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Abstract

The construction of flood control and disaster defense engineering aims to address, prevent,
and mitigate the impact of flood disasters on human society, the environment, and the economy.
Against the backdrop of frequent flood disasters, urgent management needs, and rapid
development in computer technology, researching flood defense systems based on new
information technologies is significant in improving the management and decision-making
capabilitics of professionals. However, current flood defense systems suffer from issues such as
dispersed application functions, difficulty in integration, lack of transparency in computational
processes, and a shortage of macro-level simulation. Therefore, this thesis takes Lin Tao County,
Gansu Province as the research object, introduces digital twin technology into flood defense
systems, and proposes an application model based on large language models driving professional
models and business processes. Combining with commonly used models for flood defense, a flood
defense system is designed and developed, gradually promoting new application paradigms while
achieving intelligent interaction and serving as a guide for industry informatization. The main
achievements of the thesis are as follows:

(1) Research on the architecture of flood defense systems and design of their functions.
Through the analysis of system application requirements, the technical system of the system is
researched and designed. Supported by technologies such as network geographic information
systems, visualization displays, and large language models, as well as the concept of
componentized business, an architecture for a digital twin system for flood defense driven by large
language models is proposed, and the design of system functions is achieved from a holistic
‘ perspective,

(2) Research on a componentized professional model integration system. Based on the
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characteristics of model structure and logic, flood forecasting models, flood evolution models,
flood control scheduling models, and parameter optimization algorithms are divided into mutually
independent basic modules using component thinking. These modules are spliced according to
input-output constraints in a standardized interface manner to build medium-grained models, form
application component libraries, realize integrated development of professional models, and solve
the problems of low model development efficiency and poor code reuse. This also lays the
foundation for creating a large language model platform combining human and machine.

(3) Research on the application pattern of large language models driving business knowledge-
data-model-system. Based on large language models, through the study of knowledge fusion
methods, the RAG (Retrieval Augmented Generation) strategy is adopted to unify and manage
multi-source heterogeneous information using large models, constructing a business "knowledge
space”. At the same time, through research on intelligent agents, a flood defense business
reasoning chain and a large model business repository are proposed to build a model-driven flood
data and model application pattern, and from the perspective of system design, explore the
integration method of large models with business processes, change the traditional business system
application pattern, and provide ideas for creating intelligent platforms for human-machine
language interaction.

(4) Development of a flood defense digital twin platform. Based on the system architecture,
visualization construction of twin entities is achieved using DEM, remote sensing images, 3D
models, etc. Front-end and Java server development are carried out using development
technologies such as Vue, Spring Boot, etc. Development of professional model ends and large
language model application ends is realized using Python frameworks such as Numpy, Pandas, etc.
Flood defense business applications are implemented through the integration of real-time flood
forecasting, transparent simulation, and intelligent simulation functions.

Key words: Flood disaster defense; System design; Digital twin; Modularization; Large language model
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IR XA R M O R TEE . RGURIESCER N IS, %R P TR
SRRt KBNS 18 7 A AT — T R AR R A A Y A
B4R, 1EFTA TEAARPOR IR S, SINET 1D FB, FERIAH MyBatis (194282 2R
FEELTT ID T IR AT HE i ik

N R RGN BARBIR TR, RN AR P 2 RA M ER 7, BT meanzE
R, RGN B HATIES], B H - BRI EEE E RS . P R R E R
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Kogndt. A, MBR. ZmiEDURD, I R AR TS T A v 0 B o RN S o 08 VU ) . AT e A
F Vue HEZE, AR FH P BLFR 230 0] 15 1a) 1 00 i AN E 44 . 5 il %85 Spring Security,
JHit @PreAuthorize 7 X R £ E: O RO MIAR EAT ¥ 0, AT oL RIS, MR RSN L
2,

2.5.2 BB T

s PR U 2 S ER RE A — AN EE BT . EEACR G T, WA EEE ]
DAMEFE 9 S ir W s . Dy s 85is DA ROl 5 i 5 . HAT,  0HE B de MR AR S5 mT 43R ok
ALK IEE (RDBMS) FlIES< RALEIEE (NoSQL) FiAMS, 7rc R MREH, & H
) f0 45 MySQL. SQL Server A Oracle 5. MySQL & P4k, 1Rt wnttXm, BA
BRERFME, GHTRESWHERMB/DEHERFHECOMH. Hih, £XRGHEET
MySQL 1E oK R BIER e o i T4 DI 50, 7 DU AR R B P AT A7 i
NTIRERGRIBTRCR, %8 Redis /ENEAEIREE, HTSEHELEERMALHE
BT A

(1) ¥l 2T

YT RGN R REREEE, N TIEES NS EE S, AR, M. 2
SEATN, BURE T ECREERT . A, AT REREHMVIGEEE, KRB E

MR LM BR 07 20, 7R B BRI R S M R i e B Ik 2-4 P
& 2-4 Fc I Bk 4B R F B
Tab. 2-4 Database table structure common field design

TR AR TR RV NA B
create_by varchar 4 BN
update_by varchar i CEUN
delete_by varchar & VYN
create_time datetime 4 A1) 5 B ]
update_time datetime i EEG
delete_time datetime = I o i )
del_flag char o TR AR IR

ARG PR IRSS T REAEE L TS RS R, R RIBCR A5 M R i R AL R
RZIEPK R ET RGN, REHENEEHNENE. MERESEL. A7tk
X B K SEN BT, RGCRH TR E 2 NI RGNS, DAER T RN AT
BOMBEAT B A, Ik CehgiY . R S

(2) GeAF A i it

TR B R BRI S, (FHEET InnoDB 174# 51 %1 MySQL $4f e v] 8 2 18 21 1t
RERLERE o b Tt i55 5 3 M A AR G0 B (KB B R, A 5 R 10 i B R, B
JE I A B ARSI N . AEANE AR S IS AT, B B TARRCRMEURIE . O 1 il kX
R, RGBSR AT, IS RO 1 S A
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AICEFE T Redis 1F N RG M GA7 88, FHRH 1 Spring #E42H 1) Spring Cache, LA
TH RGN BRI EAT K. RS Spring Cache HEAERIVEM, LA HI9) A 105 Aok e
KRRt B ARAR D AR A 1, AT SE I R G B M A4, S B BT RAE 18] 2-9 By
TNo

< B R AR >
BB R A
ERENGHE

B 2-9 4% AR BIATRAL
Fig. 2-9 Cache data execution flow

FEPATESR B RERIER, REELHWREGITE T E&FRE. HRM T &F, e
FEGRAF T B S S AFAERT N B . WRAFAE, W BB G2 A7 v B O I 3R [ 25
U SRGEAT AT N B O HHE U 2 1 N B P AT AR L R At 2 M0, s 2 10 45 R OAr 2
AFRAE T, IR B IR 125 7 o I DL ERRAE, AR G0 RN K e e R 1]
F 775 AT 2 e A0 0 1R 2805

2.6 KE/NEE

AR B SRR I T OO R O S B 5 5 S Bk R BT . s, R
7160 2 G 0K R FH 7 SR AT T 00T, 7ETRSR MW ISR AE b, BEAT T OO SUE TTAL . 4E B
= E RGBSR ARK RIS EE, DU RS RS EOR S, 12 R B Ak
Beite R, EHu ARGERL S AR S IIREHEAT T T, N R GRIIT R AT R S LR
P77,
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3 B REGME AR E RS

PP 9 BIE R GE R A% AR T A BROK R “ D37 b 55, 38 ke AR A AL 57K S
AR L PRI R DL R K e Bk R EEAA TR, PRIk, A T DA SRR R R A B 0 A
XL R, RIS B R A &R, X LA HEAT AR 7y, DASE AR Y
INESD RV &

3.1 ZEBIERIF R

H AT, Nt Rk F e LR R A, WA HOKTR . S EE . B A
RS DAPOKTRAE A NG, A RE AT B S Gk, BMEAE R ASE
PREA S PR RN E R, AR R, B REARSL IR,
HARMF R @, N 7RI — I, ARERH 7 2 HEBEERE R, WE 3-1 o, EH%
RN, ARAE AR AR =, AL R 08 2 A SRRt . DASE R HON S/ VRLEE
BEAT A AL TR, I SIS R T VR A e o 83 o v A 3 11 20 SRR B ASE T 2 AP F iy N A
H, F2 IO 55 I B OGR4 SRR R AT SR A, AR R PR (SR ST, R A A Ty
PR, DMER R S B

hRIEiRA
-Hﬂm.ﬁ
EEED ’5
Eﬁﬂ.éﬂn ﬁ

PRI EIRRN
EAER ﬁ
EihiE#2 E
HAEin | =

T B 328 N OF HE S

B 31ERKRRTE

Fig. 3-1 Integrated architecture schematic
3.2 kiR AL

3.2.1 FiIHRE
ST AR —Fh T 3K SRR AR IR AL 2 K SRS . 20 2D 70 454X, XN
WL ZEM R T AR, R E S — A58 B A K oy, BN T
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R 2 ] e DX 48490 S 2 TR TR F) B AR AR I 18] 3-2 P, AR BUL TR KU R4
PSR VTSN AL, DASEIBERY P AT AE A K BE ) EM DB, ik
I A U B Q MMIRUIZR YUK E Dudan it o AR 2 B0 I i 2B L UE Ve B LA 3-1.

