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Fig.1 Service—oriented encapsulation of diverse forms and structures in models
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DescriptionSet DescriptionTreeNode
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Fig.2 Class diagram for model description interface
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Fig.3 Class diagram of model execution interface
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Fig. 4 Model deployment interface class diagram
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Fig. 5 Flowchart of standardized service encapsulation for heterogeneous model implementation
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Table 1 Data structure mapping

C\C++ type Java type i
int int BIE
char char\byte FAF
int * Pointer BI85
struct Structure ZER IR
Int & Poniter BIEGIH
union Union BTN
enum Enum 2§ Hezs
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(1) BEFERERISCIF . FETF R REE rh AR, SRV AL BN 5 5 A H RO 42
i SRR I Ak 3t B 42 11 4R B Python BB A pRE 44 SEARLAE At AL, % A inspect iR
1Y getmodulename () JikY getattr () J7 iR UL A REHOS A T pREON 42 . IF
i1 45 Python B 43 A AN [A] (143 1 -5 LA SRR IR 4118475

(2) FREUBRIL R0 )55 A S BT . 7 Python B4R h A 8 L — %
PR, TERRE P A IS =05 SCREPE inspect B2 signature () BRALAY parameters () 5
2, FKE Python BRI A HRERSEE DX R #658 , FINEE =7 SKHFPE request itk h
1) data.get () J5ik, EAAHRESEGE BN LS8, USEEHA Y R hnfEuab
P[RS R R SO AR 55 B SR ik, 33 @app.route PREE X Python B 14 %
f5HE (Whip: /127.0.0.1: 5000/PyWeb).

(3) VR4 a5 AL B, 38 5 Json FEHP R jsonify () J5 364 8 A2 4T Python 7 5
PRI B A 25 R 352 json A& R M1 AR & o

(4) PrEANRSS B o XF LR A A B B 3E 3 Flask AEZR 0 53058, S8 i AR
HEAIR 55 302 .
3.1.2 DLLJ &SEER R S-1L3
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(1) BEEERIRSCHF . R AR AEE Rty SREUBIRY Y RBCE X5, B AR Y
PR Al 3t 26 452 TR B DLL R A B R ) 2 4 SR AUAE figf bkl . f% A Native 2 H Y load ()
T3 INAR DLLASE R AR BUE T X 42

(2) W ASEUAEHE, A E L4E7K Structure 221 CropParams 25, H 44 DLL#R iz
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from flask import Flask, request, jsonify 5 A RIAITE
import inspect
import importlib
import json
app = Flask(__name_)
def wrap_function(func):
parameters = inspect.signature(func).parameters
@app.route("/PyWeb", methods=["POST"]) -l &7
def handle_request():
data = request.get_json()
args =[]
for param in parametersvalues(): >3 44 2 50 b2
arg = data.get(param.name)
args.append(arg)
result = func(*args) —HEER, EEEZR
response ={
"result": result

return jsonify(response)
return handle_request
def load_and_wrap_function(file_path, function_name): i python #AUE{T (T
module_name = inspect.getmodulename(file_path)
module_spec = importlib.util.spec_from_file_location(module_name, file_path)
module = importlib.util. module_from_spec(module_spec)
module_spec.loader.exec_module(module)
if hasattr(module, function_name):
function = getattr(module, function_name)
return wrap_function(function)
else:
raise ValueError(f"Function '{function_name}' not found in the module.")

El6 Python ESHEERSZUEFLFTEZNED

Fig. 6 Python form model service encapsulation main code

public interface cextends Library {
CropYield INSTANCE = Native.load("D:\\Debug\\CropYield.dll", CropYield.class); s il

class CropParams extends Structure { —EHRE S R

public double irrigation_volume

public double black_soil_thickness

public double temperature

public double organic_matter_content

public double crop_density

public double pH

@Qverride

protected List<String> getFieldOrder{) { —RESEIREINE

return Arrays.aslist{"irrigation_volume" ,"black_soil_thickness temperature", "temperature”
,"organic_matter_content ”, "crop_density ", "pH  ");} }
double CropYield (CropParams params);

h
public double CropYield (Map<String, Double> paramMap) { —EENE A
CropYield.CropParams params = new CropYield.CropParams(};
params.irrigation_volume = paramMap.get("irrigation_volume"); —EENE
params.black_soil_thickness = paramMap.get("black_soil_thickness ");
params.temperature = paramMap.get("temperature");
params. organic_matter_content = paramMap.get(" organic_matter_content ");
params.crop_density = paramMap.get("crop_density");
params.pH = paramMap.get("pH");
double result = CropYield.INSTANCE.CropYield (params);
return result; - ﬁﬂlﬁﬁ'ﬂl’g@ éﬁ;ﬁ:

