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Abstract In response to the problems of information asymmetry, untimely delayed updates and difficulty in
implementing information services for new animal and plant species resources in China, a two-step
recommendation algorithm that combines deep neural networks and attention mechanisms is proposed in this
study. Firstly, based on the full-text data of animal and plant species resources, the algorithm constructs a
vocabulary library of animal and plant species, and builds a Siamese BERT (Bidirectional Encoder
Representations from Transformers) network. BERT was used to obtain text context-related semantic
features. The bidirectional maximum matching algorithm is used to obtain variety dictionary feature vectors.

Integrates semantic and dictionary features, a regression model was trained through similarity calculation to
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achieve the similarity judgment between new animal and plant varieties and historical varieties. Next, by
integrating factors influencing variety recommendation, such as user static attribute characteristics, user
behavior characteristics, and animal and plant variety resource characteristics, the industry differences and
habits of users in the agricultural field are comprehensively analyzed. A user feature and variety feature
representation method is proposed for animal and plant variety recommendation, and a user interest network
model is constructed based on Convolutional Neural Network (CNN) and the attention mechanism is introduced
to achieve accurate matching and recommendation between users and varieties. By monitoring new variety
resources in real time on the internet, fully automatic recommendation of new animal and plant varieties is
realized. The experimental performance testing and effectiveness verification results show that the algorithm
achieves the accuracy and F1 score evaluation indicators of 84. 1% and 0. 832, respectively. Compared with
the traditional recommendation algorithms based on collaborative filtering and matrix decomposition, the
algorithm proposed in this study can more accurately recommend new varieties of animals and plants.

Keywords animal and plant variety resources; recommend; deep neural network; two-step recommendation;
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Table 2 User behavior data

M ID it A 1D P ES 7 A B 17) W /s
User ID Variety ID Behavior type Operating time Duration of stay
1 101 W 2023-07-01 10:20:30 120
2 102 R 2023-07-01 10:25: 30 0
3 106 Wie 2023-07-02 14:15:10 60
x3 mEWBE
Table 3 Variety data
(=} 2 A v L
unﬁ‘ID 421.%' ﬁi;-: A X f':fﬂA/Q
Variety Variety Variety . . . . (kg/hm*)
s Variety description Suitable region .
1D name classification Yield
1 HAE968  MEfEY W R EORE AL X 11 250
PRAE B B RAR RER R S R "
2 ERLS O REEY L, N . 1L 754 b o IX 9 750
ALY B e mom s e ke 5 bR ’
26T N ) N ZAAIN 5 ) }:‘ K N NN i N bz N j: N
3 0 802 5 ey RIOGH W N R RS BTG AR e R 75 000

g

WAL BT AR R IET

F4 RAPEMXBEEBE

Table 4 User variety associated data

AP ID an i 1D Py

User ID Variety 1D Score
1 101 80
2 102 90
3 106 75

Ay P - R R VE O 08 T 2 4 AT O B
IEGHH S ARAT o W AT O e 45 BRI L 481 R 43 (g
60 sic o 143, BBR 1043, sUBE B & 20 43, PF I L Al
53 30 43 OF 4% BB E (R 0.5 4, B RR
1040, &1 R Bit 85y LR 1007 . B A IRV
40t Z-score PR EAL AL PR BT 2 (0,100 ]
3.1 RESH

LEAR 56 L {di T Siamese BERT M 2% pE 17
at AR AL, OF 4 B 2 )2 CNIN I 45 347 F P
Fh 4R ##E  Siamese BERT #5 A % ] BERT -base
FRA , 444 12 )2 Transformer Encoder, % J2 1) B2 5

JRHERE Ry 768 4 A B 42 o3 R AN AL B AR
AL CLS 1 SEP 45 5% token Ky tokenized 5 41 , )
I BERT W % $2 B CLS token X i (9 [i] I /E Hy it Fif
BE VR R AR 1] A ARl Sl A W R R A 45 ek 3R]
M Ay R A AR OIA] BRRAE 8] 5, JF 5 BERT
PO 24 35 R R AIE ] S0 Rl o AR L RE 0 T A 5X AR A
FE A, PR bR BRI X LG 48 2% R & (Contrastive
Loss) , margin i 2 80 & 4 0. 5, {4k &+ £ ] Fifi Bl
BT BEC(SGD), 22 2 0y 2e-5, P il A X R ASE
RIR 2 )2 CNN [ 4%, 456 1P #8285 8 PE R A7
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iR AR A 16 4ERHIE 1] B, JF A 4R 2
B th 128 AERFAE 1] B o R 44 PR A SCAS R AIE 28 2ok 1)
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Table 5 Parameter settings
SR TR Siamese BERT #% ! FH P B 24 R LA
Parameter Siamese BERT model User variety interest model
158 70 2 Fy Siamese BERT I 4% Z 2 CNN ¥ %4
BERT-base (12 )2 Transformer Encoder, & i )2
BERT S . , —
L 4 768 4D
. . & @ YRR AT M RFAE | PE R
LN & CLS Fil SEP #5##£ token AY tokenized F¢ %) i }j i }% PEARFAE AT O 5 i Bl P 6
SR/ NE N
. ) A g S AIF G I AR y
H5 GiE % 7% BERT #2 ) CLS token %f Ji ) [4] ft TR A RO SR G AL A TR 3 A T

