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Abstract Most of the knowledge in the requirements of safety-critical software needs to be manually extracted, which is time-
consuming and laborious. Recently, artificial intelligence technology has been gradually used in the design and development of
safety-critical software,to reduce the work of engineers and shorten the life cycle of software development. This paper proposes a
terminology recommendation and requirement classification method for safety-critical software. Firstly, the terminology recom-
mendation method extracts candidate terms based on part-of-speech rules and dependency rules and clusters candidate terms
through term similarity calculation. The clustering results are recommended to engineers. Secondly, the requirement classification
method automatically classifies safety-critical software requirements as functional.safety, reliability. etc. based on feature extrac-
tion. Finally, the prototype tool TRRC4SCSTool is implemented in the AADL open-source modeling environment OSATE, and
the experimental analysis is carried out through the dataset collected from the industrial requirements and safety certification
standards,and the results show the effectiveness of the method.
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Fig. 2 Running example
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Fig.4 Candidate term extraction
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Table 1 Part of speech pattern matching rules
Length POS pattern matching rules
One n & length™>3
Two ntn,n+tov,otn.atn,b+n,ontn,nton
ntntn,otntn,ntotn,vtovtn,vtntv,btntn,
Three mtnto,ntnztn,ntontn,ntontn.ntoton,nt
nton,gitntn
F n+n+nt+n,ntntvtn,vtntntn,v+vtntn,b+
our n+n+n,vtnt+vntn,ntvtatn,ntntng+n
Five vtovtntnta.ntuntatontn
si ntovtatntontn,ntntntovitontan.ntgitat
ix

ntontn.ntgitntntontn
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(RAD) 4 KA K R AR F 85 35 Ja 20 07 B SR T
PR AT IR BUL E S B R T 1A AT B AE
WEARE . SRR I H] 52 22 BRI R A O,
ik 1 TR A AR R R
i A 75K 3CA Requirements
AR AR CandidateTerms
1. for each Requirement in Requirements
2. DT<ComputeDepandencyTree(Requirement) ;

3. DSTs < ComputeDepandencySubTrees (DT); /* i 8 U fu &
ATT.COO.LAD . RAD4 FAKAE 56 R KA F#E = /

4. for each DST in DSTs

5. for String in DST

6 if String is continuous and | String|>1

7 CandidataTerms. add(String) 5 / * 4 3] B2 A 245k R 35 x /

8. endif

9

end for
10. end for
11. end for

(4) 4B B 1oL U
AR B8 4B R 2R 7S 2R T A TR — A UL R



36

Computer Science THEHLEIZ  Vol. 48.No. 5. May 2021

SE AT Y SCAS Hh L I BT A2 R U 0 T )
A Z AR 5 R CHR 28 T . R A SC3E BT 1 i 4
SR E o O SR O S DR AR R T . SRS 1 3 A R SR T R %R
HhA B AR T B B 5 AR R E SCAS TR BB (i THUC-
News) H1 3 SCA I3 26 4 4 1 745 b iy 30 8% U B0k 1 2 1 8
PR TE . WM 2 X A7 76 3 1A Ay 16 ik R 1 kAT 2 0K,
CETERC LU A B X TRALE B L e AR e 1
TC KK A Bl A8 AL A 15 4 25 25 AU R AL i A8 73X AT oK
PRI 14 D RE AR T L 2 5 O U TR B A BT ST ALY
CRMVE R AL R R AT O RT T R R D T
CAS IR R R AL A TG R AL L ) 7 8 R LA

a7 A A R AL A A TR AL R .
2.2.2 RiEAasiit St

Sy T AR AR TE R AR DL AR B, FRATT S 3 RO ek

(1) 56T 15 v AR AR B S ol T 75 12 A 0 8 5 s 3 5 i —
KB ARTE (20 ) BIFLE Sy (202 0 AR SCR AT X BB
(block distance)™ | 4% 5% A L ¥ (consine)™ | Dice % X
(Dice’s coefficient) ™ | 4 45 I 2 (Levenshtein) ™™ | RK JL HL 15
#H 8 (Euclidean) ''*) | Jaccard A0 1 Z& £ (Jaccard) 7 | Jaro B
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Hash-Hamming Distance™™ 3% 9 Fr 58 5 3 3 2 AR 35 % 10 18 15
ALEE . B PR R B SR R R R 2 B,

2 WAL B Sk A A

Table 2 Grammatical similarity algorithm description
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XHEBTEE FRIEF EAEER LIERFEXER. BT
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W AR IE X AR

