk,

4 ik

AT 3T PaddleDetection fEZE ) H

FrASE I 455 Y E A7 T R U R AEAL, B
FEANAL FL 28 1 SCRS A JR 43 B v e B AR
HARK R, o ah R, B alfE £
PR AR R B A, JBR T RIFH
5 6

"o, WPYIKSE (AP) SKFE, 1EfT
A HZEA, A RS ToU B AE 8
Bl (0.50:0.95) N, BIRIEAE T 0.665
PP EAE B, X R WA T A 25 5 7% TEOR W]
(4 ToU [ELS, T3 fE OR45 25 e 14 6 0 o it
PE, TERFE ) ToU BE T, BERIZE ToU =
0. 50 ARG RE R 0. 711, 7E ToU=0. 75
IR Y8 B o 0. 686, HE— IR T
RUTE G0 Bl 19 ToU [ B F e P A mp
SEPE

PR EAR, BRI &R
INEFR ERRIIC AR, R Rk #
7 0.730, WMTEK B b0 F YK B R
0.666, #R1MT, XFF/NEAR, AR
FARRMEREEUE, v REJE T SCR A R o
Fref BArie 5800,

WA R (AR) WA EE, BRE
BRI 100 I, T4 ToU R{E G
Bl (0.50:0.95) WIHFEHH BIRER T
0.916, FIBRIRRIZA LB H K Z 5
P E R, TERRRINECKH 1 F10 B, FiR
(734 13 111 24 31 A 0. 655 1 0.915,
AL TEA TR R S0, BEAL R A 0] fig
RO R 2 A RS X T K B #r,
B -3 A [ L R AR 3 T 0.916, 11
WP H AR IS5 A 1Rk 0. 784, FRUKIIE
BT BB R B AR A R,

[ 28 3 % L g % & 81, PP — LCNet
BT A -0 B DA RT3 TR X b
Faster R—-CNN P M Mask R-CNN A& — &
FEREAERTE, RN LA R A5 5k 1 g 9300
IR B A B R, X T2
VU L T 28R SO i o B ok 1, B & E
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BRSO RS B, AT RE AN Ui 384 i 4 40 4 10 %k
o BEAh, i AR E 22 U R AR
PRI, A7 B — 20 2 B R A R 2%
SRR SR A 55 TR BT

£ STk

1 HUANG Y, LV T, CUI L, et al. LayoutLMv3.
Pre—training for Document Al with Unified Text and
Image Masking [ C ] //Proceedings of the 30th
ACM International Conference on Multimedia.
2022.

2 b, sk, How, 5. # T Faster— RCNN
GRIE 2 ) L RN EORAE ST [J]. Hlas
A7k, 2024 (3): 98-102. DOI: 10. 19609/
j. cnki. ¢nl0-1324/tp. 2024. 03. 019.

3 ZHOU Y, HUANG Z, LIU X, et al. Water
leakage detection and its application of turbine floor
equipment based on MaskRCNN [ C] //2022 4th
International Conference on Artificial Intelligence
and Advanced Manufacturing ( ATAM ), Hamburg,
Germany. 2022. 567 - 572. DOI. 10. 1109/Al-
AMS57466. 2022. 00114.

4 CHOI K, KIM S, KIM J, et al. Hardware —
Friendly Approximation for Swish Activation and lts
Implementation [ C] //in IEEE Transactions on
Circuits and Systems II; Express Briefs. DOI: 10.
1109/TCSII. 2024. 3394806.

5 WANG D, SONG D, TANG G, et al. A Fault Diag-
nosis Method for Rotating Machinery Based on Com-
pressed Sensing and Deep Convolutional Neural
Network with SE Block [ C] //2022 Global Relia-
bility and Prognostics and Health Management
(PHM~-Yantai) , Yantai, China. 2022; 1-6. DOI;
10. 1109/PHM-Yantai55411. 2022. 9942124.



ETAEE RAG R SIE B EREE 477 A
PO R R

W OE ASESLSHEFI, EEL, FRLFEARGEER, X4 LS FTHELLALTERL
TR RB L7 ERAFTERA R AR T, REFRREA L2 LHOAN R+ ReiRg Rt
Ko R RAELA & A AR R RV E fmif e R IR AR, ERF XA MAR 3545 minth k38
BRIRS- AT 0g 2 AT T, DI RIE Y AR AR E%%ﬂ%1éAﬁ%%WﬁfxiﬁmﬁOE%,&ﬁT
— AP IR T RAEA RAG A5 35k a7 ahid Sy ok, SRIRER], i@ ad B & RAG M Ak K i@ 4% 7 & £ KAt
A Jo 2 A R IR R,

KR FEg, RER, #A, b kige

Intelligent Operation and Maintenance Method Based on
RAG Fine-tuned and Enhanced LLM

LIN Bai' GAO Jin-Jie' LI Hong—Wei'

Abstract In response to the urgent need for upgrading the digitalization, informatization, and intelligent management
of equipment business systems, the equipment business management information systems can use intelligent operation
and maintenance methods based on large models to improve management efficiency and level, adopting the comprehen-
sive paradigm of fine—tuning and expertknowledge on the basis of the open—source large models. However, specific do-
main fine—tuning is not sufficient to stimulate the effectiveness of RAG for the LLM. It is necessary to align the instruc-
tions in the fine—tuning stage of the LLM with the instructions in the RAG application stage, for training to develop the
ability of the LLM to follow the instructions, understand the professional knowledge retrieved and then embedded in
context, and generate feasible solutions. Therefore, an intelligent operation and maintenance method based on RAG
fine—tuned and enhanced LLM is proposed. Experimental results have shown that offline RAG fine—tuning for the LLM
can significantly improve the effectiveness of online RAG application.

Key words AlOps, LLM, Fine—tuning, RAG
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SR B 3 2 R R S N 5 Y KO
RBLO(LLM) 76 55 B0 45 b ik f7 it —
UNGRI o B 5 RS RG 2R 1 8 AR 55 2
FE RS &R AE 1 LLM SCA AR il 5 4, K
BT BB I8 4k 7R 4t 3 4k KA Y S 32 il
B A KA AR 55 PR A A, JF HAE R
BREAS Y 2 B BE SR BRI R 2R 488 50 1ol 18 5
Jitl R $i v AR 7Y i 55 B B 1 1 IR R 4
SRAETT

1.1 KRB RIEERFA T X

R T i A% G KA R K R B i A A
PR bR SO B A 5 R AR A ()
W, 2 B KRR B By, SR A LLM K
BRI B A B 7 A 1 RAG AR 23
SRR AE AR, I 25 RS 1Y) 32 2t 48 4 IR
B . 324k lb AR A R R nT AT Rk
HRETT .

Bl 1 R Reis gt R G AR ]

1. ORMAME

TR H &R E, Wi
IR R BURITR PR R R, WSO i S
FIRFEGI 25, i RAG feREEA, 5l
A LLM AR Y 5 o Prompt F8 4 4 Bt
NS85, Yt Rk — LB e s
0, HRE A IR, HT I, iR
Ko GRS E AR BN

Instruction :

IRRE—A B YETT K TAREIN, AT LIAR 3
e H SRS H SR G L MR R 4
WIS WA LRI R IT SIS, A

T7 AR TRt s BV HE P i A7 e 2 b
RIS, ATLAX RSy 2L, R

B HAENAEIT
Hi

1251 - Client does not support authentication
protocol requested by server; consider upgrading

MySQL client

Hir
W B BHICH B R NE, S5,
i

BFRIPIRIE N




ETRRE RAG RS RN R BTk -85

OF+ % navicat JK5l; @ mysql 778 5§
T I ) 35 B mysql _native_password, J7
KOFFE Win+R, A emd FIIFar24T, #EA
MySQL #Y bin H3%, #RJ5Hii A mysql —u root —p,
AR S, HIRLL R A B i aT

ALTER USER ' root ' @ ' localhost
IDENTIFIED BY 'password ' PASSWORD EXPIRE

NEVER; #{& & fin s s

ALTER USER ' root ' @ ' localhost
IDENTIFIED WITH mysql _native _password BY '
password '; #5F1— T H %0

FLUSH PRIVILEGES ; #}iill # A FR

LR AR 2.

Jitk—

B EA root % 7 =X

1. A7 root BCHAH]F 5 B A 7 X

[ root@ centos7 ~ ] # mysql —u root —p #
S mysql

mysql> use mysql; # P mysql HEE

mysql> select user, plugin from user where
user="toot';  #AT A root M JIN% F 2

2. B 77

alter user 'root '@'%" identified with mysql_n-
ative_password by ' 123456 ";

mysql> select user, plugin from user where
user="root ';

k=

wm P, A B E S s Ak
mysql_native _password, J FL 45 & % & 17 [] £
BR, SRR XA P AT LG

TR S A P

CREATE USER ' mjh '@ '% ' IDENTIFIED
WITH mysql _ native _ password BY ' 123456 ';
GRANT ALL PRIVILEGES ON #. * TO 'mjh'@
%',

#HH#

TR F ARG Y & AR R T A
[ RIOR IR ¢ H SR A oy 58

Output ;

MRS AL R AR B AL MR EE, IR
JEEFXT “1251-Client does not support authentica-
tion protocol requested by server; consider
upgrading MySQL client” %8R [ ff P 7 %8, $%
PR A DA 2 IR

Jr%E—: B MySQL HI 7 5 i il 2% i AL
W) (R T HENE)

XA T7 G T RN fifp R 2 P i A1 I 55 4% i
NI &N IR ]

1. 8 SH| MySQL iR 55 %

mysql —u root —p

B NS HEA MySQL #4847,

2. I3 MySQL % &

use mysql;

3. EREA P RIE T (4 root FHFY)

ALTER USER ' root ' @ ' localhost
IDENTIFIED BY 'password ' PASSWORD EXPIRE
NEVER;

ALTER USER ' root ' @ ' localhost
IDENTIFIED WITH mysql _ native _ password BY
' password ';

X HLAY " password ' T5 B A IR Y root
FA PG

4. RIHALFR

FLUSH PRIVILEGES;

g BIEH A mysql _native _
password JIIZE (W& A AEME)

WG UIA F - g Jr 2R A 47, WL
Bl —AHHI

B E] MySQL k54 b (BIR[FIL L) .