- h TP
BWRE BEEP, BEEUREEDEM
B WM IMP
FEKER AiEKER
i i HERIM
Pl IS .
Liﬁﬁ?? : o U ek
HEERRS | — RS QRS
rE— SM N ith
o1V ig:%, B3k EX s BiRkEQ
L MM REw | g Kss[mem | Weme | U0 | memRe |
D FEEND RSS AfRTRSS "I ORss
KG
it FiEiR KKG | WTERE VI WFER |
RG ARTRG REBORG
K 3-2 #3it (ZKR) A RER
Fig. 3-2 Flowchart of Xin'anjiang model (three sources)
& 3-1 #4iT AR A 69 A R A TE | 5052
Tab. 3-1 Parameters and their sampled ranges of Xin'anjiang model
SR ZHE N BB e
K (BRI HE RED 0.2~1.5
—— mwM<LE%ﬁm§§> 5~20
WLM CFZ5k 1K 8D 60~90
C (REZAEBUKRED 0.08~0.18
WM GRS &K AR 80~170
PR B (F/KARMZ&NEED 0.1~0.4
IMP (R 3gANZE /K AR EED 0.01~0.05
SM (HHKEKER 10~50
P—— EX(EEK%*E?E%%@) 0.5~2
KG (Hi F/KHRARED 0.01~0.70
KSS (i i 20 0.01~0.70
KKSS (it i R0 0.5~0.9
KKG (Hi F2UHIR R0 0.950~0.998
M/ TR KE CHLALI B B i iR 24 KO /
XE CHAL B S i iR 240 XO /
UH CBLoGiss b (R TH Adm B 6 28D /
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3.2.2 GR4J k15 HY

GRA4J & —FP A 8 sUME & K SO AL, YL [E 253 Perrin3125F 2003 457E GR3J AU 1)
Behih BT O AR B G B BN AR K R AT PRI B, R B — AN KR N IR
IKEE S BB A KB, B EE R 3-3 Fivm e B E B HGx,  xpv X3+ x4V
NS, WG Perrin ZEBERHNIRIEDRY, GR4AJ S35 80% ML BAS X [ in 4 3-2 Fin.

E P

En

VAN

Es Pn-Ps

dISERn

v

Perc ——» Pr

N

0.9 0.1

WES

BB (LR LlvE: 7]

UH1 UHz
Xa 2X4
Qs Q1
=
3 F(x2)
K X3 I R —
" !
Qr Qd
Q

P 3-3 GR4J 42 A 2544
Fig. 3-3 Model structure of the GR4J

% 3-2 GR4J A # 9 80% E 13 X 1]
Tab. 3-2The 80% confidence interval for the GR4J parameter

SR ZHE X SRR 0L [ X 18]
x;/mm PR oK & K 350 100~1200
x,/mm Hu R IR A e R 0 -5~3
x3/mm B WINES PN V&S 90 20~300

x4/d BT R IR A ] 1.7 1.1~2.9

3.2.3 FRiRBIA 1k
MR YR KPR 437 30, B 2 VA A 32 BAALRE — K RUHT 2 VAR 2R RN = 7K YR 22 T ASE 7 7 o
R, BIEFEARBOTEE . PR KIERI AR AN B . 1 GRAJ K ST R
FEAFE R BANCRB B, Rk, Wl % R S5 M RUE A T 3, s TR A 4 1
FET R oy RZEBURTHE S PR KRR AR S R
Pl TR N SN E 2, R T ZEABRHER, KB TITRE> N EE. T2
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AERJZ,  BLb 2 A R 2RO 755K 7 b BORR 8 B2 ZKONT FH TR)RE 7K R 1R 5% 28 DA Wil ™ it FR T
AR, ARG AT KRR s T RVEIR— ORI AR e AT vH B, Tl Y gAe J
ST R, 2 T, GRA) KRBT, FIRFI—RRREGE, bl
B AR AR P b BB, IR B R PR B A 35, T
AR IZESE, TR 90%: K H FAr4k UHL 5L, 10%:KHI A4k UH2 5T,
4 A B LI AP ORI, 40 I S B 17 ),

SEFUEAT, RGO BURBII L4 7 5 BT 9 AR S | P S
KPR o LA BT AL AT R A . REOGHRA T N — R RN =
BRI PO S B B AR AL TR 9 AR =
Sre SEHITTRALA LR SR Ve Stk EI A K RIOR:  RI T  2
M T UTFA I BB R SR 3-4 .

——»{
gl e B O
Lo rmwa

—» FERITE E— B

IR IERAHEE
A |
b

= I
=IKIERI SR

KRR 5>
BACCRA

SMKED RN

R MK IR LA

TR

SRR SET AR A

B 3-4 TRARAR A 20 4 R 254
Fig. 3-4 Forecast model component library structure

(1) HfFE O briElL

PRI R, R AL s M il 1R LA R ALy, TR 5 A v 2EL A A i 7 B
IR IR R Z, DARRVEAL A A A o il AHAFZ TSR JSON sEAAAT v #idfs
O, SHARREIEITIRIRE . GAUIRES DL i N e s X AT R 07 XA 4
BT bR, B A S IR i SR TR, IR JE AR AR SCSRALIF K 5 3 1 2R Sk
B, AT SEBLRART % N DR PR R 2 e () ToAp ALAF 34T A4

B ER R — R IR RN =2 RSB AL XL 13K R RS R
AL BRI A B R R, R AN R PR SR HCR R Bk, BRI
M SIEREAE RN, A BRI AR IR P 81 7K 73 AL 32 Hh i AR S5 S A v
AN, WS SR H s I SR B A R S AR RV B AR 3, I X
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Iy AL S K BRI RN AR LR MK 2RI, DO RE A R PR I I P A1 e A D th
VT PR B, T Y s P B B st iRs, e N Dy tH T T, S g TR TE B
M. AR O RARHE 7 U T RO R AL, A7 Bh T S AR A Y ) B A
PEAT 2 F

(2) SFr TR fF 4L

PN AR ) JF B, DL = KI8T VAR ), LA adn 1] 3-5 Fros

—REHEEH
SREMAER
> ERHE ————— BRERA
SKFHFRTRR
KBRS E
KBRS
SRR B
RO
TR KB A Y
R EDREN

SHFARCRA L Y

B 3-5474%it (Z/KiR) A 844 nk,
Fig. 3-5 Composition of Xin'anjiang model component (three sources)
IR 2 A N R SRR &, B 2V Y B 8 R e [ 5538 kAT 2H 20
P 3-6 i, L bR ALAE ) FIRAL I SH 7 0 A B REAT I A

P,WU,WL ,WD,EI

MAEBRE

sHHRER (CEEL) A

KWUM,C,WLM,WDM,WM,
B,IMP

SHM

‘ SM,EX,KG,KSS

BEI
#ih: RSRSSRG
v

| AV

‘ KKG,UH,KKSS AREA WO AR
SRR
#t: QRS,QRSS,QRG
v
‘ XEKE SHESC A eA
BRE l

Wl Q

A 3-6 iR (ZKIR) EmAFX AR
Fig. 3-6 Relationship between components of Xin ‘anjiang model (three water sources)
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22}

MNANFR A Python FRBEATSUNLIF R A3, T A v (0482 1 SEBLZEL A7) 1) {58
FEICIE, B2 VLAY R L BES ) \ASSEFI284F, AAFARR. KA FIThRENER 3-3 Fi7K.

% 3-3 # it A &R AL
Tab. 3-3 Implementation of each component of Xin "anjiang model

A FR K4 e
— R AEHUR AT one_evap.py — AN AR IR
TR ARBUR A two_evap.py TR RO R
=R ABR A three_evap.py =R A HOR R
B A runoff_under.py B g ot B
ZRYER A A two_sour_div.py AT KRR 4
KRR A B A three_sour_div.py HEAT = KPR R 5
LR K I I AL xxsk_flow.py 5 5 L s v = A N Y I 7
L sOR VO A muskigum_flow.py R 7 = S Y

(3) GRAJ KR {4k

GRAJ /K CHTIH A S an & 3-7 P, FEN—EREUAM . W mart. Bz
ZACTALE A S AR A K BV AL o 8 o] — R AR RO LA N B R PR ZE K BE I E
RAF R E, A K R B 7K B Py s B i R AR Y 2 By N R 28 R B8 1% N B P I AR A5
BIPREE B RGP MG R, S8, M A A% N B AT B A AT 3R A5 B IR
GERQoMQy: FIGH AL IRES RMxy xa A8 NAEL MK FEIL I AL AF 45 B3R 80 H 1
SEQ, A GRAJ KM AH A 4R k< R & 3-8 fra .
——> —BREREE Y |
FHELH » —EESLEAH |

L —EFRHxEH |

A 4

—> ERUE —  EHSRY

GRAJIKICHEER

—> TKiERAEAY |
> SkiEsEs |

—>  BAOCRAHY |
— DR gMkEDREs |
TRUE > ek ESDRAN Y |

> AMDR > SFsROREH |

B 3-7 GRAJ 7K SCAE AL 48 444 ik,
Fig. 3-7 Component composition of GR4J hydrologic model

KRR 53 —

\ 4

v

27



G538 T K F A E 542 ib

[
\ P.E —%—’«?ﬁﬁ)\» —BEMEEE —wih—  EnPs
\ R
\ } I N
\
} X1 —}xm—» TR — mm—s  Pr |
\ \
\i \ [ TN
| % |
| Xat J‘—w—» BESOREE —wi—  QuQ1
\
} } v TN

\
| XeXs —ia—> JERAKESCREH
L _ ! |

B
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B 3-8 GR4J A &40 4+ X #
Fig. 3-8 GR4J model component relationships

GRAJ JK SRR S AL BB DY AN Se B A, Herp 28 O AL E A= i A B 2 R R 2

PRV, 3R 3-4 FERORBUMNIALHE R .
% 3-4 GRAJ /K AL A & 28 4 5% 31
Tab. 3-4 Implementation of each component of GR4J model