BREREEE YA EF AT m B0k A AR ERTEREA

Consine

A8 LB

AR ERARFH AEHABRFZHHKERURZFARILN & &K

Dice’s coefficient

i AE X AR

REH —AREEEN G —AREHFIRDFZHEEEEN M RE
B ¥ K BRI F A B X8 A OUR

Levenshtein

B ARE RS ORI EENT 2 B T — 2 R H R E XA

Euclidean .
WE
Jaccard A E A A R KN DI B RN R AR RE ey A UE
Jaro FERARENENMFEFRNALFHERTEA B RAOHEMLE

Jaro HME M T B . EH Jaro B G REBZE WA LMRKELE 6K

Jaro-Winkler x

SimHash-Hamming
KU BB

Distance

S Hl SimHash 42 1 Bl K E M X ARBA A E K XA BEITHEE KX

(2) He T 55 SCAHARUEE , BV AL FH 18 SRR L 5 s 1 53 4 —
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(3) T 1 36 AN SCARALL B L B 45 52 — i 18 AR 3 (202
BT A U S, (oo ) FNIE SCHIMBLEE S, (2ot T AT 2B B
max (S, (¢5¢")+ S, (¢s2"))VE A5 1 ARAE XoF B9 AR DL
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Fig. 6 RC4SCS process
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(3) P SCARHE

A T R SCAR Rk 1 Im) d ( TE 2 L H LAY SO R AR A 2 A
FHia 48 A (Bag-of-Words, Bow) #1 TF-IDF (Term Fre-
quency-Inverse Document Frequency) #&#,

Bow A5 RURE 27 4 5 H CPF 5 SR B 48 vh oK () 98] 1 4
A A L 55 9 7 1) M8 3k AR 3 A SRy SCAS R AE 8 1) 35 A 3R
CEP 3] 35 72 5 5K SCAS BRSO A Dy SO R AE Y 4R AE 1
T ik ke Bow A5 B AE FE 3 ARURD 23 0 A 5 R K R AT 18 19 7]
AU, TF-IDF 584 38 ik 4 1 3 10 A8 i A 75 oR SCAS o Hh 30 A 430 30
St VR e SCAR A 1R e A R o AR XS 55 3000 1 A5 43 HEAT AR 5T
TF-IDF 935300 (D B

TFIDF,,=TF,, X IDF, (@D
Forp TF 48 58— 45 58 B3l T 72 1% SO i 3L B35 TF,,
1A ¢ 75 SCR d s B A TDF 48 306 1) SC R 4%
IDF, 5 — ¢ 1) i ¢ B39 10 SCR R, R 3TN T 5 3%
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Table 3 Top 10 keywords of different types of requirement

o i %o RE 3 #u

B % i % EE: #u

R & nE fio KB E %
B R 2 x4 # fr EX )

#AT i Y2 B A # 1

R R i & Il IR 5 1 L#

4 [0 4 o KB R eSS &
# A #E Fi & % 1% A

X NS % i 4 Pt

¥ A £E BRI i % bk LI
RAE R G5 A it K& HYE O

(DY o Al

W SCACRRAE (¥ 1 5 J5 P LA % T Ja 00 A i A L 8 L
A 2] AN G oy SR R T B RO B 19 A AR
AR SR 2 5 1) (Logistic Regression, LR) (A28 D1 - Ht
(Naive Bayes, NB), SVM, K T 4 ( K-Nearest Neighbors,
KNN) Bl L £ M (Random Forest, RF) 5 Fft # # fit) 1 #% 2% >J
Gy RER AT .

(5) P4 4 S 1Y

K U3 SCAS 9 AR AE 1) 0 [ VR S 4 BB RS I AL 4 38
A5 2 R0 0 3 SCAS B R 2 . AR SR F LA A8 U AIE
1977 FAPAL 73 AR TP A 48 b3 R T AL e L 8% 2 2] 4 2K 48
#5 » BUKS i 2% (Precision) . 3 [ %% (Recall) il F1-measure, E{&
TR 4.3 97,

e TARGEARTE T KPR M 2 s, A
PR % B M5 [ R R BE B O ()
Bk 2 JETREEAR I R R
A T 3R CA Requirements; 5% 2 R i CandidateTerms
gt 75K 289 RequirementCategory
1. Tokenizers<-Tokenizer (Requirements, CandidateTerms) ; / * 3£ F