BUHEH P Of i e i AN 7 =X

CREATE USER 'new_user' @ ' %' IDENTI-
FIED WITH mysql _native _ password BY ' new _
password ';

X B ' new_user ' Fl ' new_password ' 77 5
Bt A R AR B A P 44 R RG

SR P AL

GRANT ALL PRIVILEGES ON . ' new_
user' @' %',

FLUSH PRIVILEGES;
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XFF Navicat 25 %% = & T H., FH 8 &
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X P AT % i, BRI TS MySQL
TR 55 4 LA A I 2 P hLAR

e =

TELPREEET, B ey My
FT, RO ERTEFARE P, M
AR RIEME N

FEFF R P80, HEN
FEMBAHP, FREZEQEHHT, #
XHE, CHTERESE, RN TWAEE
R, I T A IR,

IR AR Y, MR Rk K%
BT PR A D e f () 5, 2000 SR () S0 4TS 9K A
15, FIRETR Bk — A A % 7 v Rl IR 55 2% B TiC
B UAS S NG O

2. SRR T ik

WIFERM], KB & BRAE B XS T WAL
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ERROR Exiting Kafka due to fatal exception
during startup. (kafka. Kafka $ )

kafka. common. InconsistentClusterldException ;
The Cluster ID CaoegNzgQImpRIG —dpg7SQ doesn’ t
match stored clusterld Some ( HyzBmmDkQi —
K8AilXFgiaA) in meta. properties. The broker is
trying to join the wrong cluster. Configured zoo-

keeper. connect may be wrong.
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Al RAG 1A Sk R AR FoR &0t K
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B, R 1A, 2 RAG M5k
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2. TE4R € 1Y log. dirs B 12 T, £ me-
ta. properties S,

3. T JF meta. properties 3C 4, % F
cluster. id J& 1,

4. ¥ cluster. id M {EAE 2 R 4208 Hh Y
Cluster ID ( Bl CaoegNzgQImpRIG-dpg7SQ)

5. PRAFSCHF IR H e A%
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)

MR TT S —TCRL, B R AT 2 o] v
BB Cluster 1D, 7] LA A BR .
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Intelligence Cognitive Analysis Technology based on
Retrieval-Augmented Generation

LUAN Zhen' WANG You—Chen'~ LI Nan® LIU Bao—Qi’ FENG Fan'

Abstract This research mainly focus on military information analysis such as report generation and plan recom-
mendation scenarios. In this article, we have developed a large language model based information retrieval para-
digm, which include a knowledge base about historical events and regulations. By using multimodal data unified
representation and cross—modal indexing, the method is able to strengthen the external knowledge availiablity fac-
tor. The information retrieval paradigm is optimized to improve the efficiency of intelligence processing and
decision—making, supporting intelligence management, analysis and response in real world scenarios.

Key words intelligence analysis, large language model, retrieval augmented generation, knowledge base, so-

lution generation, solution recommendation
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Automatic Generation of Complex Problem Decomposition Flow
Based on Large Language Model

LI Min' NIU Chan' YAN Lin' FAN Zhi—Qiang' XIA Xiao—Kai'

Abstract This method aims to use the large language model to automatically decompose the complex system de-
sign—related business problems into specific sub—problems and processing step text, and then extract the entity el-
ements and cohesive relations in the text, and finally form the business flow diagram model. In this paper, an au-
tomatic generation method of complex problem decomposition process based on large language model is proposed.
Resource data storage based on three—level text summary, question and answer interaction based on question rule
elements, entity relationship extraction and result evaluation based on large model set are adopted to implement the
method. Finally, experiments are carried out with a concrete case, and the results show that this method can effec-
tively realize the automatic generation of decomposition flow for complex problems.

Key words complex problem decomposition, automatic process generation, large language model
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\begin {algorithm} [ H]

\caption {34 4% H AL AT 55 EARI

\begin {algorithmic} [ 1]

\Procedure {EntryParsing} { § document $ }

\State $ entries \gets \emptyset $
\ForEach{ $ paragraph \in document $ }

\If{ § paragraph \ text {matches regex for
chapter number} § }
\State § entry \gets \text{create entry
with paragraph and chap- ter number} $
\State $ entries.add(entry) $
\EndIf
\EndFor
\State \Return $ entries $
\EndProcedure

\Procedure { SummaryExtraction } { $ document, entries
§}

\ State $ summaryDocument \ gets \ text {extract
summary from the entire docu- ment using large language
model} §

\ State $ summaryVectorDocument \ gets \ text

{convert summary to vector using pre- trained model} $

\ForEach{ $ entry \in entries $ }

\State $ summaryChapter \gets \text{extract
summary from the chapter in entry using large language
model} §

\State $ summaryVectorChapter \gets \text
{convert summary to vector using pre- trained model} $

\ State $ en - try. updateSummary (summa-
ryChapter, sum- maryVectorChapter) $
\EndFor
\State \Return $ entries $
\EndProcedure

\end {algorithmic}
\end {algorithm}
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\begin {algorithm}[ H ]

\caption {5 2% ] b 2355 )

\begin {algorithmic} [ 1]

\Procedure {ComplexQuestionProcessing} { $ question $ }

\State ] 45 4k ] B 7 2 “F # § question - Classifica-
tionDict $

\State H] i L KA § largeModel $

\State #IURLTHRAIEAF i S resourceDa- ta

\ State i ARABEHY 1 5] 25 4325 - i Xof
AR o 26001«

\Statex \hspace {2em} § classificationRe - sult \ gets
largeModel.classify(question, questionClassificationDict) $
\State R4k ) 873 2 45 SR AT Z R M
DU DG fE A7 i) .

\For {# ™2 2e 45 £ Sclass § in $classi -
ficationResult $ }

\ Statex \ hspace {2em } $ruleMatch \ gets
ruleMatching(class, resourceData) $

\EndFor
\ State ZH 2 H 7~ IRRAR

\For {FF/MEECEIAHN Srule$ in § rule- Match $ }

\Statex \hspace{2em} $ promptWordTem- plate \gets
createPromptWord Template(rule) $

\EndFor

\ State %55 5% IR FCHE SE 4T AH OC AR
R
\ For {fF A 4& /& i & R $template $ in
$ promptWordTemplate $ }
\Statex \hspace{2em} $ knowledgeRetriev- alResult \

gets knowledgeRetrieval(template, resourceData) $
\EndFor

\ State Hij A KIEF LA

\For {& ™A & 4 B Sresult $ in
$ knowledgeRetrievalResult § }

\Statex \hspace{2em} $ finalAnswer \gets largeModel.
generateAnswer(result) $

\EndFor

\ State iR [l ZAEE .

\Statex \hspace{2em} return $ fi- nalAnswer §
\EndProcedure

\end {algorithmic}

\end {algorithm}
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Design of a Framework for Automatic Generation of Military Plans
Based on Large-Language—Model
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Abstract To enhance the ability to adapt to complex environments and improve decision—making efficiency, a
framework for automatically generating military plans based on Large —Language —Model (LLM) has been pro-
posed. The framework is built upon military domain—pretrained models, and integrates technologies such as sce-
narios data governance, domain—specific model fine—tuning, Retrieval—Augmented—Generation, and intelligent
agent workflow orchestration. By leveraging the natural language interaction and tool invocation capabilities of
LLM, it can automatically analyze and understand battlefield situations, efficiently and accurately generate deci-
sion content, and provide intelligent decision support and execution guidance for military individuals.
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Abstract Addressing the issue of low translation accuracy in foreign military literature with conventional intelli-
gent algorithms, a military intelligent translation algorithm ( ITAfM ) based on a large language model is
proposed. This algorithm establishes a military vector knowledge base and employs the RAG method to compare the
similarity between the feature vectors of the text to be translated and the vector knowledge base. It retrieves the k—
top keywords related to the military professional vocabulary from the text, and enhances the optimal translation
matching retrieval method. Finally, it integrates with prompt word engineering to achieve precise translation. Ex-
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A Survey on Large Language Model based Intelligent Decision—-Making

WANG Qi'*" LI Xue-Fei'” LI Ting-Ting' WANG Jia—Kang'®> XU Yong—Jun'?

Abstract Large language models, as a novel intelligent decision—making approach, offer significant advantages
in terms of versatility and human—computer interaction intelligence when compared to traditional decision—making
methods relying on game theory, heuristic optimization, and knowledge. While current intelligent decision—making
techniques based on reinforcement learning excel in addressing competitive and cooperative decision—making sce-
narios involving multiple agents, they encounter challenges when applied to complex decision—making tasks char-
acterized by extensive discrete actions and continuous state spaces. These challenges include issues like subpar
learning efficiency, limited model interpretability, and a lack of generalization capabilities. However, leveraging
its robust language comprehension and generation capabilities, cross—task knowledge transfer, and efficient data u-
tilization, large language models can precisely grasp the context of decision—making tasks, user intentions, and
relevant information. By sharing foundational feature representations across diverse decision scenarios, large lan-
guage models enhance learning efficiency, optimize data utilization, and demonstrate remarkable adaptability and

generalization in intricate decision—making contexts. This capability opens up possibilities for the emergence of
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swarm intelligence in human—machine collaboration. In light of the transformative impact of large language models

on decision—making paradigms, this paper initially presents the current research landscape of existing decision

—making technologies. It then delves into the evolution and status of large language models both domestically and

internationally, focusing on prominent models like Bert, TS5, and the GPT series based on Transformer architec-

ture. Subsequently, the paper provides a detailed exploration of the technical roadmap, associated technologies,

and primary challenges associated with intelligent decision—making utilizing large language models. Finally, the

paper concludes with a summary and outlook on intelligent decision—making empowered by large language models.

Key words large language model, deep reinforcement learning, intelligent decision—making, chain of thought

technology, fine—tuning technology, artificial general intelligence
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Assistant Decision—Making Agent Framework Based on
Large Language Models

LI Kai'?> WANG Rui'® XU Xiao' GUO Sheng-Ming' TAO Jiu-Yang'

Abstract With the significant breakthrough of Large Language Models (LLMs) in natural language processing,
more and more researchers are attempting to explore technology in complex task processing, especially during the
war game. How to effectively improve command and control capabilities based on LLMs has become an urgent
issue that needs to be explored and solved. In response to this challenge, this article constructs a framework for
combat decision — making intelligent agents driven by large language models, designs basic components of
intelligent agents for war game, and explores the overall architecture, memory storage, task planning, and tool
invocation of intelligent agents in assisting combat decision—making in typical application scenarios. This provides
technical guidance and feasible solutions for adaptive combat auxiliary decision—making based on large models.

