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O AT AT & b B 0, AR SCHE M 356 T 906 34 48 I 4% ( Recurrent Neural Network, RNN) | K18 5 1l
(Large Language Model, LLM) 5t {557 ( Genetic Algorithm, GA) JR-A& 4844 A9 T & 3k J7 % . RNN i i3 i #F Transformer—
XL A P75 AU F AT R LLM A RS A S0 A s i 8 50 GA LA 38 1 28 5 R AR MLl 0 £k I3k R ek 5 9% IR
AL, S2EG BN ZE BN R IR 35 Rk 88. 0% , BIGARINAE IR TF 27.3% , A T2 50/ 22. 4%,
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Research on hybrid architecture—based development and testing methods
WANG Ting'*, WANG Qiashi'*, FU Gongyun'?, YANG Zhe'?, WANG Zhenyu”, CHEN Xiang”, ZHANG Heng’

(1 China Railway Smart City R&D Center, Tianjin 300308, China;
2 China Railway Sixth Survey and Design Institute Group Co. , Ltd. , Tianjin 300308, China)

Abstract: Based on the application of artificial intelligence in development and testing, proposing a hybrid architecture combining
RNN, LLM, and GA. RNN improves Transformer — XL for sequence processing and user behavior simulation; LLM utilizes
instruction fine—tuning to generate test scenarios and control logic of test scenarious; GA optimizes testing strategies and resource
allocation through mechanisms like adaptive mutation rates. Experiments demonstrate significant advantages, achieving 88. 0% test
coverage, a 27.3% improvement in defect detection capability, and a 22. 4% reduction in manual involvement.

Key words: development testing; artificial intelligence; Recurrent Neural Network ( RNN); Large Language Model (LLM) ;
Genetic Algorithm (GA) ; hybrid architecture
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Fig. 1 System architecture diagram
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Table 1 Sample data

A 1D i e i 4 FE TR HILs R
FT001 R YIhE k5 HWAMRS SRR
FT002 L4 3 B Y T 45 I ] AT 45 B 1k ) T 245 7% e [ T 4%
3.4 GRS 3.4.2  BREGKEINAE ) Hegs
3.4.1 PMEREERILE FLTF RNN+LLM+GA 1A 204 1) T & 3R

TR IR AE A 280 X7 26 3R 1 E g AL
32, 3T RNN+LLM+GA VR A28 (1) FF K ik vk
FEAS TR PN b SR SRR, P 2 A 75 32 5k
88.3% , B HIRPEXT L ik 6. 4% , HAEZ F4 Web
7 It e I 4

LA 135 ANFRAFERE P 35 A4S TP AR 49 A R
51 AS, WER 3, T T AME AL H A
) B, {510 i e 28 Gt e v S 67 A R A 45 P
ARSI BN BB — Bt W iR, 10 U R R A
I N B — AU

F2 MABZXRMLEE

Table 2 Comparison of test coverage

Tk Web % App N FH API JIR%5 P E
FLIBRATr % 71.6 65.3 75.1 70.7

RNN( #1—) 77.6 71.9 79.2 76.2

LLM( 8—) 80.9 76.5 81.6 79.7
GA(2—) 79.1 74.3 81.2 78.2

F i A SR T2 76.3 71.2 77.3 74.9
FeF b > 1 maA T ik 82.2 77.9 83.6 81.2
FETUREE 2= 2] AR AR T vk 83.5 78.4 83.9 81.9
A 88.7 86. 1 90.2 88.3

x3 BBHENSTH
Table 3 Number and distribution of defects

ik PR i1 4] . SN ] LTSN ] At

F BT 17 28 37 82

RNN( #1—) 22 33 34 89

LLM( B—) 23 32 37 92
GA(2—) 20 33 37 90

F i A SR T 2% 19 32 37 88
FeFamAbaE > g mEA T ik 25 34 38 97
FETUREE 2= 2] (MR AR 77 22 37 39 98
RNN+LLM+GA 35 49 51 135