B3 AR TEARRAE X I R4 0 5 5K SCAR AT 4] %/

2. Vectorizers< Vectorizer( Tokenizers) ;

3. Classifiers<Classifier( Vectorizers) ;

D AADL S A U 2R 45 0 BT AR ifE

4. Evaluators, RequirementCategory<—Evaluator ( Classifiers, Require-

ments,CandidateTerms). / » PEAH AL 1 7 SR SCA I HE g « /
3 ITEXH

3.1 TEER

TRRC4SCSTool(Terminology Recommendation and Re-
quirements Classification for Safety-Critical Software Tool)
EET Java BFIE T I LK IF LY A R 0908 2042 0l 20 51 I
AADL(Architecture Analysis and Design Language)" T I3}
51 (Open Source AADL Toolkit Environment, OSATE) #1,
TRRC4SCSTool Ji 8 T B 9 52 Bl 3 22 lF MVC (Model-
View-Controller) FJ 3 i B A8, T HSZBAEZR W 7 fiows,

(1) View Package, ¥ B 145 % 3% J& 71 (Requirement View
Package) . K 1& #E 77 J& /8 ( TermRecommendationView Packa-
ge) MIfE 3K 43 25 ' 7R (RequirementCategory View Package) ,

(2)Model Package F= %404 3 F i AL . 22 42 5 B AR 7
SR (SCSReq Package) | AR i #E % #5 B ( TermRecommen-
dation Package) Fl #F 3K 2% B € % ( RequirementCategory
Package) , H:H,SCSReq Package 5% P X} 42 4> 56 B 5 1F 75 SR
P B3 A5 A 5 s TermRecommendation Package 3 4% 3 /3B
43, CandidateTerm Package 52 81 X i 3 AR 5 #5595 £ A 2
S, SimilarityMatrix Package 5% 3t i 158 A 15 M1 BUAE 4 (1) %
PR E S, TermClustering Package 5230 X A 15 B 2 45 1y
BE M 2 5 RequirementCategory Package M) 52 B % 75 5k
FE 0 BB 3 S

(3)Controller Package = B AL 4 Fh 4 il 7% . 158 18 R 15
PR HUFE i 4% ( TermExtraction Package) . # 8 B 31 58 44 il #%
(SimilarityCalculation Package) \fi% Y& A 18 58 25 5 il #8% ( Term-
Clustering Package) M 77 3K 43 25 ¥ #il #% (RequirementClassifi-
cation Package), Term-Extraction Package f#i i HanLP % 5¢
JEA 15 il B, SimilarityCalculation Package ¥ ] Similarity
SR S BEAR AL BE T 5L IR Jaro-Winkler B 25 4E S 35 72 AH {0
BRONRE W, 80 00 AH 0L B2 A g 38 SCAH LB BRIA S B . Term-
Clustering Package & Weka #L#% 2% > i ok L AR HE B2,
{ifi F 2 K B8 2% (hierarchical clustering) B ¥EE M B BB LK
ERINHE MG . RequirementClassification Package [ i Jil Han-
LP 1 Weka 3k 5285 5K 43250 AR 5 BRG] 42 488 U AR Oy SO AR
R AT 4 B BRI SR o SR ) e LG 1 A Dy 0 SR AR R ERA
Hms . THA EZIRA gt an gk 4 7.

F4 THMAMEIT

Table 4 Statistical code data of the prototype tool

HE o o e R java (fT)
I 3 Interface bk E: 300+
Term Extraction i E % K IE 600+
Similarity Calculation it 4 &% K& #9460 300+
J& Term Clustering Ui S 100+
Requirement %ok 500

Classification
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Fig.8 Terminology recommendation module implementation
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Fig. 9

Requirements classification module implementation
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Table 5 Case size
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Table 6 Typical requirements for term recommendation datasets
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Table 7 Case size of safety critical software requirements

classification method
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Table 8 Typical requirements of various categories of safety-

critical software
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Table 9 Execution time of case studies
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FILER 3h10 min
AR A A IE # #F (XA IE 4R BO 0h50 min
AE#RFRBERR+-REBERD 0 h30 min
£ A FILRER 2 h30 min
HEPEBHRG, R A A IE # #F (XA IE 4R BO 0h40 min
120 4 F R ,785 £ K iE AEEERBERR A KERE) 0h25 min
FILER 1 h30 min
T A A IE # #F (XA IE 4R BO 0h30 min
AE#RFRBERBR+-RAEBERD 0 h15 min
FILER 1 h40 min
AR A A IE # #F (XA IE 4R BO 0h25 min
AE#RFRERBR+-ARBERD 0 h15 min
%6 B FILRER 1 h15 min
FHRAER, R E A IE # #F (XA IE 4R BO 0h22 min
120 4 & K, 334 K A% ABHECRERA+ARERE)  0hlomin
FILRER 0 h45 min
I RiE#ERAKERIO 0h10 min
AE#RFRBERBR+-RAEBERD 0 h5 min
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Classifier 28, K (¥ B 5. ML M E 5 R H RandomFo-
rest Classifier 2%, e K 552 2 284 E0 E S 200, P58 4 1Y fx
KRB E R 3, RSB RHMERER B R 500,
4.5.2 ZBERLIT#H