Key words large language models, agent, war game simulations, combat auxiliary decision—making
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Situation Awareness Method and Application Based on
Multi-modal Large Model
WU Xia'~  WANG Yuan-Bin' LI Ding' WANG Zhen-Jie' GAO Zi—-Wen'
Abstract To address the complexity of battlefield situations and limitations of single modal information, a

multi-modal large model-based situation awareness method for maritime environments is proposed. This method
leverages computer vision, natural language processing, and large models to integrate text, image, and time
series data. Through pre—training and instructional fine—tuning, it efficiently performs simple tasks like target
identification and threat assessment, building a situation library. Utilizing this library, the model further accom-
plishes comprehensive tasks like battlefield situation assessment, offering comprehensive and accurate information
support for military command and decision—making.
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Based on the Hybrid Retrieval-Augmented Dual-Tower Model
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Abstract Knowledge retrieval increasingly relies on vector—based methods to accelerate information acquisition
for integration within large language models. However, limitations in single — vector representations and the
absence of refined ranking mechanisms often allow irrelevant information to infiltrate, reducing the alignment of
answers. To tackle these issues, we introduce a Hybrid Retrieval —Enhanced Dual-Tower Model that integrates
multi—path retrieval strategies to ensure comprehensive search outcomes. Employing a dual-tower architecture ena-
bles multilevel sorting of retrieved results, considerably boosting their relevance. Additionally, enhanced informa-
tion, alongside the original queries, is fed into the large language model to produce accurate answers. Empirical
evidence confirms a substantial increase in retrieval accuracy, highlighting the effectiveness of this approach.
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Two—-Stage Retrieval-Augmented Generation Method for
Question Answering **
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ZHANG Bing' CHEN Xiao—Hui'"

Abstract This study proposes an two—stage retrieval—augmented generation (RAG) method aimed at mitigating
the challenges of domain—specific illusions in Large Language Models (LLM) and retrieval inefficiency in current
RAG-based question—answering systems. First, the textual dataset is converted into fixed—length word vectors u-
sing BERT; then, the user question is converted into semantic vectors using vector —based intensive retrieval
method and semantically similar contextual information is retrieved from the knowledge base; finally, the retrieval
results are re—ranked using a model based on cross—encoder architecture to prioritise the display of high—quality
snippets and filter out the low — quality content. Experimental results show that the two —stage RAG method
proposed in this study performs better in indicators such as hit rate and average reciprocal, which can significantly
improve the accuracy and question answering effect of LLM in question answering tasks.
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The Multi—Agent Pursuit Decision—Making Method
Based on Imitation Learning
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Abstract Addressing the issue that imitation learning methods are typically only capable of processing fixed—mo-
dal expert trajectories of similar quality, a hybrid imitation learning method combining multi—expert trajectory gen-
erative adversarial imitation learning and temporal difference error behavior cloning is proposed. This method can
be directly applied to reinforcement learning and handle expert trajectories of varying quality. Experimental valida-
tion of the hybrid imitation learning method is conducted in a 2D combination of static and dynamic target pursuit
scenario. The results show that the proposed method can effectively absorb expert experience, providing a good in-
itial model for subsequent reinforcement learning training.

Key words imitation learning, multi-agent, intelligent decision making, behavioral cloning
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Research on NL2SQL Technology by a Tri—Stage
Retrieval-Enhanced Framework

MA Rui—Xiang'~  GAO Hong-Kui' LEI Da' LANG Bin' QU Chong—Xiao'

Abstract To enhance cross—scenario, multi—topic data analysis efficiency in vertical domains, a Tri—stage Re-
trieval-Enhanced Framework (TREF) is proposed. Integrating database technology, large language model serv-
ices, and prompt engineering, TREF incorporates intent matching, structural similarity, and domain knowledge
retrieval to address NL2SQL’ s limitations in intent understanding and domain adaptability. Experimental results
demonstrate individual mechanism contributions to SQL conversion accuracy, with their combined application a-
chieving a 37% relative accuracy increase on a specialized military dataset. This study confirms TREF’ s effective-
ness in boosting NL2SQL usability without dedicated domain training, holding significant implications for military
operations and data—intensive applications.

Key words tri—stage retrieval—enhanced framework, NL2SQL, intent understanding, domain adaptation
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K, ABHNK | AL HFZRE,

Bn AP, U SCAS SR A A Y
BGE" % %54l 2 v SCSCATE g kA 118 L
fiE, 15 B Faiss ' i) i JE 0 47 R 5 44 2
W M ERR

] i A ], X A SCAS A FH SCAR R AE
iR BGE #4711 M iR AE, A Index-
Flatl.2 JU 4% 2% ) 1 5 R 5| 0] 2 A9 B iR
B, EBURAIEN) Topl0 G5 BEFTIR ],

HREIVCHEL, XA SCAR AT & 5y
J5, ASCGEH IR A S 5O A 1T
ZEEE, HIEAMHCEIER, R&E
B SR T 0.7 K MR B TOP3 %4
SR RE T
3.3.2 HEMEMEE

ZHITHET SR OB, R A
VAV SR X A AL 5 44 o R AT o SO OGP
F, PRBEAH OGBS PR S TR R
i, EETAERBEEME 3 PR, ey
REJRFE S FATAIE, 2T ok 2 BEXT AR 4%
BRI

|0 || A I | Efi
@
e SCARARBE [~ MDA RO

3 ML R T AR
MU R K B i A T i 45

PRI, e R AL AR TR e R
EE R, BT H B TR K
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1. AR 1

T

BRI, SehRIR S 2 bk

B SQL: select _count ( * ) from _
group by_ ;

2. AR 2

HALEE R . L

BEMR R T 03 3 90 500 1 i
FAFAME, & T BRI sSUEAg T

M SQL: select MIN(_), MAX(_),
AVG(_) from_where_ ;

I XA TR, K A A K
MrEE gtz R Soh, AR NS R i
= SQL Fe AL WORG HEBE . il dn,  FH ) )
“xxid B JREATH A 77 208 select_
count ( * ) from_group by_#{LL 4544 SQL
BRI Z FR SO g R R
3.3.3 AR R R E

ZHTTIR T T4l 55 i,
BEVSLEM 5575 500, B B ) P 2
AR AN 55 2 8 52 2 Y I 5, ST AR L
SQL MyEsfte, F 2 TAEm LRI AN 4 B
7N, HhSCARLE R A 8] A BT R
LM, b Ao 255k

[ | e | B |
&

I 2

SORAE || Sissnn

B4 ARsCRI PR S A 3R A AR A

SRR AL 55 A OGRS A
W, TR, il

(1) KA DL LG XGE |l
AL BB B MAFEE.

(2) A R fdi 1 2% 1P 5 22 IR L |
W1, WmfE B,

(3) xx 5y TAEZ 5 AL 46 2 0 T AR i
] PH2RE o 4 FL  RE  2

B A s A Fk . BRI A 2R
(4) 1& QI TRG fT FHXU ) T A 2 A
AT NI HFRER,
AR S, R AR 0 55 R T
AR SCHEAT O RS e, R dl
x.OTBOEFM RN,

PRt ISP i

=

4.1 BENAB

SEEEE IR B B AR PRIk 5
WENTZ, WERANREMR, SEERZ D
Br, &SR, WE T FE
[RIREZE RN SQL 45 K, My PRk il X4k 95 4
G IERATE, A8 SO AT T A 5 26
BRI R IR S E R
Bl fE, UM 4 100 45, Mt
SEEIHATH . R EEARIT . xx X xx
VB x x it 2 /e A ] x < &
[ xxx 53 A7 W &9

4.2 EMIERR

JPEAL TREF JrikiscR, A Sl IE
iR (Accuracy, Acc) VERZOIHETERR,
N orrect

N (1)

FEH) SQL B4 2 H 2 AT 45 A
[ RE A, AT 45 5 LB AR
T X AR A B SQL AT 45 S 5wk
PR SRR 3, A RHE A RE S
BRI, N, TRPATEER S TR S5 R
AR B FE AR B, N R 43l I ik A AR
it

4.3 SLIGEER

N T RUEA S AR RIL R E | AH
AZEFR R . SRR R A S, &

Acc =
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SCECE T 5 SRR AT I, TR SR i
BHMEEE R

SE 1 (FEMETJTIE): EH LLM -
NL2SQL HEHE, fifi F BGE 58 %o i 4 22 it
ks, HEHC TOP3 Z5 %= 1 F 3,
i IFI5 Baichuan RAIHIHELT SQL A i,

SR 2 (BEUETT B+ BERIIERAR) .
TEREMETT VA MY Rl b, X8 Rk R 45
PEAT R DL G HI WY, BEHR TOP3 45 R U5 n
£ T3, #HIFIR Baichuan KRB #E 4T
SQL A,

S 3 (FEMEDT I+ QU R )
FEFEWE T 1 0 A b, O Sl R R A T
K, SPCEERE R T 0.8 By SRR 45
RAIMZE FF3C, AR Baichuan KA
BIEAT SQL A2k,

SR 4 (BEMETT IR ML AR
FESEMETT D i SR b b, X A AL 5 A A Al 2R
PATIE R, SBCE R T 0.8 AR MR 25
Rz LT, i 7 I8 Baichuan KA
R SQL A

S5 (BEMEITIE+ ) . AEREEDT
tE S i O i A AN = N LY W B 51
PR ER ., MRS R AT, i IFE
Baichuan KAREIHEFT SQL A A,

AR 1SR, AT LA
THR

®1 XBRER

LBy Fik IER# (Acc)
1 R S 0.50
2 BT v+ 7 R DU TG 2% 0.70
3 FEAETT B+ SRR R 0.63
4 BT+ M USSR R 0. 60
5 TREF (B:HEJ7:+42358) 0. 87

(1) R GIAGERILECR R, MHLAS
Pk E . GURAIRA R B TREF J7 15808
I, IERHRESEERISET) 37%

(2) Fph5 A VG A A 2R ML
TR, BRI 20% , M4
i B WG R P e 96 2 Tl A TG S B 3= 7
SQL A= it B Hr iy FE 2k

(3) B | A SRR R ARG R BT X 45
RELARETHVE T, IE ) 250 A 5 o A5 70U 412 T
13% , A1 150 B 4l o0 PR 7 48 2 A2 1 SQL
AR EA EmER

(4) HUBRS | AHHARL 25 G 2R B o0 X 45
TR THER, IE R R KL v A R T}
10% , A1 158 B FR ARL 465 R BB B 51 AT A
SR T SQL My A LA IE mIfEH

g L frak, ASCHE T A TREF 5 v
AT SMAERN R, TERIIZGREN T
REMS G 3 3 Th RS A 45k SQL A= plg 1E
k.

S22 STk
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B OB A SEAEAMASS, RETEATALEETMARI G R EAE Tk, @R
g Ok Eh F) WL AL AT g 0 BAT R, Mrﬁ#}'&‘ﬁz’?iﬁ“lﬁ*"/%‘fi A AL N, REAN B RRF T
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SRR BATHRE, Z IR ARS8 SRAEKE TR LA AL P L AE 5B ATFE, FREREK
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Towards Input Perturbation-Based Uncertainty Estimation
for Multi—-Modality Large Language Models

JING Shi-Yu'? CHEN Wei"> GONG Shan—Shan"? ZHANG Xing—Hui'*> CUI Xing"*"

Abstract An uncertainty estimation algorithm based on visual-language input perturbations is proposed for multi-
modal model inputs. Input perturbations effectively probe the model’ s properties: if output fluctuations are small
when perturbations occur, the model’ s confidence in the output is high; otherwise, it is low. For visual input,
natural noise perturbation is used to enhance prediction entropy performance for uncertainty estimation. For lan-
guage input, a rephrasing strategy generates verification questions to correct prediction entropy. The algorithm is e-
valuated on advanced multimodal large language models using visual question answering tasks. Experimental
results show the algorithm significantly outperforms baseline methods.