E7 DLLEASERRSIWEHETERD

Fig.7 DLL form model service encapsulation main code
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Inspect, JsonZ¢ %, X} DLLIEZHHE Jna, Native, Structure Z528J%
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R, R R Al R AR s TR, U Python JE ST 55 42 11 LA POST
7 RIEATIE R, B IR 558K Hikik } hip: //127.0.0.1: 5000/PyWeb, DLLIE &5
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(5) BEAUEHINA o BT, Al A 75 B2 2 AN AR A 11 5 R M LA S AR AL Y
PO A BEf AR, 5l P O B A X S8 2l R, AT 2T Sl e AR Y
BT
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Table 2 Comparison of key mapping items before and after model encapsulation

WS Python JE 25451 DLLIF A% B A
AU A - . ke s gl

R IR 5 T S
Bl SR

I Python : wrapFunction ( path, funcName ) ;
AT PotatoNutrient PotatoNutrient(const CropYieldPa-

. DLL: PotatoNutrient(Map<String , Double>,
AT (yield,N,P,K) rameters& params )
variableMap , Integer mid)
AT T numpy .math o Python : #3 Flask . Inspect . Json ey
» math algorithm ,iostream P4 N .
I AT scikit-learn 255 DLL: 3 Jna Native . Structure 55 %
TR . . .
o Pyhton SFSEJAM]  DLLIFHEIF PSS
B
FALfd ] TERREARE TIEIT, TERERE TEIT, T2 2 DLL THR258 —Irifm i =X, CiE &R
A %> Pyhton 6 FRERYIR I X g5 L V-3 PR

3.2.2  AEA R 4-9A A IR E
VA=A M), FIH Postman T 243514 352% 15 B9 Python JE 254 RN DLL A A5 13
TTRRSS T FHEGAIE . By A A2 H AR P21 25.1 thm?, SRJ5 45 B =R P 2S00 ()8 2 47 AR
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%, DARBUREEI S 5dE . VRIS R BN, S AR R et a . 2000
145 kg/hm®, BEAE K 82 kg/hm®, #AEA 130 kg/hm®, Python JE 2SRRI A DLL JE S48 A1 R4S
as R —3 (K18, 9),

http://1270.015.. @ + oo No Environment v

http://127.0.0.1:5000//PyWeb @ save v Ve =

POST v http://127.0.0.1:5000//PyWeb m

Params Authorization Headers (8) Body @ Pre-request Script Tests Settings Cookies

® none @ f d [ ] fi ®raw @ binary @ GraphQL JSON v Beautify

]
“potato_yield":25.1

o b LN

Body Cookies Headers (5) TestResults @ Status: 200 OK Time: 16 ms Size: 2828 Save Response v

Pretty Raw Preview Visualize JSON v = W Q
1 g |
2 “result”: "Fj8: 145 kg/hm2, BO: 82 kg/hm2, {PO: 130 kg/hm2o "

s § T

El8 Python 7SR R 5518 A IHIE

Fig. 8 Python form model service invocation validation
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Research on service—oriented encapsulation method for
heterogeneous agricultural models”

-1 2%
Lu Hongwei , Pan Yuchun
(1. School of computer science and communication engineering , Jiangsu University , Zhenjiang, 212000, Jiangsu

China;2. Beijing academy of agriculture and foresiry sciences information technology research center, Beijing

100097, China)

Abstract: [Purpose] Agricultural models, spanning across various disciplines and domains,
constitute the cornerstone of smart agriculture. Shielding the heterogeneous attributes, such as
development languages and invocation methods of agricultural models, is crucial for enabling
efficient integration and sharing of agricultural model resources. This is paramount for facilitating
scientific agricultural management and decision making, thereby fostering sustainable,
efficient and secure agricultural development. [Method] This paper designed standardized

encapsulation interfaces, including model description interfaces, model execution interfaces,
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and model deployment interfaces. Based on this, it proposed standardized service encapsulation
methods tailored for different forms of model runtime bodies such as COM components, Jar
packages, R language, Python language, and DLLs. The feasibility and practicality of the
heterogeneous model service encapsulation methods were validated using an example of a potato
intelligent fertilization recommendation model implemented in both Python and DLL forms.
[Result] (1) After encapsulation, the model generated standardized description documents,
completed the transformation of model entry point functions, and integrated third—party
dependency libraries. As a result, the model could be directly executed via network requests,
reducing the cost of model usage. (2) Taking Yunnan Province as an example, the
standardized model services post—encapsulation were invoked and operated. Inputting the target
potato yield, optimal fertilizer recommendations for that specific yield were obtained, validating
the feasibility and practicality of the heterogeneous model service encapsulation methods.
[Conclusion] This method effectively shields discrepancies in semantics, data, form, and
runtime environments of models, thereby promoting the efficient sharing and reuse of
agricultural model resources in network environments. It enhances the management capability of
model resources in the domain of smart agriculture.

Key words: agricultural models; heterogeneous and diverse models; model resource sharing;

standardized service encapsulation