HAF AR *4 hie
2RI IR LA uh_flow.py LS8 (VRS a0 = B 1=
LR K RV A A un_xxsk_flow.py et oK 2 T Rt FC i =

33 BHMEES
331 SHMR %

PUKSCE R S8R iE ot & HEESiSIEEARZ, Kb aifife g ik mmisg
FRRIFANAAIE, IR LR RO R 8 FE R H bR R U I R o AR AR AR, TR
B R R BRI EOBEIENRYEEBAIN, XS ERINB A, BAGT
—E B . SR, LE TN i FE AR 2R S B A FE A K SO AL B, e AT A A TV U
LNFHRIE R N T REICERRE, PHRENLEE 5N T — 258 3 30 F- 005 .
IXEERE R RE . BRSNS, Befs T I ST 52 A 7K SO A S 30 % ) 7L

(1) NSGA-II b5k

H T NSGA-11 (Non-dominated Sorting Genetic Algorithm 11D BS-S8IS L AE /K SRR Y S35
RIEEAT T2 AR . NSGA-II & —F £ HArfi b5k, J2 DebPIF 2002 4E7E
NSGA FR:Al Fb AT o5 200, HARr s A4 R A A SCECHE 7 A 3% B 5 DA ROEAG i
ey Z AT, LIS A1) Pareto BTV, [RI B A ] B 1K 2 50 B R A )k A B
F, AEHAE SRR B T 2 AU I REK A, HRE AR R 3-9 TR
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TSR

B 3-9 NSGA-Il H kA AZH
Fig. 3-9 Flowchart of NSGA-II algorithm
(2) KRR
BT R AL (Particle Swarm Optimization Algorithm) & H Kennedy #11 Eberhart[®]
T 1995 R — PR e B, RERIEA TUE S TR EWNELIE. /£ PSO
H, ﬁﬁ%ﬁ%Tﬁﬁ%*%h? TR AR YR B & 250 A0 E R S BRI E O
(AL B o AN A AT R, K B AR R EVE AR T a3, RIS

?%)%‘Bxﬁnﬁcpo PSO FIEEA M 5 S, &R TR ommRs i, & T S Fh e f
W] @, PSO HIEEMFEW A 3-10 firs .

VR
EEL R

R TFHE
{8

BENMEEENTRERRMRT

Iiia

il

ﬁﬂﬁ%ﬂiﬂﬁﬁﬂi“ﬁiﬁ

=5

A 3-10 PSO H k742 B
Fig. 3-10 Flowchart of PSO algorithm
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3.3.2 BRI EME
FOKCHRM S, £ HRAISHERAE R T AOI R R R —ReE, TER 1218
Fd R A FAFAE, 8 1 i PR S HRE RS B8 42 1 A0 S SRR AIE, AR I BA R PO H
FRAE N BK TR S 5T U0 H i eR 5
I RR 2 (NSED:
Zliv=1(qij,sim - CIij,obs)2

NSE=1- s (3-1)
Zliv=1(qij,obs - qi,obs)
iR R Z (RRD):
Tisim — Ti
RRD = 5 _LobS o 100 (3-2)
ri,obs
PG H BT (AR 2 (PKT):
PKT = tl5 — thops (3-3)
HtigER iR % (RPED:
qpeak _ qpeak
i,sim i,0bs
RPE = — peak X 100% (3-4)
i,obs

S, N NIy sim PG4 ops 2 9 B UK R LR BN FOSZBRME: Gions
N B PASTFET I 17 oom T, ops 75 55150 0K (KO RERL 0V  S200 £2 05
EPCCK PSSk 53 )y 5 it K O DL D SR RS s @R R qPeck 45 B M 187
A T A S AR

B KO RTHRITE), Joh NSE AT 0.7 94k, FUAM B 2503 5 (R
Hilf; RRD /N 200639 20k, HATEMGHIT: PET AT 30%J9 2k, HATEAGHILE: RPE
T 20% N, SLIRRIGHRLT .

3.3.3 BHMEBHNL

W T 2R TR FIENRAF, FIEZ W AFAEE I, BT O L R
PSR, Sl FR A 1 H AR RBOR 2R 2, RS 5 30, R R R AR
BRI AL, R JE R VPO TR b RO RE EEVEE AL, LSEElNER 3-5 Fron. HAHE
ORI NS ALk SR AP E 4R br UG RCHT R, IR A ik 5k, R 4hR L

KR, SEILEARSAGIRIAT, )5 SRy B TR AR R 2 1 B0 B ANt S
% 3-5 B AR & M K
Tab. 3-5 Implementation of component for parameters calibrate

HAF 2R X4 Ihie
NSGA- I Hikd4 4 nsga_2.py ZHRIk
PSO Bk pso.py ZHk
R VT 2 A accuracy_eva.py R FEVEE
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3.4 HACRHAEE

3.4.1 DHEIRRIEE
(1) &tk B iR A
LR G.T.McCarthy T+ 1938 48 H i — Pt /KB E W 7, Re iRy
TALE B KE HE SR E R RS, HIEARIETE AN
IKEF 7 F%
P _1-¢ (3-5)
dt
Ab: W OANEBMEERE (h-m?/s); t A (h); | BB ARE (m3/s); Q N
BHME (m3/s).
R LVAE S
W =K[xl+(1—-x)Q] =KQ’ (3-6)
Arp: QRABMME (m3/s), xAMEERE, KEREE R (h).
BAI (3-5) FIARK (3-6) AT ZE 40 RANIF 2 B B 2 7 9 -
Q2 = Coly + C11I; + (04 (3-7)
Ho
( 0.5At — Kx

Co=05ac K — Kx
0.5At + Kx

1= 05At + K — Kx
—0.5At + K — Kx

C, =
\"2 7 0.5At+ K — Kx

A

(3-8)

Hii 2 -
Co+Ci+C=1 (3-9)

A (3-8) M (3-9) FLFEIA RN &ttt Lt R AN, Hdn, LEREBRYI]
KINE, QR /N IEN BV E, B e SHK M, CLUREF R BAL, w5t
A A R B R B Cos Cv Cyy LLIRTE TS0, -

(2) JRENEE i i A

SRRt AR I AR B 2k, T2 B i R AR A U B N TR 2 e AR AL . AETTE
LB BB LR, BEE KA BT, KIS BRI, IR R, XS
R LR 1 D W AR R 2 P A K R 2 . 0 GIlIBUZE NS T AR 2R 1 S M AR AR Y
HARL MM E TR

PR 1.

W, =K[xI; + (1 —x)Q]™ (3-10)
1:;-;91% 2

W, =K[xI*+ (1 —x)Q™] (3-11)
A 3
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W, = K[xI? + (1 — x)Q1] (3-12)

Hrr, mERFEEIELMERE.
a0 (3-100. (3-11) PLA (3-12) A 4rpl43 3] =AM HELe 4 S W iR v 3t 7 12, W R R

7N
A 1.
Q= (1 i x) (%)m Bl (1 i x) I (3-13)
I 2
Q= [(1 i x) (%) a (1 i x) Ign]m (3-14)
R 3
Q= [(1 i x) (%) B (1 i x) I"?]a (3-15)

MULE=A R, REfEHSHK, x, m, pMqlisig, mtar CURFHEEZ M
B U TRAS 2R v A PR TR 4 R

3.4.2 —4EKBh HEFIER
AR H B Bartos(®2145 A& ) pipedream #2F T B AR ALK B F1 25 R fs b AT — 4
IKEN SRR TR, KB 27 R A28 BT H 5 R BRI 3-11 oo

boundary
super junction

super junction

Link
Y
Hs =
v
= He
Js
Jjunction

Je

superlink

B 3-11 K3 7 5 K &byt HRER
Fig. 3-11 Calculation schematic diagram of hydrodynamics solver

IKB) F15 R AR e I T — 4B E e VR & 4Em (Saint-Venant) 5 FEHEAT R SLBILY
HAR AR EFEMS R T E e, BfREXT:
JiR B S S R
94 90
5t Tax - din
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SR

8Q 0 ah
Eﬂﬁ;@w+gA%;—%+%+&>—0 (3-17)

A AN KB ER (m?); QB Wi KR E (m3/s); wAIKIRIITF 158
(m/s); hWAKIE (m); x AVETENIEEE (m); g A5 B RIRE RN (m3/s); Sp-
S LIS, 3 BRI R LU R« P H K Sk 45 0% L B R RS 3 7K Sk 2 EL e

Pipedream @it K Al SUPERLINK 77 iEEBRR g Bk 75 fe, RS MK I 75, o4
MG RN HESTTE (R5l A, TSN EENHSIETRE (R5l Rk, AN E
W SRR V20 ot e~ TE MR 7 R B O

QLA — Qi + (B”‘ﬁx“‘ + B"‘“‘ﬁxi‘”‘ +Agp) Py~ b MM— B — Qo (3-18)
CEIL WA A S
(05 = 0f) % 4 1O — w0 + 9w (LR — ™
— g Ao Axir + gAiw (Srix — Spix)Ax = 0 (3-19)

X BRNEERMIMEE, A NZIC S MRER, Qu N maEmA. B4
superlink Fid B 465 i B AT R superjunction $24E, {XLE superlink FO3E E1RD H 114
i RIS

0 = CAJZgBH (3-20)

X CHEHORERE: AH A superjunction 54481 superlink 121 Fi&E B2 /K k2

IR Saint-Venant 75 2 B fF IR A BB G At 7 R d Ik i B AR A AN )R] 25 K [
IS SR A I AR R