Key words multi — modality large language models, uncertainty estimation, perturbation probe, trustworthy

large language models
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PAKIE B 28 o I 2k R S 4R 1 B B
TSR, O HEAT 5 LS A 15 5 B A A
AR, AT R 22 B AR B 2R AL B AR
N ZRESKIEE R AA ) Z i
A, 7ER RE Rl e, AN Z
BERIEFEE, NZZ%, ZHBESS
MFRE, PR 2R e il g0 B 43 A i e
BERVRUR v fEEHGURY, ZRIER
BT AT LIAE B AT 2R A O T A L, BE T
RN BB BRSO, i, AR
AP Ak BRI (R B AT IR AR AT
TEHE B IO, 24 AR, e
CEAWPAIRE S, PREDIRIE L T ECE . #
BETTFTEER, P BhAR 5 A ke
W, E A B R RO, L, 2
AR T B R EAT ) I ) A R i 55t B ]
B,

Bl 22 WS I 5 A 4 B FH A LA
Wik, AT ST B AN B E AR A B
B, JUHURAE — BB S PR AT 55 FZE 4 ] R
R BORBOCHERI MR, N, TEk
NFRGEGUE | A 7 M A T E KU B/
el m BRI, TARGAE B
THF AR PSR TR AN AT S A A,
R 2 0L B T AR R T £ 2R B A Al T
SREURSF RS E R, I, Al
EZEEOVNERSE R NN el d RS LB
HE

1 HRIE

1.1 ZEZKIESEHERE

EZLCOYNTESE U Bith e PN E AL LA
Wl (n, B ASCT) AR AR R AR
T, HAr WA RS EF R LlaVa,
Qwen — vl — chat, Otter %%, LlaVa ( Large
Language and Vision Assistant) H 7% $ i3

THLSEAE 2 O RS, 8 2 AR A T
PR B ST, i A e
FRESEN . LLaVa BERFHIFIRAY LLM
BER (LLaVa) MIZE A ZREEHE 4 06
B, 7 BT WIS LLM R 8 1
B BE J1, Qwen—vl—chat ( Large Vision
Language Model, LVLM) #5 BRI B )
Qwen—7B HFEVER B TR 2R AL
AP JR DS ViT-Visual Encoder, Jfifiid
A7 BB L BE T 5 i B %8 Position—aware
Vision—Language Adapter, FAL5E15 8 H 1%
G BE F B R ARG 882, (ISR
SRR S A, Otter BT S 1 3
T OpenFlamingo £ %I (1) Z 5 2 F SCH5
AU, IR TR EORIE B,
fEE T . BRI, 2R AL A G
FEE4 R 71 o 7K Y- HE BHLRE ) 7 TR W
BAF, XFRFZ B BT S0 2 R TR
BAES .

L2 SHSKBETRUOTHE.
fisit

TR BB 1 28 9 28 1) AN o PE Al 3T (Un-
certainty Estimation, UE) — i FH T & A%
Aty AT REAR T AR AN A R Ok
PEIEATR 53, A2 X 285 (R AT 2 7 R 43
AR ENE (Aleatoric Uncertainty ) M 7l
INFIARHEME (Epistemic Uncertainty) '
o, (AR T — ke B RS 9
B, BT RAEE 51 A8 H AR MRS
BN R B AN E P TS
EME—ok AR B filtn, NG PR
WIZRise B 5o & AR I 2R 80E . H AT,
AN AR T 5 AR EE 2 UCR AR T
IR 1Y 5 35046, 14E Monte—Carlo

Dropoutm*m . Deep Ensemble! 7!

SR, MR 5 R 25 AN E 1
TR BT R PE R, B, ZRERIET
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AU B B3 (Auto —regression ) 5 3
HEFTfR, AL BUARHE M AT Y b SOF R
MR — AN TT AR A A X B A
(4 2 T LT PR iy, Bl H H B X
it (Free—form Generation) . F5 %% Hin]
REH — Rl o4k, Wrl gk 2~ iond
B, AR S0 TR B it 2 T 4 B 1 2 i) — i
SEFEER, BN, 25025 M 2 ik o [
ERFRZE 2] (label space) ™, WATTE H
P B 2 R X AR R HE AT AN A T
S HRIPR R, HR, 2RISR R
BRIV, Z PR s i B AR i A, B — bt
SHAH B BRI E M, X233 A
TEPEMIZEIN, B m AR AN Al T Y
PRIXE  H R AS E EATARA T
RGBT Bt . Semantic Entropy (SE) 2
Se th b A R = T ORI AR LAY
WX AS], IR s i ORI E,
PEE TN B 2 R A 9 &R, Shifting -
Attention—to—Relevance (SAR) " #E—3L45
, BT CIEFIIR”
dancy) [WAETE, BEAYRAS H IR STAE TR X
Fik FIARZAEMRY, R, AuhE

( Linguistic Redun-

WHE L ERICAEE M, INSIDE > K4
TR PR AN [v) SR A 45 SR A Sl S AR DL BE B, O
DA I v Aty JBCHS R A A AL 1] R R AR
BAL gy 1 2 TR v TR 3k, SRR
TERURH AL T, Deg ™[R HE FI| A
U T BRI A E M, A
[, Deg KM T REIEA, Wit
FRAE AR RS (Jaccard) AU
BEL2T L SRS DAAZOREL 8 R0 o el BURRAE
FIVRFAE 1] 1 R A SC— Bk

2 FET M ATETERL T

AR FETE AN A i 4 A9 T AR 3
() 22 S K AE 5 BN o PG TR
WG, @il T 2RISR F LA rp
i (Predictive Entropy, PE) )& X, 1E
AN G A TR BR L Oy e, Ok, R
ZRERSHERIN M ARSI A E L. &,
AR FIE AL R 5L T A 3h i) 288
R VA TR . &1 AR SO i
HH R T A Bl S A E P A B
AR,

1 BT R A A AT E PEAL T I7 s 1A
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2.1 BEEXIESEBPHTNGE

AT T AR SRR Tp L o~ 1
H LAY (Vision—Language Model) [ AN
FEPEAL 3T, JF LU OE 8] 2 4T %5 ( Vision
Question Answering, VQA) > F_ i il
20T — T R R v DL 0 AN B S A
Wik, S — i 5B, & L—
MERE AR X = (x,, %) , HH x, TR
WA FELR, KR, x, Rz
ATPRSCAE R, B, Xz R i —
AL, SN X MIE#E R A Y
BB i A X A N B 5, B A
o

Z =1z, zp, =, zyf (1)

L, VA ZE S iR T EGE . R4,
BEARITEMERS S @ NMATT, 2, , BPBYRESR A
CINYEZ v F

z, ~plz 1 Z_,, X)(1sisN) (2)
K, 0 HZMEIBE SR SE; 2, H
BRI 2 R AT @ - 1 NEoT)P s, It
F, BERFEA AL Z AT (PE) AL
e SO I IIEA
PE(Z, X, 0)==py(Z)log(p,(Z1 X)) =
Z —p(z 1 Z;, X)logpy(z 1 Z_;, X) =

2 —plzl 25 %, %))
logp,(z, 1 Z_,, x,, x,) (3)
M (3) AL, B —Ff oken
FOER RN, %07 BEAT R Al A R
AT i hth ok A% v AR o AN B E R, T
R A 23R 3k B A R A W E
PEST L T B SRR AR A N S
R Rz, AHEETEBRAR, A SOR LA
MRRAE S B2 T i, W98 ane] 1 FH g A4
B R SO ARS B AN o A T RE

2.2 BEEXKIEFEINEAILD

¥y A8 (Input Perturbation, IP) /&

— A R AR AR TR kY AR ST
$i H ) FH i A IE B0 A A7 DU ASE RS 3 e
SRR BRI R &, B YA L
HERUNEAET (AN, 2 AR I — R
BUR T E SC AR A ), 2 A58 UG 7 1)
R A BRI S YRR G A R
WeBhiny, FoRBERXT A A AS PR
s Rz, BERUANHHEPERR, Bk,
XTTHRIA x , XL — DA 5 A
ke, RN

s(x, x +9) < e (4)
K, s(e, o) H—"IE SR R, )
L2008 ¢ & ahfis, Hdizh
8 P R B XT « 1l AR AR L & o P
2, 8 SRR LAGE LA « B9 — “Tl/h” 3R
g, BERT, 2R RIS TR A Y T i 7
M AL & T Al ik SOoh

PE6<Z5 X, 6):
2 _pé)(zi|Z<i’X+8)
lOgPe(zi,l Z ., X+0) (5)

IR A th Z RS N,
] S AN [) 0 A 2 T B 5 3 A 4 3l O U2
BRHEIEM, M T R A «, , T
oo L 8 23 8] 2 I BR K H. S v # 95
Ry, PG, 5 2003l e RS i LB )
R EEHELE «, LRI AL,
G WM A ( Gaussian Noise) . AL M
75 ( Poisson Noise ) . iz i 5 #] ( Motion
Blur) . [F] B}, 7 Flt e 75 58 BE ( severity )
P MRS O3 A 1Y 7 22 P55, AR DGR T LA
MEFEDE E  (severity DN 1 ~5, WA o i 4%
FEBIIE ) o 38 [ AR MR 7E B S i S v
T UL, A B SRR ISl P il R Y
RSB 2 1 w] LA - b v Ak 22 B0 55
o L

1E VQA (L5 P, SRR RIEFHAR
HERA x, —Boe— MR A x, 1Y
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WA (Query), W4 E—3k K H, 1]
“IIKE A Z ORI AR T
R SR WO ol R I AN S 2
TSR ORI E 3 PR A R g AT
25 (RS, BN, RGB EMG— Bk o
—Ak R [0, 1], fEixiEL M LA TR
ZW BT A i AMG S «, R 1E
X, Mk, R AGRETIETTh, e
TR A B ORI K . 751 T2 i N4k 25
AR, IR S, SRS TR
R VR AR 220 R T i ) R
el — M Ml EH ( Interrogative
Rewriting, TR) ZRW&, TR & —Fpil i 455
ABE ANy L SR AR i 0 SR (), ) FH 3 4
A [ 851 A % 00 A T8 AN it e P AR 30 T ik
Bk, BOZBBE XTI (x,, x,) 1Y
Wit Z, IR HEEMERIER 1,
fan, fn Z ZE KA ., ER, R
WS —R R “ /75 (Yes/No) 7 [l
W RN A HRE ] 2« 2/ /7, i, Al
XF I, S TR R I s i,
BR 7 ARENE: AR T, B
Bt ok o )R B RN e e i Z
M) —Fh 5 2, B A5 B A B 1 N 2 R
i BRI S w7, )3 AR A
BT HgE s 7, UL o M
Mk, Bk, Z8 IR SRR IE 1 P
DT LA A R A
PE" =PE(Z, X, 0) - p,