16 4 4 ik ) £

AR AL BE B A 5% H L —
2K pREL Xt H A 2 PR EL ( Contrastive Loss) , margin=0.5 #4775 i% 22 (MSE)
st BEHLEE T PR (SGD) |, % 3] K =2e-5 Adam I fb %
AR — FHP A0 B SCAS 5 AR 5% 4k S 16 ZE 7 AT 1) 1
LHRE — EJAE 0K h 2,345 0 8 R
AL = — = N
1E A — BE HL dropout
3.2 RBRERDWT MSEZLZ,\;[(%*&)Z (11)

RGER AR 0 P A IR R VF1E | F 2 46 %
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R Tty 258 32 78 B R 9328 Sy TE 91 1) 2% 8 A 45 v 23 2RO
B ARG o5 L o A 0] 3R 38 O % W AE Bl 23 2R A, A T OE
B> 20 He ] o F 1R S JBURS 66 R 15 4 [B] R 23
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Table 6 Comparative experiment
- X X 7. A g X‘ N =] 3 N =]
B W MY HEm/y  Fl L DRMBE S HrEE
. . Mean absolute Mean squared
Model Accuracy  Precision Recall F1 score
error error
A FE WA I AR Tk 85.2 84.1 81.4 0.832 0.128 0.256
FEF Y [] o 08 1 7 B 74.2 72.5 70.1 0.721 0.157 0.314
FE T B A ik 1 4 A R 76.8 74.6 72.9 0.748 0.148 0.296
FEF U 2 2 W SRS M Rk 80. 1 78.2 76.7 0.784 0.138 0.278

I A1, Sy 6 E R R X6 4 RS Bl e A g kb B BE
WAT 2 0 R 5 - D& AR Ja sl . 56
B v B L 2023 A AE 19 320 AT Bl
Folt V6 kg I B 7 9 o SR Gk B 68. 5% (fE St
[l i € Jr ik oh 42.3%) , HiE it Siamese BERT 4§
fE e 5, AUC(Area Under ROC Curve) X L #i i
FNRES. 700 (G N 15. 2500 0 2) 8 F P AR
PR K o Bl HLGE ik 500 44 FH 1 5 s AT A3 T
FrA RS W 3R R B A R R T E
72.1%, W THEL LN 53.4% . X R
S8 5 0 T 2D HE FE B B8 A ROR) T Rl s OG B
R a8 Pk R R 22 i v 0 3 0] L, I LA S o b 4
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(61. 2V A FEA AR 23 8], W] fE 55 A Mk P %) i 35
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2)Siamese BERT B4 . JHF it 5 shtH Y & F

B e BERT 5 AL 38 SCAS A RLEE

3)CNN 2%k f 45 A A F P i 5 5 sl Al
Wy B R AR AE A DS . T Al B P, 5 BR CNN
o 2, A FH TRT B %) 4 378 2 I 48 SR AT AR

OFF LS H TR AT R A
dn FREAE B9 6 T B . T A8 b, R BREE L
il B S 24 5 A of ot i AR AE AT IR A o

Il AR R B F1E & AUCTH P
{HPPAG £ B DTk . o, AUC {H B AL 36 B
(4 TEFE AR CREARL Rl 6 D A5 438 T SRR AR CAE A BLRE D
(A%, PAE T 1P Ah A A M BB 22 S I e i i 3 1k
I ZE R W 7, ATH1, 2 LBk BERT U/ S A A5
He B oML 510 TE-1IDF $5RE 2R i, HER R R %
T 7.5% FI{H A RME AR, PAE N 0.002, % KW
BERT B AL 7L 42 S AE Y087 A SCAE Bh iy B
SCIE SCRRAE 7 kS 2 T S EEAE A . 22 R Siamese
BERT WM 4% J5 , #E B % T [ 2 85. 4%, 4 [l &K %
%83.0%,P{E N 0.003, # Lt 5¢ % #5 AU | Siamese
I 24 76 1 B i R ORE AL T ARG o R R T
MEST S A REAS | 28 A X 2 AT LT G- 1l DX 43 R AR i
5SRO RL i, L5 e A2 B AR T BERT . 7 5B

s IR
Z AR o I Rl T, R BR AR AR M 4 O T CNN %8k [0 2 45 0 J A6 0P BE AU /N i B
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Table 7 Ablation experiment
LR R/ N HER/ Y F11{f AUC fif P1H

Model configuration Precision Recall F1 score AUC value P value
56 BB 89.6 87.3 0. 884 0.921
L Br BERT SCA 4 % 82.1 80.5 0.813 0. 865 0.002
% B Siamese BERT 85.4 83.0 0.842 0.889 0.003
F: Bk CNN 245 % 4% 86.8 84.7 0. 857 0.902 0.012
X B T = I AL 87.3 85.2 0.862 0.910 0.021
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