3.4.3 EFRBIAHL

I H s RRUASE AR 7 VAT vk K g e o A, 1 R B U R AR B ST T R R
S BOEATIE SR, HOTEM B SHER . SRR K S I = A4y, fonT
W HAFMENIX =R . D R AR X o N VARG A P Rl JE SR PR AH L 26k
BB SR FH ARG VA 5 7 2 DA S AR LR MR gt i R SR AT A5 5, R, 3k /K gk 38 40 v 4k 2
K1) 53 9 2 1 Y33 2E A4 UL R A 4 P st 2L A

— Yk 7K B IR ) 2 e ik B T R 43 RN AT W R4, R Saint-Venant J7 #2EAT 7K
BEVPRL. HOCEETH RO IR T U NEAL L BOK B o E 5, BRIk, Dl AR AR i 384 4h
FK B TR R

FTUL BT, RGOS R AR T B R OK AR HOKBINA A, Rk
WANANE . —4EKB A LA RSB e A, Haiian B 3-12 B
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SHEREAML

\ 4

—> SMRIERBAN
—>  HUKORFHER  ——
——» EEHEERAH

TRHHIRAVAHEE »  HUkEBmMAH

\ 4

mEFRMAf

—»  —HErkEnhAl

B 3-12 IF HEAR AN 40 4 B L5 A
Fig. 3-12 Routing model component library structure
(1) ZAEE M st iR AR 21 4k
NE By W AR R 25 i B O e o, LA AR an ] 3-13 P

A 4

SWREAG v

—> LMEREEREN Y
—>  HUKCREAT —
——> F&MRHRBAN

(BESHAREY |
A

y

HK BB v

> REFRIMAY

—»  —4EKENDEH

P 3-13 bk By 7 R ARAR AL 28 4 K
Fig. 3-13 Linear Muskingen model component partitioning
FELAE S stR AL, W [ S8R A M AN BRI BANREEREQ, &
SEAT RN 2 S M sURAR A S HK M, BETTSR HYE I JS B MR R Q' & Ja M & 1%
NE MR Q S RISEhr R E Qo F2 IR AL A [ an AT 4 HHURE 28NS B4 HEE o 55320 8 5% B ot
T, Wl 3-14 fon . AAFRISRA T RE A B Ak 3-6 .
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1.Q —hiA—> SHE AL —ft KX

¢ LTIPN

1 —iA—> RPEEUKEBAS  —wm Q7

l i

BoKBMALE

ik

Q

P 3-14 Sobk BT RARAR A & 20 X A
Fig. 3-14 Linear Muskingen model component relationships

& 3-6 &M D BT RARAE A K40 4G SR 3L
Tab. 3-6 Realization of each component of linear Muskingum mode

HAF 2R X4 Dhfie
St vk K gk 2E A linear_flood_routing.py HEAT KR
UK S 2H A flood_overlay.py Btk RSN
SRR T 1A flood_routing_pc.py TR S8

(2) ARLME S Bt IR R 4114k

ARLEVEANZNE S nORAREAY, #0R] DRI okt . SeR e ULUGOK &N, JF H
HOR BN T R LML 5 W R R AL, AR 2 AR AE T AR 2 ik 5 i R AR R A koK
T I R I P AR ME PR LT AT IS 5, Wl 3-15 Fom. AUAMATFIZR A MIThRER
YR 3-7 s

> SUREEH Y

—>  SMERARREN
—  HUKEHRHEH  ——

—> FEMRARBAN Y

FEMSHRRE
ek gy

v

HOKEBMAH v

\ 4

mEFRIMAL

—»  —HEKENNEN

P 3-15 dF 2P By U7 ARAR AL 28 44 X 4
Fig. 3-15 Component partition of nonlinear Muskingen model
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& 3-7 AR &tk T BT FRARAR AN & 28 4 69 5% I
Tab. 3-7 Realization of each component of nonlinear Muskingum model

ARG Y K4 TR
AR Mt K T LA nonlinear_flood_routing.py HEAT KR
SRR E A nonlinear_flood_routing_pc.py THERRI S5

RS 1 B s AR 2EL A TR ) A e 5 et S B U AR SR AL, ANFIZEE TES R E A
b 7 A IR AR 2 MR i /K AT P /R S 80T R E

(3) —4EKahFEHY

—YEK B AR R A )2 pipedream #: T AR ALK sl R g as b TR, 1@
X HF BN 4E,  HOCHED IRAE T dh $h 15 5 (superjunction) B EE DL S5 A5 [A] 1 5%
AT ELZ (surperlinks) #f7E, HAL & R EHER N A WER 3-8 Aor. HARisin
W EE MR EOCHEN T DL & TR A A e, WK 3-16 Fras, K4 B 5o
(www.openstreetmap.org), R RS A RIS 432 3L AT A5, o 8 AN AU

FRMMZ =, HR AT R
% 3-8 superjunction YA & surperlinks 4% i 2= 4 &
Tab. 3-8 Description of superjunction and surperlinks parameters

ZHRG S TR LX) ZHE X
id L
name LA TR
dx m HRKE
surperlinks Q0 m?3 WG E
h 0 m PR 4 p R UR TR B
5j_0 U R
sj_1 T RS
shape(g1,92,93) LA ERS)
id Rt RS
name AR
superjunction 2_inv m %IEE%M/%%
h 0 m T VIR IR
bc TR NI S
max_depth m AR VR R TR

HORHE LRI, — KB ) PR A AR lcan 18] 3-17 P, il e bh Fh AL AR RN
RPN SR B DA ST AT T TR (Y RO R WA R . W T R . WRIREE
TIRRER, VG E) MWEREAINER, 433 superjunction DL superlink 4 . AR K15
B SRR EEIE | R ESE LTI, A BB B A R4S 2
TMEHHEQ, TR 4 AN A 4 & BB L 552 4R oo s EAT 28, an ] 3-18 Jr
e HAE FEHIR N A WE 3-9 s
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Fig. 3-16 Node generalization of Tao River basin in Lintao County

> SEEEEH Y

—> SRR RAN
—»  BUKEHEEH ——
——» JREMIREHEEEAN

y

—4HEkZ R Bk BB

FERIMAY Y

\ 4

—» —HEkBI AL Y

B 3-17 — %4 K3h 7 FAE A AF R 5
Fig. 3-17 Component partition of one-dimensional hydrodynamic model

LEB MR ARE, o §
5 RN E R > TR A
H¥yH: superjunction,superlink
v
1,t,min_depth, - . _
mar:lgepif?,dt » %K S
Wil Q

B 3-18 —#E K AR &M X A
Fig. 3-18 Relationship between components of one-dimensional hydrodynamic model
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* 3-9 — 4 KF) ) AR & 28 4G R L
Tab. 3-9 Realization of each component of one-dimensional hydrodynamic model

A AR x4 ke
TSR AN A basin_topology.py HEAT LA
— YLK BN S Ak one_hydro.py AT —4EKB) 1T

3.5 Pt A=A

3.5.1 FEREE

By 4k 8 FE 1 = AT 55 R B kA, MR KEERDIA T, R B0 AGE R, KET
TS B AN AR T Vi I I ) 2 A . Bk AR Y 3 A A 5 R R DL S AR T BE R
i, R P 7 B AT G BRAE SEBR AR P B e b, (AR E R AW A TR, H B B
R, T H AT NSGA-II SHEAE K PR R B 77 4SO 1 T 2 e s, % F A
FERAMAFE R, I NSGA-N LK B3 AT R R b e, AN I B e
P 3-19 FTa .

KESH
(=
A%

A\ 4
FHRLE <

| |

A 4

S

/A 3-19 B 38 KR4
Fig. 3-19 Flood control dispatching process

FRAT, R U v DU 7K 2 B it DA R B2 e ) i LA, R B A e N P A D
AT B BE e U A RIS b, AL T8 0 R R B A, SR/ MUK H R LR
CER B LTI i) A KB T A S DL R W o I DAy b, 3 ST 7K P Bl A A T
PR

ERINESEAOSE

F; = min (Zm 1qt2) (3-21)
F, = min (thlhg) (3-22)
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H: mARBEG q Nt 2 PR E Tl h e 27K PE KA
AP S ICOF
(1) IKEKEFHLIR
Vier = Ve + Qe — q¢) - At (3-23)
Hr: Vo BARKEBKE; Q Nt BN FIINFER & q e B P35 it
B ACNTHER P K
(2) IKIEIRALLT R
Zmin < Zt < Zmax (3-24)
H: Zin NKE RAFIIBARIKAL s Zpin WK EE SOVF B E/KAL s Z, A BN K B 7K AV
(3) IKEFEHLIR
Vinin < Ve < Vinax (3-25)
Hd: Vi NIKE RRVFIIBAREDS s Viax NKE VPR EZS s Vi NI B 7K %8 J2E 25
(4) KPRt 2R
Imin < Gt < Gmax (3-26)
HA: g WKERTF RN FR R qua WKERTREER: q N0 BN BIKET
M -
(5) Rt LR
lg: — q(t — D] < Agyp, (3-27)
Hr: g, — q(t — D) NAHARE Be N R R R B SE; Agn NI ENE.
FIFH B K HIEEHEI ,  EAE ORAIE % 7K B PR 45 e ORI R R IRE, B CR K 2 T T B 4 T 22
YEHEA, FEH /ML, TSR PE B H R E I R

3.5.2 HEERR AL

FE)IE 7 LR E R A 5 UK PR IS 4. KPR R 2k KA I B i 2 S5 s . AL,
ARG WA IE R FEAE R P R 25 P, R T R PR AR B 00 Jl o DK R R E S F AL AR A
AL M 2 (B AL R, R SEVAEE o gk o NS B e 11F A1 NSGA-II fLAb T EE AL,
ke 3-20 fran, HAPFSCBLNGR 3-10. #5 w5 B INA B I OL AL SRE, R @A nAE R4