3.4.3 A AR 8.6 41, UL T HA T 52 5 A= Ui 2 P 49 e L 52

S VEAG I A A, 10 A A I 4 TR i A T g
PR ATAESPE A0 (1~ 10 4340 b Az il a2 451)
PEAy  BE R L 4, LT RNN+LLM+GA IRE 28 1Y
FER MRy A 3 Wids br h R IRAE, A M55

W PRSI 55 25 e SR e
B, HIERETEWT S 4 AR 2L R | ] R 3%
TP RAEA

x4 MiKRELLE
Table 4 Comparison of test quality

Jrik CINPA ¢ QIE: /A c AR FHME

TF TRk 5.9 5.3 6.3 5.8
RNN(8—) 6.6 5.9 7.1 6.5

LIM( #—) 7.2 7.1 7.9 7.4
GA(Hi—) 7.1 6.6 7.1 6.9

F Ui A SR 5.4 5.2 5.9 5.5
T Ak > 1R ik 8.1 7.2 8.2 7.8
TR A 2] B A B 8.3 8.1 8.2 8.2
ARICTTI: 8.5 8.6 8.6 8.5
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MEASCR WA 5, BT RNN+LLM+GA 1RA
ZRR B FF R AR 2 A TR A B st ] B AR 5 B R
THFE_L W 2 T 43 X Lk, (IR A T 3503 R
DN T 1005 TR 3 G 2 5 P A T s ) 55 T30
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ORI AR AR ; B R | 1207 2 e B
SR 38 R 2 > BE T, IR A URE R RS L K
WERE 5 A PEAS KT 5

x5 MiRYELLR
Table 5 Comparison of testing efficiency
ik KA L/ IR TR R AT S5 (AH)  BWIRIEHE
T 0 45.6 27.0 12.5
RNN(f—) 5.1 32.9 8.6 44.9
LLM(8—) 4.7 30.3 7.1 68.5
GA(Hi—) 6.4 33.3 8.9 50.2
BN E Al wrarS 3.5 39.3 11.5 27.9
BET AR > B Ry s 4.1 28.5 7.1 57.7
FETFURBE 2 (A i v 3.0 28.3 6.3 64.5
ATk 6.6 22.3 4.6 73.1

TH Fil S 5

3 3 Y S e AT R R M e, A5 R LR 6, 4 R
R BT A F BB PR AR W R, IR T
RNN LLM ,GA 3 AR AT stk 5 B 4ME, LM

3.4.5

TR, BB m P E S5 R N 7.2 A~ E 5
FGRNN R, FFE 6.3 ANE S GA B E SR
W/ 5.1 ANAST R FEGEIR RNN $8 [mEERR R AR
SRR  E T St A R

R6 HEMERLE
Table 6 Comparison of ablation results
L0 Web R H App B ] AP lR55 FIE
RNN+LLM+GA 88.7 85.1 90.2 88.0
RNN(JE) 81.2 77.3 83.6 80.7
LLM (&) 80.9 71.5 82.1 80. 1
GA(JG) 82.5 78.7 84.1 81.7
FEAili RNN 85.6 81.1 85.5 84.1
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MR35 TR BE Rl A RNN 78 7 51 50808 b B ) e
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S54GRS S B 30k, B 2 R Gk
BRI 28 GA DALY FH B 41 5 (300 e AR 42
1R 40% , R Eh ST P 1+ 1+1>3” A B[R] 18855
5 Web Vi ] AP e 55 55 Z2 J5 RV Je D fig M g
SR Y s e P 5, 8 2 > ML T B R 4 R
SASPAERY B BETHE FAE B ATVR AR, dnsz
NGB NLP B35 5 B A RCR T 15% 5 AR
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Y5847 98 IR AE K, LLM Il 4K ki GPU
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85% ,FFAE 15% ZE A7 W AE IR T . A R T DU 2 A
RISt | A B 24 2 SHFEEE N 2RI
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