(y=Yeslx,, I, ;) (6)
K, po(y =Truel x,, I, ,) FETIXEGUE
AT, , By O (Yes) 7 HYHE
R, P, AR B IE M R R, A
1E S5 B AN S PR AR

2.3 ETEWNAIPATHEEMIT
PLE i AL B AR 5 i AL B e 7

By, EATRE AT DA Al ] A] DLAE G )
—i, FF—EARE AT E IR, A
SCHE SCHE T L 4 2 () SO S PE, =
PES(Z, X, 0) ; & XITiEF L mym
MW H PE, = PE,, ; 5T SRS
P B 0 TR 2 SH
PE,=PEJ(Z, X, 0) —p,
(y=Yeslx, I, ;) (7)
eI S g o M b i v B iR R oR 48
(AWS IR =R7N

3 SEus

S BRI T A 119 S 6 R S B
ZOOR, R AR AT R RS SR B AR L PR MY
bR B R TR RO PEAS, BL T Rl

3.1 HBESHFEKIRE

ARSCEZR ] =R etk i 2SR TR
OB R AT S B Al A 4E LLaVa -
vl.5-7b, Otter - 9b F1 Qwen — vl — chat,
LLaVa-vl.5-7b & V& T FRAEFUE B FH SR 1E
BEMEANL, & TR AR E SCR A
fE MR, Otter—9b J45 B 58 K115
AEJT, AEMEAL BH BT SRS Y K Hle A1 EE &2 2
AT S5, 5 3 A s A5 RE ) L ]
Y%t Qwen—vl-chat WI7EZ A XA 1 F
SCHR TR B A, BERSTE S AR
SRt IERA H 3% BTy Il 2%,

TERIRAE T T, AR SC e+ H AL
Jy i AT B SEED - Bench v1P' %% 4 £,
SEED-Bench v1 $#i 4 & — L it
FOPAG R 2o A5 o 75 A 1) S o B
. BUETH2 AANE, EHE T 2
FAIFNIEN], AL AR PR 5 S U I
A oA 58 8 0 Hods 58 A7 R
B e PEA T X BT IR AR SR A, A AR
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SEED-Bench v1 FREHLZERE T 1000 A~ [m]
AT PEREEAS .

3.2 iEMIERR

AR SO A RO AR Y A i Ah R Y TR
RAFAG A B MEAG T R ROR . BAR 0L
&, AEREPEAL L % B R A S
TREIEARL, WY IR A R T RAR
EAERE, B, AEfE A T PE AT
DA 480 BB o) AR A i 45 R AE B P 1) — )
K, ASCEZ M AUROC ( Area
Under the Receiver Operating Characteristic
Curve) &7 BEALIEAA A= 25 5 0% U AS i
TETE AR T BE PSR R A A R R HE A
AUROC #5F 0. 5 BEORFA P4 A A B
PE(E SRR i 1 A IE A P AR AT e &, R
AT s PR S BEALRS DU B A X0, A,
AUROC 45T 1 R I 14 A AN i
PEARZE/ N TR i

3.3 BSEALINK

AR IE T ARSI 2R A K
TEE AN E AT BRI, 14
TS&IEF WA FFIER PE, B PE, F
J5lf PE 7 = A 2B KIE S B -
AXFL, R 1 A1, LLaVa-vl.5-7b 5
Qwen—vl—chat P> 2 15 25455 80 50 SR 35 4
7£ SEED-Bench vl VQA $#i4E |-/ 53i5%)
T 63% Fl 64. 9% HREHERE , X, G

®1 ESAANMBIAHE M TER 0

=

s i1 EHRAE PE | PE,

LLaVa-vl.5-7b|63. 0% |SEED-Bench v1| 75.5 |76.8

Qwen—vl-chat |64.9% [SEED-Bench vl1| 74.5 |76.9

Otter—9b 30.3% [SEED-Bench vl1| 58.0 |[58.8

i PE FRBLITETING; PE, R A
FRTE S PR B 1L A T

1) PE J7 3k 8] T 8238 75% 1) AUROC 1A,
ZHES MG, AUROC {H7EX F /M
I TR, BRI, PE, AR
F PE ¥ LLaVa—-v1.5-7b F#&E T 1.3%
AUROC, 7E Qwen—vl-chat F3E8E T 2. 4%
AUROC, Otter—9b #AITEIZ AR 4 [ HAE
IKE]30. 3% MAGRE, X FRW] Otter HELFIHY
MAE A BE ST, XFTR#, PE 7£ Otter £
FIkF) T 58% AUROC, &idiBsshiE,
PE, #1HtF PE 1£ Otter #5151 F 25 T 0. 8%
AUROC, M FiRPIZESEal A, B E )
AHaE VAL T fE A PE 5 R Fr 22 py 4R 71,
TR TE R A R B AP (B, LLaVa
I Qwen) , i J 7E AR A R AL 22 1) (4]
an, Otter), XFRWIPT4E Ay ik A

SRAEE TR, E SN B S ) 22 P o
ARIRE T

3.4 HRENKBHNIK

AN B 5 PR i AR B0 AN
i TH RS2 W ET SC Ik, AR ¢ 3 B
FH T M T b W S S B R M
YERE B K IR, IF 3 & = Fh P ol o B
B2 25 3 T A0 3l %A o VEAG T Y
R

BAORE, MR BN AL
PEREA B W 4R T, X = AR AN
() Mg 7 i B T AR g L i iy PE PR
TR Bl o B L, X T ey i M S RN E A
7 B/INH BN R B R T A A A R
Wk, flhn, FEMEFESREE R 1 B, R
MRS P B FIE A RS 0 Bh BB K PE O
75.5% AUROC #& J+ £ 76. 5% AUROC £
i, WH 1% AUROC W3R TF. Xf Tz 3)
BB 75, A b TARSREE SR 3,
FE B MRS S S RE A R B AP 4 T, SR,
TR sh, B severity %5 F 3 FUME
BUR, PSRRI IR A BE RS 2R
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RRR A AN E Pl T

M L b, RS
B, MRS B R B A T
BRI, ST A 5 B it AN P S
wAE B RIATENE, MR AL sh 5 ik X
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Abstract As the number of natural language processing model parameters increases, reasoning efficiency and re-
source utilization efficiency become key challenges in the deployment of large language models. To address this
challenge, this paper utilizes operator fusion and vectorized access techniques to optimize model inference speed
and resource utilization. During the experiments, LLaMA-7B and LLaMA—-13B are selected as the base models,
and the reasoning time and perplexity (PPL) of the unoptimized and optimized models are evaluated through ex-
periments using the Wikitest dataset. The experimental results show that the proposed optimization method can ef-
fectively reduce the inference time and maintain the prediction accuracy of the optimized model while the perplexity
remains constant. Meanwhile, this paper demonstrates through theoretical analysis and experiments that the pro-

posed operator fusion technique and vectorized access technique can effectively improve the model inference effi-
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ciency, and provide an effective optimization path for the deployment and application of large—scale natural lan-

guage processing models in the future.

Key words operator fusion, vectorized access, large—scale language model, inference performance
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Ryt — B T Rl A 5 Powerinfer
HEREHE R A 25 6 ACR,, TRl v,
A A LLaMA-7B Fil LLaMA—-13B 1}
FERERIE AR IFAE wikitest 4 L obAT
v O I = v A 1 L LT I S 2
B (Perplexity, PPL) 4553,

B\, mECR AR 1RGO L
LLaMA 455U 1 28 255 585 00 Ak (4 A 7] /)N
LLaMA RS FLYR 3 0k 3 79 A4 455 50 il
JH wikitest B8 FEHFATHERL, 7ESVEERL
L A G2 67T S 1 || R/ R TR B S 5 2 M 1 R/ 8
AOHERRES ) RN A 5, e, TR
RUTE wikitest Z04E 48 A9 IR 2 B2 (PPL),
o R BB A R

L
PPL = exp[ Zj (14)

total

K, L, HEMBBRAE; N,,, 98
B, RAGRWNE 2 PR,

Nk 2 WS E RPN, BTGt
X KA RS LLaMA -7B il LLaMA - 13B )
PERE A4 T W B R, 7E B2 R T Ah B
Bt (prompt eval) , PLALHIJE AR AL P4
A~ token [ B [H] $2ix, H Ak R I K
LLaMA- 7B M 19.74ms/token 3§ fiil %I
19. 84ms/token, LLaMA —13B M 23. 10ms/
token J§, /D £I| 22. 84ms/token, X J& {F F5 A
R R P RIE R ISR, BN EE prompt
eval | generate eval Ll PPL 7EN, #4& i
BN I B A Wb, A, TR
T R ok s A IR =R (PPL),
LLaMA-7B 1 LLaMA - 13B 7£ L4k i J5 (1)
RO EFAAE, 235070 6. 60 1 5. 84,
S 25 AR B R AR T B A AN A AURE
iR E .