GGRAITIE
& 3-10 7 3 98 B &- A4 55 3L
Tab. 3-10 Implementation of flood control dispatching components

HAIF TR X4 hie
IK EERFE 2 B 2 reservoir_parameter.py SRR PERHIEZ 3L
REAIE 1 2 47 7 2H A4 reservoir_curve.py SREUZEZS 4
NSGA- [T Ak 1 B 41 44 nsga2_opt.py NSGA-TIE Ak 1
SRR E AT reservoir_pc.py AT R FE R SR 3 e
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> IKEFHES BB

> SSE IR {E A G
BHtiE R LB —

> NSGA-IL 1L B RE A 15

> SHEEAG

B 3-20 o7 % 9R EAR A 28 44 R 45
Fig. 3-20 Partition of flood control dispatching model components

3.6 tRBVEA R EE @ ST

R 1 B (VAR FAE T Se U R L 22 (B (36, A — AN AT g MR AT R
H TS mR R g el & AE, > R R I TARE . AR i LA T 45
PrEfC AL, WA 3-21 P, FEEZESMWERTUZAMFRRREE, HRIFHRMGEE,
SCHLR AR IR SR SE I . L g8 — I A dLPF 48RO &R, —EOL 7 48— U R AL, O
WA, A BRSO O beifE, QiR HSER T AR S, SELAAR SRR AT 5 sl
Prtsd, EAAREAME, JCH ST ArE e AT AL .

EiEES

Class Abstract

@abstractmethod
def compute()

A

BALIAR

—MEH FiMEH S MEYE
Class module1(Abstract) Class modulei(Abstract) Class modulen(Abstract)
def compute() def compute() def compute()

A 3-21 fAAHAR R O iR R
Fig. 3-21 Component standard interface design drawing
IR AP, AT DASC IR Y ) G — A AN = ORI A AR A A R P AR A R A L
N 3-11 fizR .
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& 3-11 4844 B4 4F N R L
Tab. 3-11 Component library component public condition

A A A AR
— R ZERUOR A BT, GR4J P
B AL BT, GR4J P
i KRN o A N
HEIK TR KU L BT AR Y
LR MK B A R
Lt AR 2R A GR4J #i#!
BT 2RI IR A A GR4J #i#!
b AR 2HLA LR
BRI ZH A Bt AR 1 17 AR
—— iﬁ%Mﬁ# %ﬁﬁ#%ﬁ%%?ﬁ
MR EZeE (AR G — YK B
— Yk K3 1A — YK B
NSGA-II BiEL M \
ZH ik PSO Hikdl 1 \
R P VT e A \
IK EEREAE S B TR 2R
[ V3L REAIE 1 2970 17 2H A TR 2R
NSGA- I Mk i B2 1 NSGA-11 4k 1 B

3.7 KE /&

AR B o LA A SR T B M B TR AR R BREAT TR AE e AN AR TR g 5 e 3
RNT, S0 T UK FRAAD | K GERERIT [k R DL S S 1 v 1 Sl
B, AFERT TR GRAY KSR | I M SRR A | AR5 7E BRI VA R R
FERR A R T, S R R R SR A, I v B 11 7 A 2 B 551
AT, SR (R TR, R AL P, i S R TR 6 A TR B {3
.
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4 BF AR %S M AR5

4.1 RIEEB GBS AINR SR

SCHERL BT RFH DI ) RGN T BAE — R BN R AIRAR R, KT T Ra R
AL G5 I S 5 o AR ST FIE R B EAEZeA . MR T AT AEAN AL, M55 N
FE AR AR 3 5 2 B AR5 SO, AR A3 BB 5 22 e GBI 2R 1 1R 1 05 308 25 36 55 AR
N ARG, 1 HACRAR . EOOX e, AR AT TR A 5 i R R R A
L3R =y R G R BEAL AT, (B RIR AT AR NN A, AT ST AR AR R 1

4.1.1 RIRBVFNRRE /A

FEVE DS R F BT, PR EEAFR SR AR . MR KES
T BITHIERSEEE . SEGNHMALL, KBRS AEA BERSE, KAK
BRAR B CA 72 | RESCRE S, A& S aRi) F N SCHRERRE /), Ref% 5 kAl 2 Ao
FI i) e [R]I,  RRR  A Ab B ELFE SCAR M R AE A B A, (6 RE e Fy it 5
AT s iR gE, RAEEINZFEAE BAIRS . H AT R ARG 7 A2 E
= FF: A (Fine-Tuning) . 2 T 4275 L# (Prompt Engineering) UL & K 2 34 5 4= A
(Retrieval Augmented Generation) .

Fine-Tuning & — il i v 8RB S HOR & BURE € JIR I T, R alid & T IR Le 75 22
i B AT %, S A B I R T ren i e 1) 50 B AU o BT PR T 507 R8T, i
HL R 25 AT REFE A B R TF A TR0, BT Prompt 77 s K E 2 15 B AR S
AAE A N TR A2 KB, AT AE RS A 8 LA 3012, XA 7 20T DA £ [m] 25 1 1
P FORE B, AERASE T — IR PE AL B SCAR R (token) JEA PRI, W RAIR B B K,
X R, HATAT AR R AT R 2 B R

% Fine-Tuning A1 Prompt 77 & HAFE R RIFRPE . A Sk £ R HIAG 2 48 9 A B U7
FORSEI AR 5t B kiR IR & . RAG A2 — P i 8 Rl A 38 60 1R e S 4 i KA R ()1 10
990, H R CnT LS BI R A 251921, 18] 4-1 7R T RAG BRI I LAEGAE, M -
[ R H tH— AN 0 T TR U AR o 1) I N, S22 BR T H A SR ictls , KA AL ek B
25 MAETR T RN, 1 RAG JEIE AN EBFIR PR R R BAR OO, R 1 IX—RITASS 6k, &
W Aor 2R B R AH 5 N A P e W) B TR) RS R e — MR, AT S RIS R R T XM R 4
tH— B R . XA RO A T AN AR EE R R R, R T TR
5E IR Rl B8 T
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Chunk 1: ..
Chunk 2: ..
Chunk 3: ..

B 4-1 RAG &) & if A2 % 151
Fig. 4-1 A representative instance of the RAG process applied to question answering

4.1.2 ImRE=ELabE

RAG R HFEM) SeHESLHE Seih S 75 BT 2R P AR B 3h 47 Wb B . 7E by ¢ B
M5, F1iREEE R DL Word. PDF. CSV Hll TXT 5t R AEME, AN ads B EuE.
EHARR, ER e IAAAEE =R E A+,

9 T SEHLM IR % B SR 0 %
SRR 42 s, S BREEERIER. HOR 4 H.

HIEEEL
Ve ‘
}Q & BN EE J
PDF XLSX
w !
SUEHE ) ﬁ
HAEMmE
AR
HIENE

B 4-2 Zn iR B AR AL 2R AE

TSR

Bt DA EKRE, SHEX
3 SUTRBER], RIS
IKEBNR. REPREEE AN

Hodfe e AL AL R B A A

(((

[EIEHIEEE

8 FE

Fig. 4-2 Knowledge data processing flow

LangChain 5& —/™% "] I T4 (18 5 A 20 9k 5l 2 FH AR P RO 2R 000, it 17—

Foo AR O, BURAL e OB R S5 (N AR PP A9 R . ASCEZE ST LangChain

HEZR,

FERGIREHE R TAL B TAF, B4 DIRIT
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(1 HHahnE.

A0 Bk TR ) SO 2 PR S A B, O T NGRS R SR A I B, R
B AL E R — a0 LangChain HEZL AN [FIZE AL 4 3 41 1 AB B 1 in##%  (Loader)
T H W SCAR MG CSV. TXT. JSON 4%, A LLEEAEHIX N Loader BEATINEL, X
T Word. PDF. Markdown %60 7. B v MR W AES LR, ») DL 4kk
LangChain $2t () UnstructuredFileLoader #2171, HE X4a’5 Loader, LAALEE PDF {4 R,
A INEE S5 R 4-3 Pror. i Hir KA R R Bl B )y SUAR R AL, DUE
TS —HAREA,

f )
[Document (page_content="
BENXF\n\nil B FIE
\n\nZ[E3CAAE
\n\nEngl i shtext"',
MyPDFLoader metadata={'source":
‘.. /tests/samples/test. pd
D]
B
- /
MR AN

& 4-3 PDF # 440 £ 7 & B
Fig. 4-3 PDF data loading diagram

(2) XXARE.