F 109 T ZAr I SE IR 25 5 45 R R W] . SVM B EETE 3
FPRRAE R BT 1 PR AR T RE I RCR , A8 AR K F93. 75 %,
LR 5731 NB #3574 Bow Ml CHI L £ R 4. HE S TF-
IDF 2 & &), R KAE,

# 10 DRed R AR AR K — 402
Table 10  Functional and non-functional requirement classification
AT 2 9%5)
TF-IDF Bow CHI
Precision Recall F1 Precision Recall F1 Precision Recall F1
LR 95. 96 82.40 87.15 97.79 92.50 94.78 98. 27 92. 80 95. 21
NB 94. 89 77.20 82.42 98. 20 94. 30 96.08 98.41 94. 35 96. 20
SVM 98. 88 95. 40 96.99 97.17 94. 80 95. 87 96. 66 93.75 95. 10
KNN 96. 74 93.40 94.93 94. 33 74.40 79.67 93.90 77.45 82.38
RF 70.13 50. 80 46.08 70.19 51.20 46. 86 93.04 67.60 72.10
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FRUFHNH T AR LR, R R LR, NB Al
SVM fE 3 i fE S By ik P # e B R 4, Hovp SVM 5 TF-
IDF & £ AL P M IR KT 95.50% .,

RI2PIM T I KM LI R, LR KY . SVM
H5TFIDFAAGRAERARENRA, ITMIERY KT
95.59%

11 4 KA RER R P2
Table 11  Four non-functional requirements classification
CHLA . 26
TF-1IDF Bow CHI
Precision Recall F1 Precision Recall F1 Precision Recall F1
LR 97.43 97.40 97. 40 95.97 95.90 95.90 95.50 95.40 95. 40
NB 97.37 97. 30 97.30 97.38 97. 30 97.30 96. 36 96. 20 96. 20
SVM 97.52 97.50 97.50 95. 46 95. 40 95.40 95. 29 95. 20 95.50
KNN 94. 62 94.50 94. 50 82.29 80. 60 80.08 83.48 82.10 81. 84
RF 91.83 91.50 91.47 92.97 92. 60 92.59 90.79 90. 50 90. 50
F 12 IIRETEORA 4 KIETRETT K
Table 12 Functional and four non-functional requirements classification
CHLASE . 200
TF-IDF Bow CHI
Precision Recall F1 Precision Recall F1 Precision Recall F1

LR 97. 24 97. 20 97.20 94.63 94.56 94. 56 93.11 93.01 93.02
NB 96.01 95. 84 95. 81 95.96 95.76 95. 74 94. 00 93. 60 93.61
SVM 97. 64 97. 60 97.59 94.57 94. 48 94. 48 93.12 92.96 92.95
KNN 93.51 93. 36 93. 34 78.61 75.76 75.38 80. 39 78.64 78.17
RF 90. 13 89.92 89.91 90. 56 90. 32 90. 32 89.83 89.12 89.18

N T AL SVM A TF-1DF 414 958 . A1 4 M 3k
AR ER R I 13 By, STE R “ThEE” 2 5
AT KA F1 A, A 98. 99%0 . Al F M 28 5l 3545 e 22 19 F1
{24 91.07% . AN R FELL 155 09 J5 A T BE & 1T 4
28 sk AR T G B A A B, AN T SR AN R AL

% 13 TF-IDF+SVM 432 2% i 50 7

Table 13 Classification using TF-IDF-+SVM
CEAT 2 %)
Precision Recall F1
o 100. 00 98. 00 98. 99
i3 97. 47 98.72 98.09
ZAak 95.38 98. 41 96. 88
G %3 89. 47 92.73 91.07
#u 98. 41 92,54 95. 38
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Table 14 Comparison with existing terminology recommendation

tools
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Table 15 Comparison with existing requirement classification
tools
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