24 P




BT EFRANDRNATOABSRLBER AT 215
% 2 Powerinfer E5ETRE
. RS DAzl
fEpRZERl
LLaMA-7B LLaMA-13B LLaMA-7B LLaMA-13B

prompt eval/ (' ms/token) 19.74 23.10 19. 84 22.84
generate eval/ ( ms/token) 50. 06 59. 82 49.12 58.31

PPL 6. 66 5.82 6. 60 5.84

TEA W PEAL By B ( generate eval ), &
TRGIA LRI T B E i, s
AR B Ab 3B A token By B A U D,
LLaMA - 7B M\ 50.06ms/token ¥ /b %
49. 12ms/token, LLaMA —13B M 59. 82ms/
token Ji /> #| 58. 31ms/token, iX & 1
il G AT E Wl A a6 2 14 v ) K80 £ i R
P, TR IR R T HEAE
Az CPEA BT B RSCR AR T X T R SR
I ZR G EE S, A 1 S ST A e I A
kR, XFILRERS B 1R A
GE R AL BERE Sy, BT, BT
RS DA AR BB Be S B T U A 1 e 42
Th, FEOR R TR IF K (PPL) R
A5 BIE T HARE R AT S

3.3 mELIEE
T FRgEE THEF RGP Pow-

SRR A A AT R S, ARSI
o, 5 ESCHE, i LLaMA-7B il
LLaMA - 13B 1E & 2 fill K i 5 82 8 I 78
wikitestAHE AR AT S0, PRAG TS bR R AR
FFGHERES ] REREE ( PPL) 1947,
SRR 3 fron, @i — LA M
AL VIR Ak, AT DL 3 X oK R
LLaMA-7B Fl LLaMA - 13B #)14: fiE 7= 2k 5%
M, FERRTEAGBTYEE (prompt eval) , i1k
Ji AR A 7E A BEAE A token AY S [B] LA FIF
Wb, BARFI N LLaMA-7B M 19. 74ms/
token V& /> %] 18. 41ms/token, LLaMA-13B
M 23. 10ms/token 7 7> F| 20. 90ms/ token .
[FIEE, (EARE AR, FIMbUifE R it
AR AR N2 (PPL) 7™ AR 52 Wi
LLaMA-7B Hl LLaMA - 13B fE{L AL BT 5 B9
WA S 4300k 6. 62 F11 5. 83,
SCEREE IR, AL U A RE DR A AL AR

erlnfer HEZE | &5 & mmAL UG EE AR, 4

% 3 Powerinfer EEEFRE5FILGE

T B A A RE T T A ARAE o

. ERIK % A A
PRI
LLaMA-7B LLaMA-13B LLaMA-7B LLaMA-13B
prompt eval/ ( ms/token) 19.74 23.10 18.41 20.90
generate eval/ (' ms/token) 50. 06 59. 82 44. 88 53.22
PPL 6. 66 5.82 6. 62 5.83

TEA WPEAG B B (generate eval ), [n]
AL VTR AC R RE e B0 T 2 35 e 3
AR B A B b PR A token B I [H] A7 B
Y/, LLaMA - 7B M\ 50. 06ms/token I /b
Fl|  44.88ms/token, LLaMA - 13B M

59. 82ms/token i 7D F| 53. 22ms/token, 4
SR 0] 5 AL DT A D0 AL TE WD U5 A7 R,
PR ARCR T T R T HEAE N, AR
e, mEA U TE B PEAk B Be Al
AR B S T U B PR RE B L, [R] AR
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4 SR

R T R AR A RRASE R IR R AN
WAEHRER, AR SCHEH T 45 68 1l A R e
IR T, # i m R
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B LLaMA H) &8 TEfie, Lo R R,
Rl BOR RN AU R AR BT
R (1 B S B RO R R S
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1E wikitest 2038 45 L VEAT T 1R A0 5256 %)
Lo, PEASG T OO0 AR RS 1% A ] RN PR R
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WA, SLmaE R ER TR A
S kv AR LS, XA T kTR
LTt LLaMA A5 70 HEHRRCR 1 R B ) F
AR, J AR DR LAk T 58 iR 1 AN
LM R W3, R TH B B
FERA GRS, XL AT BB A 4 K
BEA AR ], 02 i R ABTAR 7 T %
U832 BRI v i o 5 2y T 473 08 AN ]
BB Y fA (5, 7 LLaMA - 7B fil LLaMA -
13B HER) F  PLA AR ol o 3

SRS, B Al G SR R Ak
AR R R R I AT IR T, BAR T
PEACHE R SCR A W T1 . AR B 5% L i —
A G Z AT R AR R, KRR
A ERE RS, DLtk — 23R T R A
H SR T A B R (432 15 RCR N SE BRI
B, RIRHIAEE AT BEAYAE AN R
28 KAL) B SRR B

$7% Uk

1 CHANG Y, WANG X, WANG ], et al. A survey

on evaluation of large language models [J]. ACM
Transactions on Intelligent Systems and Technology,
2024, 15 (3) . 1-45.

2 ZHAO C, ZHU G, WANG J. Implications of Chat-
GPT for linguistic macromodeling and new devel-
opment ideas for multimodal macromodeling [ J].
Data Analysis and Knowledge Discovery, 2023,
7 (3):26-35.

3 LY, WEN H, WANG W, et al. Personal llm
agents: Insights and survey about the capability,
efficiency and security [J]. arXiv preprint arXiv;
2401. 05459, 2024.

4 SHEN H, CHANG H, DONG B, et al. Efficient
llm inference on cpus [J]. arXiv preprint arXiv;
2311. 00502, 2023.

5 TOUVRONH, LAVRIL T, LZACARD G, et al.
Llama: Open and efficient foundation language
models [J]. arXiv preprint arXiv; 2302. 13971,
2023.

6 SONG Y, MI Z, XIE H, et al. Powerinfer: Fast
large language model serving with a consumer —
grade gpu [ J]. arXiv preprint arXiv: 2312.
12456, 2023.

7 NIU W, GUAN J, WANG Y, et al. Dnnfusion;
accelerating deep neural networks execution with
advanced operator fusion [ C] //Proceedings of
the 42nd ACM SIGPLAN International Conference
on Programming Language Design and Implementa-
tion. 2021, 883-898.

8 FENG J, HE Y, PAO Q. Evaluation of compilers’
capability of automatic vectorization based on
source code analysis [ J]. Scientific Programming,
2021, 2021 (1) 3264624.

9 HAJ-ALI A, AHMED N, WILLKE T, et al. Neu-
rovectorizer: End—to—end vectorization with deep
reinforcement learning [ C] //Proceedings of the
18th ACM/IEEE International Symposium on Code
Generation and Optimization. 2020, 242-255.

10 ADIT N, SAMPSON A. Performance left on the ta-
ble: an evaluation of compiler autovectorization for
RISC-V [J]. IEEE Micro, 2022, 42 (5):
41-48.

11 DAGHAGHI S, MEISBURGER N, ZHAO M, et

al. Accelerating slide deep learning on modern



ETEFRANABUSFNAESERRBRATR £ 217 -

cpus: Vectorization, quantizations, memory opti-
mizations, and more [J]. Proceedings of Machine
Learning and Systems, 2021, 3. 156-166.

12 MUTLU O, GHOSE S, GSMEZ-LUNA J, et al. A
modern primer on processing in memory [ M] //
Emerging computing: from devices to systems:
looking beyond Moore and Von Neumann. Singa-
pore : Springer Nature Singapore, 2022, 171-243.

13 PENG X, SHI X, DAI H, et al. Capuchin:
Tensor — based gpu memory management for deep
learning [ C] //Proceedings of the Twenty—Fifth
International Conference on Architectural Support
for Programming Languages and Operating Systems.
2020 891-905.

14 TOUVRON H, MARTIN L, STONE K, et al. Lla-
ma 2: Open foundation and fine — tuned chat
models [J]. arXiv preprint arXiv; 2307. 09288,
2023.

15 HOFFMANN J, BORGEAUD S, MENSCH A, et
al. Training compute — optimal large language
models. arXiv 2022 [J]. arXiv preprint arXiv;
2203. 15556, 2022, 10.

16 MING Z. Research and discussion on big model
evaluation methods in artificial intelligence [ J].
Big Data and Artificial Intelligence, 2023, 4 (5) :
19-21.

17 CHOWDHERY A, NARANG S, DEVLIN ], et al.
Palm: Scaling language modeling with pathways
[ J]. Journal of Machine Learning Research,
2023, 24 (240). 1-113.

18 LIU Z, WANG J, DAO T, et al. Deja vu: Contex-

tual sparsity for efficient llms at inference time

[ C ] //International Conference on Machine
Learning. PMLR, 2023 22137-22176.

19 ZOU L, GONG X, ZHOU Q. Memory Management
and System Optimization [ J]. Journal of Hebei
Institute of Technology, 2003, 25 (3) . 63-66.

20 GUO L, ZHAO J, ZHAO ]. Architecture design
and optimization strategy of heterogeneous Al com-
puting power operation platform [ J]. Information
and Communication Technology and Policy, 2022,
48 (3): 7.

21 HIJMA P, HELDENS S, SCLOCCO A, et al. Op-
timization techniques for GPU programming [ J].
ACM Computing Surveys, 2023, 55 (11). 1-81.

22 HAN K, WANG Y, CHEN H, et al. A survey on
vision transformer [ J ]. IEEE transactions on
pattern analysis and machine intelligence, 2022,
45 (1) . 87-110.

23 AGARAP A. Deep learning using rectified linear
units [ J]. arXiv preprint arXiv: 1803. 08375,
2018.

24 SHAW P, USZKOREIT J, VASWANI A. Self-at-
tention with relative position representations [ J].
arXiv preprint arXiv: 1803. 02155, 2018.

25 JOULIN A, CISSé M, GRANGIER D, et al. Effi-
cient softmax approximation for GPUs [ C] //In-
ternational conference on machine learning.
PMLR, 2017; 1302-1310.

26 PAL A, KARKHANIS D, ROBERTS M, et al.
Giraffe; Adventures in expanding context lengths
in llms [J]. arXiv preprint arXiv; 2308. 10882,
2023.



:qu>
=
H
=

ETEqE AR R B RE SRR
ZOTUOH D W B W BT

B LERBT—HETHA %Lﬁmé’zw%*’ﬁ%% g 21l i M s 1 B OODA A2 49 %7 4k
RREIMAER S B ERAWE, ZREMIIANT RN %1 B, HWRATER, TATEZEURTR
R IR ST, kkux_éﬁkflﬁl Bpst R TRBRAEREZAT HiASEMIEEILH 2
GRS, wfr'f%ﬁ"*" AR TAR R A AR B ARIE R I, #’Jﬁﬁ%ﬂi’%&iiﬁﬂ, R Z R MR
BRI SFTREBEN R E A e, ARREFRRL B RRET AL,

KEBIE ARk, l”ﬁfmu AR, BREM, B %

C2 System Intelligence Architecture Based on Agentic Workflow

LI Guang' XIAO Yi' HU Peng-Ju' NIE Lu'~ ZHAO Xiao—Ning'

Abstract This paper proposes a system intelligence architecture based on agent workflows, aimed at achieving
autonomy and synergy in combat operations by constructing agents oriented towards the OODA ( Observe, Orient,
Decide, Act) loop. The architecture introduces a combat rule knowledge base, an agent manager, a tool manag-
er, and an agent workflow orchestration engine. It integrates agents deeply with a simulated command and control
system through appropriate prompt engineering, chain—of-thought architecture, and tool invocation framework.
An experiment utilizing a combat process based on agent workflows was designed to simulate combat procedures,
demonstrating that this architecture can improve the efficiency and accuracy of command decision—making in com-
bat tasks, thus providing effective support for the application of future intelligent military systems.