I R SCAKER /T Re & T I E B A, Bk, I — e R o
XI55 /N, A 5 BB 25 5 W AT M A b EE . SCAR B B ERAR R, —
B E SUTE RPN AR A 2R AR R, R M R Tokens FREE ML T HRAEH
SCHREE T BE IO, B R AT WSS A SR AR EINE, DR EIk
VB R 5e 3k . RN E A AL R ) Tokens BRI, e 2 SCA 2> BRI K FE

LangChain #2 7 £ZM St A 4>% T A, RecursiveCharacterTextSplitter J& JL4HE#E 1% H 52
ASrE| 2%, Al LLUE TS E AT R OR A RIS . ARSC Ak ARZ AL, S RO AR T A
WO AR5 BN E L, DR ZRIA SRUCEC i 7 AT SCAR D) #], DU 6
HSCSCAR Rt RE 7T, SRR I B B AR PR RS K/ (chunk_size) FE & 577 5 K iE
(chunk_overlap), /018 A& BRI, Hd chunk_size #8128 U E) 8 7455 8§ iR &K
&, chunk_overlap fRUIHING, TG M EBFAFH EE N FRHE, Aad2milil, &8
¥ chunk_size X/NERIAEE Y 250, chunk overlap % & A 50, LAIER 2 AR TR,

(3) Fdf 1tk

FH 7] = AR B RN (embedding) HiRSCHL. Embedding & —Fioks SCAR R D 9K
YeiE s R EARIY, @I SR E RS, TR ERNE SO O, (AR ALLIE S SO
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KO AE RS R R s . B AT K Embedding BEARHRE, ACEA “bge-large-zh”
£~ embedding [FEREBEAL . 74 embedding BEAUN SCARBEATAMAGIN, B oS 431
% (Tokenizer) Xf SCASHEAT 73id],  J At o335 5 2O — DU BIRE R — A4, AR JE #7317
J& W5 P BV A Syt L i R R, Gl 4-4 FoR. TESr A RE R, 2308 B Ik AT A
IEAERNCR AR, Oy 1 5t A BN e Bk, AR SOR A e O8] H iy 07 0%t
“bge-large-zh” BERIHEAT —RNZR, BOBBERY Y 3R] 45 038 7 o, A AR IR SCB A BEAT 7
i, DA JE SR B RN ar bR, (ALE I R B R LA 4-5,

MBI ARG

Tokenizations @

[cLs]  # B r®E 53] i % 4 [SEP]

101 3825 3876 4135 2154 7344 2539 5143 5320 102

Embedding @

-0. 4001375 -0.35265076 -0.9639963 ... 0.01276097 —0.07500105
0. 16496475

B 4-4 RACAT 89 LA ) = L A
Fig. 4-4 Vectorized text coding before optimization

HEREGHRG
Tokenizations @
[CLS] HYREH ARG [SEP]
101 21128 102
Embedding @
0.02139995 —0. 13529019 —0. 38426766 ... 0.15074436 0.02190538
—0. 29883173

B 4-5 AL 69 X A 58 1 %
Fig. 4-5 Optimized text vectorization coding

(4) mEAFME. FEINFREBIEATREE R, RALSRIETT TR = 7T e FE D
KENE. F, A5 N7 FAISSIY (Facebook Al Similarity Search) [m&E#E%E, LA
WA RIS . FAISS & Facebook JF & [ — kit REAR MR BT U5, ik T A0 3 KR
Bl e ) AR, R B IR B S AN R 5 45, GRS 3E E m ml EAH A
PR 2R I
4.1.3 FIE R F R

RAG JitFE LI 28 — M BOARH AR EAR M A, 4 B el RS AL SR el I, 380 v 2K
R IT, ARSI EAAKEER, REHXERR BT CEREAEAR] Prompt 241,
RBLAYAKHE Prompt $87R, AERAHRIZ S, MATIE T Promptl T RE$is (1 42 75 4f F K ASE B 3t
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ITHRIE S APATSET, B AR N PR, SRS KRB A sl A S HH i SeoA, 1
NG 4.2 AT E.

SR BN R EEAARE =N SRR . IR EHEF DA A i,
K 4-6 FTomo

|
— () —— S |
" | s |
e
ro =REHF

RAEBIA R

-1

B 4-6 £ iR K AE 89 2 Bl IRALZ
Fig. 4-6 Application flow of knowledge data

(D B R, B R FERHMACER RN T, SRS SR, )8
it embedding AT IR EALGRED, SR 5 IS THR R A R S ) AU R R G| R Y )
A PR EAHLEE, SR R m R &E, /ERmE LT, BARSIRWE 4-6 26
RELHERT N, HARZAHLE T AL A:

b-q  Yiibg

bllql
ZLL=1 biz,/ZlL=1 qiz

X, bFOREEEPAAER AR, g mH KRR E, LRRHERKE.

(2) ZREHF. SNREHTEETRRBZA R, X RS R
FHIHERTREAR TR, — S ] GEIEH A oC (& 4-6 WRar /R, 1 55— e AH SRR B v R
5 (& 4-6 Mgt/ O, B SCGEFARIER RGBS I “bge-reranker-large”
HATEAL, DIVHE R RSB BRSSP R AR CHE, AR D B R TR S
VERTENE B R

(3) KRR . TEM FAISS [ & FE R R BFHCHN B R UERIGE, N TR RHE
RE05 ) FH X S (5 B AR HER 0 m1 27, 7R BRI IR 8 1R SO fE B ENE] Prompt AR H, ]
4-7 Fizs e LA DR KB AE AR Bl 25 I Be A8 R 0% (1078 S i, AT 42 v [ 85 B oA e A
FHIRAE

(4-1)

cos(v,w) =
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ilalgls

"R -HHEEHES . HENFLARETOE MEXENPEEER. HY RECHEERERE Z@E" .
'ARFEERPAES RS ERERART. <[4\

repsfEEs{{ context }}</BHEEs\n"
'ejaE={{ question }}</im>\n",

B 4-7 £ A3 802 N prompt £ 4
Fig. 4-7 The context information is injected into the prompt template

4.1.4 5 ENR R E

R UL EJEE, AR SCESLIER T RIE . TR DR RN, R 5 AR
IR KA AT SR R

(1) TRIT SR FE . PR 77 58 B () R Bk T SO S BT T DA S /K E S KR TR . Y
AUFEREPTEIR . MR TR TR EEESS, SO IMERE . By
PANEEYAL, ST 28 PR (S B A B

(2) BRZWPE. BRZWPENE SRR E TR AR, W TRFEEZLR . K
BL it B 2 22 560 55 KA UL T 00 D S Bt AL BR B TR 5K . 2 4 AT B AL B A5 Tk ST 1
BEAT RV, SKILPT SRR AL TR . 2 A A S LI T ik, A Tk
WAREE MEFTREE, NS RFEREER .

(3D MbSTHEIU e o b 55 R P L ALAENY VAR . B B PORARUESE, L
XML SCRY AL, TR AT A R B S5 R A RN AR, DASCHE 25 1 s iR R U A
XS AN AR A B RR I 5 3K, FRE AT LY AR AL 55 B BRAT N o

KB AR B B AR A2 WSk | BT R A 42

EFEERESCEREMMNSERME, BREITENS ARG RSEE BBREENSEER, BEEEERIEKE | SIS tREREmT. E%, ik
K. FFt, ERSEETERFEHSENHEGRS, S—EE. hFERs, Btk MERAREFHTENEEN, AEERNHSZ5R%. BRHADRSFER
RETERET.

" "7 R B SRR B A ok, SERIsk iR LB kg in
Tk, FEEEPKTE, MERLACE A, HREAY. BRATH
\n2, BEREYE, ALRKBIMEENSS. BENER

k. \niftkEl
FMES00F AL, 10008 BUTFE AR

R ATR doox"

nt",
573060870170593 :
9804334640503

B 4-8 A LAnin e KA A B A 3 b
Fig. 4-8 There is no knowledge base large model answer comparison

N T B UE KRR X B RRAE [ AR 55 TR R DL, DR N0, Jos 7 =A%
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VB A Y R E %, JF S M ORI AT LU, A 4-8 B T IR A A R
b, I R RSB R R = X5 TR IR, TR HER R A5 R . AHEEZ R, BEAT IR
Al PR A R e S N HE R gt AT [ 25

4.2 RIREI G535 HE AR RIS MR

4.2.1 KRB Agent #Eik

KR — i JAHA BN R RR, T A e 2 B 1), Rk Bt . 1
R SRR B, SR s KT K2 2 M2 RN, B 5E AR 15 AR E HE
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Fig. 4-9 Agent decision flow chart
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1) Agent K, IXFPEEIE A EEL, NP IR TR, AT Agent B4R ER fE
v RS e, A BRI R

(2) B (Planning). FEZ&HMEAME LT 2, PLRH AT 5 1 1) @k 47 HEBE K
Wik, PRI BE Agent BIAZC RSy, WAL K IR REGS A BE & A 2, F=AE &R AR,
BERIANE AT N N T HREE A BT, 75352 BB B AR BE R (A5 B R, IR
B DI g, B AR S5 O S0 E Agent B R0, AIERIAT N, DA R
f8H .

(3) 173 (Action). FBLRAGHIRI PG 45 R A TREBATHAT, I T AEIAT
SRR @SN T RMEE, B35 MEIE R 5 E K.

4.2.2 RIEBBRI GG 5532 B R
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X ] RRAE — E RSB T R RAE B S5 P BT . O T e IR LSRR, KR
RGBS A H AR B by e, SEPLIE I KA SR RIS K & S i dls, IF A
REX SRR X A, SR EEAi R .

NTSRPX S H b, ACEL A2 TRRE 70 I Agent [RIEF. 4731
MAIREF7, AR KA RS BRI T B 5 e e RR i A m] DL B N — >k 55 2 1 5
HORMIRN I /oK S SR IR, KRR a] UG 20X ANk 55, AR EE P [ S B 75 5K O
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Fig. 4-10 LLM interaction process
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I 8 RS LRI AT A L, U X SRR IR L 5 T S R . Ik,
55 P LB SR R B AR S L) R A B i e M AR R ) R B

(1) Kol s HpR B X248 bR B A% 00 T RE 2RI RS TR F) 8 SCER AR g 0 AN G R S5 FE
MRAE 7 B RESRAE AR SQL 85, SEBL SR BT A H.. T AR B R 58 K
MAERES], RIS SQL WRIJTIH, TRASCKHISG T RBEAE RGO AR M7
%, R B REKRR, TSR AR UL BOR T AL, IR T R IR 15
BEIN—AME, R ER R PR, e SQL RS IR TE. FE
Ja, MERLE A pymsql A 107 ST KRR AR By SQL i A, SEBL S 8 R A H

(2) I F e AR R (1 PR A, 304 R S5 AR T R R 7 e ALK A A E 7, 7 2
AR FH P 35 R IR 2 (18 7K R A R RIS 2R O 1 SEBLX — Tfg, AR SO 26 Y
BAMFERLARR, ] gRPC HAR: H A Hi oyl LA d 2 5% 3 1247 1 1R A M s A
55, 8= R AR A RS L A SO N, R A LangChain HEZE T
[¥) SequentialChain 5 AU 20 {12 JEOZ A OC R AT R RUT 5, DLSEIREh AR SRk .
[ 75 K 7 B L AR AR AT A R I, W R AN e SR RO AL SR, U0 S R FH A i 1 5
38 e P I BRI RS [ 2 Hdt AT S0 o

LA MY 55 R I T 2, AT EE PR e 1 R R AR A R 7 Ml 55 IR ) SR A S I
fik L e S A i B R 2 AR U B R

4.2.3 fimll FHER G E

Bk 55 ) U RO RO R, KIER RS R IES T e, ZIEEE
BB 1132 %5 0 R 58 A B T KA B O HERR R 7. Dy 17 38 9 R B b 4575 5% 1) R A AN
[ AR, AFFE ] [ A RAL S AT AL 95 R iR R L

fern TAE (Prompt) 7EMGIERE rhPpi & M 2 0 M 60, Tk IR P S A R 4
B Agent BEIFIRLRIF P & . B AT HGECE LGP R TRE VA EBAFE Few-shot!™),
Few-shot-Cotl®1L, & Least-to-Mostl’1 (LtM). H:A Few-shot 3 ixf $AEAHALL il 3 fr) i 225 %
R S 52 5], T HE T R Aol i) B HEEE R 7). AHEE T Few-shot, Few-shot-Cot it
T AR S R I RE . T LM [ J7 VR DR S A R 2 oy i vl 8L, sl i R —
fife R 1) R 7 SRR ISR UL SR 06 1] R B 5, DLSEBRIml O], Wil 4-11 Fis, $UTIR
FEALHE:

Stepl: 4 J5L46 nl G5 i 9 22 AN G i

Step2: MRS — A>T IR “ RIS U] SEIN FERAEOL 7, 79 3098 WA S R 81

Step3: 55— A1 In) R ) RN S A i 4 B AN I SR B rp i V) B T A 401
FIEINALE SRR, 159 E38 3L RN A A W T AL B 40 4h X R

Stepd: VAMLISHE, B 18, 158 R& BTSSR,
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QLRHI I S
R 1 L

ALBEIETAFSI

Q1+Al

Q2:3KER ¢ A M A A1 A2 (SRR E RN
BYUTH LB XA ESA

REUEYUA SR FERITEAL,
FHER R b XS s AT Q2+A
R

Q3REN = L AR B A3 FREVRRIE X R
HEE REASH

Q3+A3

Q4:EE‘Z§ ZE;'E%EL‘WL‘I' BukeER

A 4-11 LTM 77 X#AT iR AZ
Fig. 4-11 The flow is executed in LTM mode

N T AE RAR T L 55 0 5 DA ML 55 A R BN 1 A, A SCOR AT T Ahaalk 55 HEBRBE 1 U7
3o DABR R Y 55 B PRAR AT 55 AR RE /) o 5 FE BN B Sy ilg BN ZRpe A, 4b
PR RIR N A 2D, FRTCEEN R AR ARAR &R o I A SO A% oA 2
IR EME T ME R RN A S ARERER . AU, A 55 HEFE 5%
HIBIE Ry T AR R Ul RN, R SR A — 8“5

BT EIRJEN], AR Few-shot S5 g ik 57 5 3 DN 55 O HERRBE, AIH] LM iZ
— R T I, AR AR LSS TR . g B AL S5 (0 HE R R B AL = T
HE SRR S5 HEREE R ] DL R ORRRY B 3 B0E - T H T8 SRR B2 o UF B gt 7
KREGHAGN AT R Z0oge. 87755 S soe NGER T AR A G, S
FHANTTHAT S5 DL AHER SR P AT 7 2o HEBE ) 2 2 LR B0 19 05 SR - Few-shot 5]
KA T BEAT o 8] e A o e BRI ] SEIN B RO AB O, - B2 0 e T 0 o v
T FRYRE MR 7 IX A 1) R AT DL Dy “ SRS ST SN B A7 100 7 SR e 4l vy b i A0 38 0]
AL E SRR “RAHICRB R AE R LS “SREBU DAY T B A5 R DUAS - o)l
IR 2 A USRI R, WA ER R, 9 A RSB SK Tb 55 O R AR AT 55 3% it
CLVAR
4.2.4 R T EEIRAEE

FH P 5 BN 5 7 KB 3 M R AR A CRAE , el —AE R BefR (Agent) HITFRIEHE,
V55 ) FH ECORS B A E e - BE 75 AR AR U0 TP R R OB P L e B0 AL A e ik
T A P T SR, D) PR R A 7 2ok 4 o ek B0 B0 AR E M, b 0 1 B A2 e
TR I T 56 45 A2 KA R A E 3 58 R A1 78 R O B TAF SR P8l 5e i, B TS — L8 H Al s
RIS E A0 T R AL I RS ER ea H,  #E T2 61 e ok R

T ULEMER, ASCRHA BT, e =R mER, ST 7H
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PR B SRS I P ORE BRSO I IR R, B0dG: BT Few-shot 114 oR 50 FH & R )
T Embedding FUHLES 5 > 5 BRI BL A T I ZRSCARTT AL ) e A0

(1) F:T Few-shot (1) R %0 FH & BRI o I B AR S (1) R E0 FA LA, k55 17
LA Few-shot {77 20, 1R KA R BEAT bR B0 FH B4

(2) £:T Embedding IALE8 2= 1 & IR . BARSEILRFE Ay Jef 28 K & il i,
IRIG T B0t FOdAT bR, 75 23 BAAE 2 mi P 1) @ 22 RS A ek g (B o7 A
SPERRR A SRIHFATRIZ . M58 Pl SROCABARVREC J5, R kX H k1T Embedding
it , FR D aE BRMAESUE AR, R LGBM. XGB ZEHLa% 5 ) MR 3k 47 A 7,
TR AT 75 oK JE TR — 2R T 5K, I Bt I T (=0 25 24 i FH P e R 5 O FH RS AR ek 4

(3) FETINGSTARILES ) = R . HFERE R B RETahiric /5 P i, 18
a6 A ) B Ay NSRS AR SR, AR5 B SR ZR AR AR 4R 14647 Embedding Zfid, 441
B SUAR TN SR B SOARBAT R IZAHRAEE B TH B, R 30 5 MR A S VUL IR I 2R 86 S04, AR
WINZREESCA ERIbRE, e P EE.

£ Few-shot [ ek 250U FH i Rl BE AR S T KB R AC B I HESEL A2 /), Few-shot A /&
i — B ROE RAE N RE T, = B RS X BRI RO . £2 T Embedding FIHL#$
) E BRG], KT Embedding 17 M) &4 A S FINLES T IR AR BB T, 1ERRE
AT R MET NG SCARLREMZEERBG, 20K, Akt Az T Embedding
AL 7 2, HEEH TGRSR sh . MR T &K, B—rsE
BONRMECRUE S S P AERRYE, TR A SCRA G L B =Fh BR G i 7%, AR
1% (Voting) I 1) f e 2% VRN 45 3R, 3RAS-45 I e R P = A Dy P D i it g 4
N, FRUCRE ) AR 25 KA, i SRR AT Wk [l 25 3, A5 IR E F P BB 20 208 5 58 3%
@, i 4-12 fros, BARP RN

AEFIGXFCRSE
iRzl

{REER P ERRANIES HITRK
[ ] =3
IEFIATT
B « LLM
| |
IR g#ﬁfhﬁl
] r—————— - L
— : B rew shoUBHR : E%su
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A 4-12 & B2 5] f ek
Fig. 4-12 Intention recognition strategy
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Stepl: fifB Few-shot ek &0 FH 61— Tt 45

Step2: fE 2T Embedding HIHLAE 5% =) 2 BHR B A 4 2-3 ATl 45 5 s

Step3: & BhAE T ISR SCAL D B = BRI A A 1-3 AN T 25 51 s

Stepd: Zid FIRTINSE B, AR VE A Wr i 2 = 2K 001

Step5: 4 H 7 = EIZEBIE 9 FH I vl R R 7 N 25 KA

Step6: MEAPAT W (A1 455, 75 Ik $ B2 FH 7 308 21 230 35 il i) it

5N R GRS NS, FRRAE Agent [REATiE R, BES RN ST A1 R
WA, TRUEBAT AR e YA M .