Key words agent, workflow, system intelligence, intelligent architecture, orchestration engine
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Abstract To extract parameters from input chip technical documents and generate PSPICE model code, a method
combining Retrieval — Augmented Generation (RAG) and Chain of Thought (CoT) is proposed. First, OCR is
used to obtain the content of the technical documents. Then, the RAG’ s retrieval and generation capabilities are
used to classify and retrieve information from the OCR text, combined with CoT for step—by—step reasoning and
task decomposition. Finally, a large language model generates the corresponding chip’ s PSPICE code. Experi-
mental results show that this method can efficiently extract and generate the required code from complex docu-
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Construction and Decision Application of Situational
Event Graph in Air Combat Game Scenario

LANG-Bin' LEI-Da' CHEN Jiu—Hong' MA Rui—Xiang' HU Tian—Xiang'

Abstract  In response to the intelligent tactical decision—making requirements of specific air combat game tasks,
a Situational-Event Graph is constructed through large —sample simulation technology, forming a comprehensive
combat knowledge base. The decision problem is equivalently transformed into a path—finding problem in the Situ-
ational—Event Graph, enabling real—time output of mission decision schemes based on the current combat situation
during air combat. Moreover, to meet the practical need for predicting the likelihood of ultimate victory based on
the current air combat situation in complex and uncertain battlefield environments, a discrete Markov chain model
is integrated to enable real—time assessment of the current situation and prediction of the final win rate onboard.
This provides technical support to enhance pilots’ situational awareness and operational efficiency.

Key words situational event graph, construction of knowledge graph, situational analysis, decision support
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" ifWorkingMissile" ; false

" ifHaveDisruptorAmmo" ; true

" if WorkingDisruptorAmmo" ; false

" jamming_pod" ; true

event—9

RN 0. 62 | v ifHaveMissile" : true

" plane_name" ; "red_groupl-plane_0-J11B"
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"radar_state" : true
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"heClose" : false

"live" : 1

R R TE B A B R S o A, -
1 P A A T e R M) R ) 2 )
i SR REH L, BT
MPTAREES, H S=1{s1, 52, ~-snl
TR, FRMRIEEH P Ros, BEE—A
nxn BYHERE, n R AT S - AF RS
WREWRAE, P L] [J] FsIRE Si
e 2R § AR, IR (HAEE T HEREEH
BRI GHRE, %R BRI G AR
ASME—, BT IR RS R 1, i A
AT AR B A R AT SIS R A (4T
T BBl vE SO DT KL R ) TR
e, IR AR, BURK(E

(GEIE TR/ AW I/ 8 | PN g )
R,

4 HiRis

ARSCEE R B 25 O 2R A 55, i
HOARDSRETR R, 18 REEA )y B R
EER-FIFETE, B Roe B S SR
VEBCATR I, R B SR ]S 20k A5 3 -
PRIEE A B AR A 4R R, A =S e A
BT YA A B AT 55 TR A
P45 B RS AR TR BE R | FEL AR
TSP 2 AT O N R AR,



SHRBEZGR TSEFHEENRIRR YA - 245 -

PE— 2B i AT BUE S5 N S AT R
AR

1 MCCANNC, PIGEAU R. Clarifying the concepts of
control and of command. In Proceedings od the
Command and Control Research and Technology
Symposium [ C] //Washington, DC; US Depart-
ment of Defense CCRP.

2 FUEOP, ROCH, m, G2 SR )
BERR [C] /785 13 b E R G 05 AR Bt
I A AR AR 28 3C8R. 2011 5.

3 DAS S, GREY R, GONSALVES P. Situation

Assessment via Bayesian Belief Networks [ C] //
ISIF. 2002, 664-671.

4 VLR, R, A, AR MRECH AR AR B
et 5N (1], W s TR A B 4k,
2020: 35 (6).

5 RIS, T[] 2 R D SR Y S S R R R gt
HYEL [D]. KiE. REHT R, 2022,

6 FEACAE. THT (o UL AR 5 44 R SR 110 o AL RT3 A At 7
B [D]. PRI M/RIE TR, 2020.

7 BT ) AL AR SR R G 25 H bR A A
flidt [1]. T AZME, 2022: 41 (4).

8 HIMG, 25T, PRDT, &% TG0
P3G i B B SR O7 ik (0], K 5 iR
i, 2022.



HESFRGOEHKIESREEIESE
Pl 2 $5 R B 52

k' DR EBSEmE RO RARIE

T E AWBRETHEAMRF LY, REEFLRMAREIANGT &, LFRAKLLE TSRS
)3 75 kMR IR AV AR A1 . SimHash M3 T A X Thbt 7, Bt RH SRS, B8 FRER, AR
TARAHEXEA R FTHRATHZRNG%G, F8EN. OBERRBERE SR BALF L snif s 21
A Q3BT AR BRI ARS8 KT ; O BANABHEAS BN R EERS, ARFHFE
¥ AARACKIE, RARDABRAR, EMARAEL,

X WML, FFAL, KETHA, FI%ETHEY

Research on Continue Pre-training Techniques for Large Language
Models in the Meteorological Domain

LEI Da' MA Rui-Xiang'~ QU Chong—Xiao' ZHANG Yong—Jin' YU Hua-Feng'

Abstract To enhance professionalism in large language models for military meteorology, an incremental pre-—
training method is proposed. Utilizing low—complexity logistic regression for quality assessment and SimHash for
redundancy removal,, high—quality data is sampled. Incremental pre-training with zero—redundancy optimization
on open — source models under limited computational resources is conducted. Results demonstrate;: (D General
models lack domain—specific knowledge in meteorology; @Incremental pre—training effectively boosts domain ex-
pertise; @Post—pre—training, general knowledge retention diminishes. Future efforts aim to expand and refine
datasets, enhancing model performance and mitigating knowledge decay.

Key words continue pre—training, military meteorology, large language models, pre—trained language model
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Abstract In the realm of military decision—making, the integration of large and small model collaboration exhibits
significant potential. Large models are responsible for strategic formulation at the macro level, offering comprehen-
sive situational awareness and predictive analysis. In contrast, small models execute specific tasks at the micro lev-
el, swiftly responding to battlefield dynamics. This collaborative approach enhances the accuracy and flexibility of
decision—making, improving adaptability to dynamic combat environments. This paper explores the methodologies and
strategies for command and control decisions through the collaboration of cloud—based large models and edge—based
small models. By leveraging the long—chain decision—making and emergent capabilities of large models alongside the
fine—grained modeling and rapid problem—solving strengths of small models, this study aims to provide more intelligent
and integrated support for military command and operations, thereby enhancing combat effectiveness.
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Multi-Agent Framework for Test Case Generation and Code Optimization

YANG Jun' HE Yu-Wei' LIU Xing—Jian'

Abstract With the continuous growth in the scale and complexity of software systems, traditional automated tes-
ting methods and strategies based on large language models (LLMs) have achieved some success in enhancing the
efficiency of test automation. However, these methods still fall short in handling complex code logic and deep se-
mantic understanding, resulting in test cases that cannot comprehensively cover or accurately test the key function-
alities of software. To address this issue, this paper proposes a multi—agent framework for test case generation and
code optimization. The framework leverages the collaborative capabilities of a multi—agent system and the advanced
language understanding of LLMs. Through the exchange of information and coordination of strategies among agents,
it significantly enhances the quality of software system code understanding and test case generation. In this frame-
work, each agent focuses on a specific aspect of software testing, including requirement analysis, test case gener-
ation, and code optimization, working collaboratively to produce more comprehensive and in—depth testing out-
comes. The application of this framework in multiple real software testing projects validates its effectiveness in im-
proving the quality and efficiency of software testing.

Key words software testing, large language models, multi—agent
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A Large Language Model for Relation Extraction Based on Retrieval
Augmented Generation and Chain—-of-Thought Prompting

LIU Qi' ZHANG Chang-Liang® YANG Yu-Ting' FANG Zhi'~ ZHENG Yi-Fan'

Abstract The task of relation extraction aims to identify and extract relationships between entities from unstruc-
tured natural language text. In the military domain, relation extraction is a core preliminary step and a critical as-
pect of constructing a military knowledge graph. However, traditional relation extraction models are limited by the
number of parameters, and they lack the ability to understand the context of complex texts and generalize knowl-
edge, resulting in extraction accuracy that falls short of practical requirements. To address these challenges, we
propose a relation extraction method based on large language models specifically for the military domain. This
method first constructs an example library through chain—of—thought completion, then retrieves relevant examples
based on semantic similarity and constructs prompt texts. By leveraging the few—shot learning capabilities of large
language models, this method extracts entities and relationship types from sentences. Experiments demonstrate
that this method achieves state—of—the—art performance and can accurately extract relationships under few—shot
conditions, exhibiting strong generalization capabilities.

Key words  information extraction, relation extraction, military domain, large language models, few —

shot learning
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Generative Task Network: A New Paradigm for Task
Planning and Execution Based on Large Models

HUANG Xue-Qin' ZHANG Sheng' ZHU Xian—Qiang' ZHANG Qian—Zhen' ZHU Cheng'

Abstract In the wave of generative artificial intelligence, large language models ( LLMs) , referred to as large
models, have become a key force in advancing general artificial intelligence technology due to their exceptional
general intelligence capabilities. Currently, a series of large models, represented by GPT-4, GLM4, Llama3, and
others, are playing an important role across various industries. They have made significant contributions to exten-
ding the boundaries of human or machine capabilities and enhancing productivity. Against this backdrop,
intelligent task planning technology for unmanned systems is also set to undergo new transformations.

Unmanned systems have been widely applied in modern military and numerous civilian fields, yet there is still
a significant gap in achieving true intelligence and automation. Typically, an unmanned system can only handle
tasks in a specific domain, as its intelligent task planning module is designed with many limitations and assump-
tions to meet professional field requirements, resulting in weak generalization and transferability of its planning.
The emergence of large models provides new directions and possibilities for the development of intelligent task
planning technology in unmanned systems. Large models possess strong language understanding, logical reasoning,
code generation, and knowledge integration capabilities. Their emergent general intelligence characteristics enable
them to handle complex information across a wide range of fields and generate appropriate planning strategies and
solutions for complex problems. Furthermore, the multi—turn dialogue capability of large models facilitates conven-
ient human—machine collaboration, providing efficient information sharing and task coordination mechanisms for
unmanned systems, thereby enhancing their flexibility.

Traditional intelligent task planning models mainly include mathematical analytical models focusing on opera-
tions optimization, hierarchical task network models designed for task decomposition based on domain knowledge,
and probabilistic network models centered on causal probability analysis. These traditional planning models share a
common defect; they require experts to invest a significant amount of time and effort during development, and the
resulting models are highly specialized, with weak adaptability and transferability, generally lacking generalization.
When faced with new situations and tasks, experts need to rebuild the models. The hierarchical task network a-
chieves tree—like hierarchical task decomposition by introducing domain knowledge and simulating expert thinking
patterns, and its operational process aligns well with the Al Agent process based on large models. However, tradi-
tional hierarchical task networks are limited by being constructed by a small number of human experts and engi-
neers, and can only generate tasks according to established rules, resulting in low automation, weak transferabili-
ty, and poor generalization. The introduction of large models solves the limitation of professional knowledge, effec-
tively enhancing subtask generation capabilities, scenario generalization performance, and transferability.