4.2.5 KRB 3B RARBISCI)

KGR R Ayt 7 B S AT ) SIS AR TREBOR kA, 38T Agent T2 H. e 40 2
5, RBOF A R P LA L SRIBOF s B P LA At B 1 s B AR o 1
4-13.
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L 4
215 > LLM [EIRE SR BEE
HizmiE
RBUBME
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]
Step 1 {RIBRIHNER HHESEANRERE
HhE&ShORE S¥(EMAImessages
i 4
Step 2.{GRYSHER > 1
(SRS R - function message
Y ¥
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1 |
Step 3 BEHERTER FRHET/ RN TE s L
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B 4-13 KA A IR 5 S0 305 40 5 HLRAR
Fig. 4-13 Large language model drives the external function implementation process
T S A S5 A EAE T A AR TR, A5 3 el i A P PR B SR AR AT
JHIE ISR, IR T R E AT e EOR SRS, AN R A e R AL IR [l A
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DAY 55 PR 1R 7 20, SR B A A O SN B R IR AR e S AR, 38 5 A2 H
(77 ANRERE N BRI N P A R BE 2 (037 5t NSRS IET O D il A 4t iy R B KA
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B 4-14 RA% R RO 35 RAE BAR R 17
Fig. 4-14 Large language model to retrieve flood data and model examples
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KA HN ST RGBT R Wb 55 R G RBAT WA T F 505 i 75 32 19 U DA K i
W FE s, WERAE S 1L AR RURSE H - 18 SCUR B 3 1032 1, AR 5 S AT 10 075 1
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IR AL IR B 58 RGERRAR W 4-15 FraR, HAR B RE S SRR R F 15 ek
B ARl BT SR AT B P R, B 1 G B R AR AR GUORR P L.
RHBE, HUAMR SRS ZE D METEEMNTR B, SIATHAZOE, &
[ By A N (2P B BRI S, — BJRsmse ek DA, KA WebSocket #3527 Hi
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FERBER 5 SRR &, KA T BRSNS RS Ks 530, ik 55iafT
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Fig. 4-15 Large language model drives the implementation process of business system
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51 MFFEHRME

5.1.1 i AZ AT AL

IS G = A SR G, BRI AR AR DA E WL R L, =4
B AR R IR R AL T SR S . SLI = R T K AT AL R ZDK DEM B S8 iR L
WAL S, JFE WebGIS P& E#TIE . ARG AN DEM Hifs Fe s 4 85 ki T
Hh [ R 22 B v S 2845 S8 O M B 25 (R 508 =P & (www.gscloud.cn), FIFH WebGL 1)
FFIEAHELE Cesium SRSZHLHE I = 4E ] AL4L

FE AT AL IR B AR BRI, 268 Nginx RS 3B A8 LR R IR 2% (2) FIALFREw
5 (X, y) BFEN URL k%, RJGFIA Cesium $24£1 UrlTemplatelmageryProvider 2 [ fi#
PTAR S Motk SE B X F AR, [FFE TR 28T Nginx f 45254 DEM BE A7t B 5 72
N URL k%, #RJEFIH Cesium $24EH CesiumTerrainProvider # K f#HT HuhbSE 8. At
TR R S s an P 5-1 Fi

B 5-1 =2 3o “T ALAL 7= 15)
Fig. 5-13D terrain visualization example map
5.1.2 ISR B AT AL
TR B PR i R AE =R E Y R BEAT VR e M R . ARG )
R 3 A0, 55 7K SR TR R 57 47 DX e Py BT, Bl SR TR ek s S A A = 4 R i, it

R AR IR A Rk B AN, 8 R N, TR A =Y
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AT G A, AR ST = S S . R T, ASCRAS N CAD
(177 REHK ZERR AL (A A B, ST CAD BIAREk 4%, AT Mb AR e, JExtd
G LR HEAT A AR B, SEE ST AR K R AR T [ p 2

NTIE =T FiE YR i, eI Nginx IR %5 25 B A B A7 il B AR A IR 25 1
HEATE, SRIGHFIH Cesium $2AEf) Cesium3DTileset 43 F M A R 55 bk . B 2% b B ) 1)
K E = YRR T AR U 5-2 B, B DXOR s 1 = 4R TR a AAG R W] 5-3 B

P 5-2 /KA = 2% A ST AL
Fig. 5-2 Visualization of reservoir 3D model

P 5-3 7 47 R A% B = 4 7T ALK
Fig. 5-3 3D visualization of buildings in protected areas
5.1.3 K AT
FERY AR AR R K I R b, AT K AR B R T AL R R SRR R SRR I
7K R Ji 7~ ARt 7K T g AR 0L 45 DG B PR Y AR A o AR SO PRIVAT IR K 2R O SRR T X I kL
DEM S5 0 EL, SRS FIF Geometrylnstance 42 XA i Sm AT 524k, FELARIG
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Cprimitives) HJME 2O S5 A6 Ja ROBCE AN 2 =400 1 o, Gl e K e HI# i (Material)
JETEXI A BRI . SO 5 DL K R B R A5 e PEHEAT R B, DLSEDIXHAT K R 3
ORISR o K R AT R A 5-4 FoR .

b

B 5-4 FARK F A
Fig. 5-4 River system visualization

5.2 RTImZRIIEE

ARG AT v A AL S U A R ot SLERIYIH . (8 BN BLLS JE v SRR A RE
fGo ERTImIT AT, ASCKH T Vue3 fEATBIEFHELE, {EH] JavaScript K45 Al 5%
W, JEMA Cesium 1E N =4Es BIMTE G 51 5. Oy 1 & JAT I 2 A8 1 I st Bodls . RA
Pinia {F APIRAE B R 4E, [EIHE ] Vue Router Szl iU gk#s .. 76/ A (UD &t
Fi, RE454 T Element plus A1 HTML/CSS HiR. N 7T sSeBdE ik, RGRA T
Apache ECharts 1 vis.js AR, PUSRBEFE S BRI R . fEM 48 832 B5 T
KM Axios H1 WebSocket 5 J& it #4752 H.. RG0S S OTHET AN K] 5-5 P

B 55 FZ%EFTNE
Fig. 5-5 System login page
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IGMESMhFREMSTE

B 5-6 & %R E T
Fig. 5-6 System backboard display

AL S T R R AR A 7 U AT P BRIl , AR A4 SRS AT SR UL RS L
Ko MINENIE, HPRREERB ARG LN, HERRM R EREREE. W
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BLOAREEE RGN AUEE R, S dNEE B B EE SN P S B AR T
FEANSEERIAS S —A> Vue AL0F, AT BT VRS Hoth 740, @ AR Dok e LT
it A JE 7R

5.3 [FimRiEE

RGEIIT RN EAF TS BRI MR s DR KRR S . s AR 55
SRR B IS gRPC HEAT J5 3 B (K@ A5, BT i 5 IR 25 #0 LA 5 B o 114 SR 1 T =X
A3 BT S A IR 25 o A R 45 3 7 5 A B 4 SR AR SRR PR L, T L AR i
DI LA P T s R B R, DU T 50 IR 45 3 O P o R RS 7 0t P 9 S AT R
S, VR AR B TR, AT SO IR S SR A D v, N 45 SR L2 AT, LASEE
W55 H .

5.3.1 HiEAR FimiEiE

KR IR 25 w8 Java 1B 595, JET Spring Boot HE4E, Bk 55ACRE R4 YA 2 UK -
Entity SERJZEF T35 80E FE R F I EdE; Mapper #4271 5T SEE ER N H; Service
5% 2 B Sk S5 B ER (132 45 152 11; - Controller $ i) /Z 45 Bk 55 i fE 2004 AR 55 i 16 H 4544
WK 5-7 fian. 24K Maven fE NI H & T E, HfR RS RIS —bnilE, 85 jar 4
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~ [glintao G:\javaProject\lintao
[0 .idea
[sqg
Cisre
[0 main
[ java
[EJ com.data.lintao
[&1 config
[ controller
[ entity
[ grpe
[&] mapper
[Dres
[5] service
3 util
(@) LintaoApplication
O proto
[Zresources
[ mapper
2 application.yml
[Dtest
target
My HELP.md
M pom.xml

B 5-7 IR 5% B K LEH)
Fig. 5-7 Data server directory structure

m pom.xmi (lintac)

<modelVersion>4.0.0</modelversions OFF
<parent>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-parente/artifactId>
<version»2.7.15</version>
<relativePath/s> <!--
</parent>
<groupId>con.intao</groupId>
<artifactId>lintae</artifactle>
<version>8.8.1-SNAPSHOT</version>
nnnnnn intao</nane>
<description>lintaos/description>
<properties>
<java.version>1.8</java.versions
<protobuf.version>3.12.4</protobuf.version>
<plugin.protobuf.version>0.5.1</plugin. protobuf . versions
<grpe.version>1.6.1</grpe. versions
<plugin.os.version>1.6.2</plugin.os.versions
</propertiess

<dependencies>

<dependency>
<groupId>io. springfox</groupIld>
<artifactId>springfox-swagger-uic/artifactId>
<version>2.9.2</version>

</dependency>

<dependencys]
<groupId>io. springfox</groupId>
<artifactId>springfox-swagger2</artifactId>

<version>2.9.2</version>
</dependency>

<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starten-web</artifactld>
</dependency>

<dependency>
<arounId>ora.oroiectlombok</arounId>

K 5-8 maven i B & 3R &
Fig. 5-8 maven project management interface

Java JEudE LR RESTul KU TR, $lv s HiE 4 Bz . M. SRBCRE My 25,
XEEHRAE S HTTP H0 XY POST. DELETE. PUT. GET #RAHXIRi. 7E Controller 7, i
i f# F @PostMapping. @DeleteMapping. @PutMapping F1@GetMapping VEf#, 7 I1AH R
SRV BN . i RECR B0 R JSON Hext, DU M AEHARER®, Jy T iRamitig
RGN0 S B RO MU FIVERY, RGUR Swagger HEZZ, BLUIWIH: B R B HL
Swagger ¥z H 15 S an& 5-9 PR .
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1 swagger default

Ik e E i) avalFinEO ©

hitp:/localh

B AR RS

flow-meter-info-controller Flow Meter Info Controller >
forecast-route-controller Forecast Route Controller >
gauging-station-info-controller Gauging station Info Controller >
grpc-controller erpc Controller v

m /egrpc/runoffGeneration F=iLifitH
m /egrpc/runoffRouting HikiEi#

B 5-9 Swagger # 2 & =R &
Fig. 5-9 Swagger Interface Displays the interface
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Fig. 5-11 Model input parameter encapsulation example
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