Moreover, traditional intelligent planning methods mostly focus only on task planning, resulting in a disconnection
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between task discovery before planning and task execution after planning, raising doubts about the timeliness and
usability of task planning. This is especially problematic when executing tasks for time—sensitive targets, as it fails
to achieve a complete process connection from autonomous task discovery to intelligent planning to automatic exe-
cution in unmanned systems, leading to target loss and task planning failure. Integrating large models into the plan-
ning module of unmanned systems holds the potential to simultaneously accomplish autonomous task discovery, in-
telligent task planning, and resource coordination within unmanned systems to complete various subtasks,
achieving a rapid closed—loop from autonomous discovery to automatic execution.

Chain of Thought ( CoT) and Tree of Thought ( ToT), as key technologies in large model prompt
engineering, demonstrate that the question—and—answer capability of large models can be improved through more
precise problem descriptions. Therefore, allowing large models to gradually understand and analyze complex in-
structions and contextual data often yields better results. Retrieval Augmented Generation (RAG) is an effective
method to enhance the question—and-answer performance of large models and reduce hallucinations by utilizing ex-
ternal knowledge. Sufficient external data and knowledge are necessary foundational conditions for reasonable task
planning and execution.

Combining the advantages of hierarchical task network (HTN) concepts with CoT, ToT, and RAG technolo-
gies of large models, this paper proposes the Generative Task Network ( GTN) method and its technical framework.
The Generative Task Network is a new intelligent task planning and execution paradigm based on large models and
related technologies. In—depth research into the connotations and mechanisms of this paradigm will help promote
the intelligent and automated development of unmanned systems and provide important reference value for construc-
ting agile killing networks and other applications.

Key words unmanned systems, large language model, task planning, task execution, generative task network
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The Application of Large Vision—Language Models in the Field of
Target Analysis

ZHANG Ming—Xin' CHEN Ya—-Zhou

Abstract In modern military domains, target analysis is a core technology that directly impacts mission success.
Traditional image processing and computer vision technologies perform well on singular tasks but face limitations in
complex environments and with diverse targets. With the rapid development of artificial intelligence, Large Vision
—Language Models (LVLMs) have shown unique advantages in handling complex information and multidimen-
sional data. LVLMs can simultaneously receive text and image inputs, integrating natural language processing and
computer vision techniques to achieve cross—modal information fusion and deep understanding. This paper explores
the application and prospects of LVLMs in military target analysis. It begins with an overview of the development
and technical principles of LVLMs, then analyzes their specific application scenarios and empowerment angles in
military target analysis. Additionally, the paper discusses the advantages and challenges of these models in
broader applications and forecasts the future prospects of LVLMs in military fields. Through this discussion, the
paper provides a comprehensive framework for the application of LVLMs in military target analysis and offers guid-
ance and insights for future research and practice.

Key words vision—Language, large language models, target analysis, advantage and challenge, prospect
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The Application of Visual Language Large Models in the Field of
Network Sentiment Analysis: Potential and Challenges

LIU Xiao—Liang' MA Zhuang'

Abstract The application of Large Vision—Language Models (LVLMs) in network sentiment analysis has been
proposed, highlighting their advantages in cross —modal analysis, behavior and intent recognition, and decision
support. The technical challenges of LVLMs in practical applications have been analyzed, including privacy protec-
tion, model bias, technological limitations, and ethical and legal issues, with corresponding solutions offered. The
research prospects for the future development of LVLMs in improving the accuracy, response speed, and adaptive
learning capabilities of sentiment analysis have been outlined, pointing to their potential role in intelligent
monitoring and early warning systems, providing new perspectives and solutions for network sentiment analysis.
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A Study on the Integrated Development of Communication Networks and
Large Language Models
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Abstract The integration and development of communication networks and large Al models are becoming a focal
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point of research in both academia and industry. With breakthroughs in generative Al technologies, particularly
largelanguage models (LLMs) , researchers are exploring the potential for synergy between LLMs and communica-
tion networks. This paper reviews the latest advancements in enhancing the intelligence of communication networks
through LLMs, focusing on how models based on the Transformer architecture can optimize areas such as network
design, diagnostics, configuration, security, and language understanding through intelligent applications. It also
analyzes how communication networks, through cloud—edge collaboration and multi—agent technologies, support
the training and deployment of LLMs.

First, the paper introduces the fundamental architecture and training process ofLLMs, including the self-at-
tention mechanism, emergent intelligence, and their exceptional performance in natural language processing tasks.
It provides a detailed analysis of six major application scenarios for LLMs in communication networks: network de-
sign, diagnostics, configuration, security, language understanding, and standard analysis. By processing massive
amounts of data, generating fault reports, automatically configuring networks, enhancing network security, under-
standing and mapping network languages, and analyzing technical standards, LLMs significantly enhance the intel-
ligence level of communication networks.

Next, the paper explores specific approaches for LLMs to empower tasks in the communication network field,
including pre — training and fine — tuning, prompt engineering, and retrieval — augmented generation. These
techniques collectively drive the application of LLMs in the intelligentization of communication networks. For exam-
ple, pre—training and fine—tuning enable LLMs to adapt to domain—specific knowledge ; prompt engineering guides
models to generate desired responses through carefully designed input queries; retrieval —augmented generation
combines LLMs with information retrieval technologies, improving the model’ s memory and factual accuracy.

In addition, communication networks play a key role in the training, inference, and deployment of LLMs,
particularly in data transmission, resource allocation, multi—agent collaboration, and intelligent service provision.
The paper discusses how LLMs are empowered through cloud—edge collaborative computing and multi—agent net-
work construction, specifically exploring the advantages of edge cloud computing and multi—agent collaboration,
and how technologies such as distributed computing, cloud—edge collaboration, and multi-agent networks can pro-
vide more convenient intelligent services to users.

Finally, the paper identifies the challenges faced in the integration of LLMs with communication networks,
such as the interpretability of LLMs, the adaptation of communication data to LLMs’ architectures, deployment of
LLMs on devices, and resource management. Addressing these challenges will open new development paths for the
integration of communication networks and LLMs, enabling more intelligent communication networks and
network—based general intelligent services.

Overall , this paper reveals the broad prospects for the integration of LLMs and communication networks, pro-
viding a theoretical foundation and technical roadmap for achieving more intelligent, efficient, and secure commu-
nication networks. It also points out directions for future research, aiming to promote the deep integration of com-
munication networks and LLMs to jointly address current and future challenges.

Key words large Al models, communication networks, integration and collaboration, Transformer, cloud —

edge collaboration
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An Intelligence Question Answering Technique Based on
Retrieval-Augmented Generation

CHENG Zhi-Yu' CHEN Xing—Lin2 WANG Jing3
ZHOU Zhong-Yuan' ZHANG Zhi-Zheng®"

Abstract  Existing document—based RAG models are primarily trained and evaluated on open—domain tasks. How-
ever, knowledge in the military domain is often stored in structured forms, such as knowledge graphs. This makes
document—based retrievers ineffective at retrieving information, leading to difficulties for RAG in obtaining relevant
information from knowledge bases that use knowledge graphs as data sources. Therefore, it is necessary to explore
RAG solutions that utilize knowledge graphs as data sources to address these issues. Additionally, the multi—con-
straint nature of military intelligence problems can lead to the generation of excessive information during RAG re-
trieval, resulting in overly long contexts that increase costs and degrade model performance. Hence, it is essential
to refine the knowledge input to large language models. A knowledge graph—based retrieval —augmented generation
framework is proposed to achieve military intelligence question answering. The workflow of the framework mainly in-
cludes six stages: question classification, entity recognition, entity linking, knowledge retrieval, knowledge re-
finement, and problem solving. In the question classification stage, K—BERT is used as a pre—trained model for
question classification, incorporating structured military knowledge graph information into the model to enhance its
understanding and performance in the military domain. In the entity recognition stage, we propose the K—BERT
—-BiLSTM~-CRF model, which is trained on a military named entity recognition dataset and used for military named
entity recognition to retrieve candidate entities and attributes for entity linking. During the entity linking stage, can-
didate entities and attributes are aligned with unique entities and multiple candidate attributes in the knowledge
graph through vector similarity calculations using a pre —trained model, thereby obtaining relevant entities and
solving constraints. For the pre—trained model, we utilize the encoding layer of K—~BERT from the K-BERT-Bil.-
STM-CRF model trained on the named entity recognition task to fully understand the meanings and differences of
military terms. In the knowledge retrieval stage, relevant background knowledge is obtained through weapon types
and entities, and represented using Answer Set Programming to provide a data basis for problem solving. The frame-
work effectively acquires background knowledge through these four stages. Considering the characteristics of multi
—constraint problems, the knowledge refinement stage uses Answer Set Programming to reduce the amount of knowl-
edge or directly obtain answers by applying hard and soft constraints. Finally, in the problem—solving stage, con-
sidering the challenges of ambiguity, vagueness, and sparsity in attribute mention recognition and linking in military
intelligence question answering, a large language model is used to solve the problem based on the refined knowl-
edge, reducing attribute recognition and linking during the problem understanding process. Experiments were con-
ducted on the MilRE dataset, randomly selecting 5 samples of each question type, covering a total of 115 questions
from 23 different categories. The framework achieved retrieval and question—answering accuracies exceeding 90% .
Experimental results demonstrate that the framework provides enhanced knowledge retrieval capabilities based on
knowledge graphs and effectively answers military intelligence questions.

Key words intelligence question—answering, answer set programming, large language models, retrieval —aug-

mented generation, knowledge graph
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A Hate Speech Detection Method combining Sensitive Word
Matching and Prompt Construction ™

XU Lei'? SUN Jia—Dong® HU Ya—Hao' PAN Zhi-Song'’

Abstract Despite the impressive capabilities of large language models in various natural language processing
tasks, their effectiveness in detecting implicit hate speech has not been fully explored. To address this, we pro-
pose a hate speech detection method called Filter—Prompt, which combines sensitive word matching with prompt
construction. First, sensitive word information is obtained from the text to be detected through keyword matching.
Then, prompts are designed based on this information to improve the detection of implicit hate speech by large
language models. Experimental results show that compared to traditional methods, Filter—Prompt significantly en-
hances various evaluation metrics in binary classification tasks for hate speech detection.

Key words hate speech detection, large language models, sensitive word matching, prompt learning
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