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Abstract: At present, self-adaptive software is providing the ability to adapt to the operating environment for many systems in different

fields.How to establish a self-adaptation analysis method which can recognize abnormal events at runtime quickly and achieve the
recognition quality assurance, is one of the research issues that must be considered to ensure the long-term stable operation of the

*BEETH: ERARPHEIE S £ 4:(61902288); [H % H AR5 4:(61672401, 61972300); BG4 H AR HE Al 5¢
it %1(2020JQ-300)

Foundation item: Youth Science Foundation of the National Natural Science Foundation of China (61902288); Foundation item:
National Natural Science Foundation of China (61672401, 61972300); Basic Research Program of Natural Science of Shaanxi (2020JQ-
300)

S i TR 1] A 6 58 P B R A B ORI T VR S R R L RS 2 e AR R R i B R . BRI TR B0 DL T IR

WA I ] : 2020-09-15; & M 1] 2020-10-26; K FH i [a]: 2020-12-14; jos 7£ 28 H i i 18] : 2021-01-22

© TEBREEEEIEDT  htp/ www. jos. org. cn



I S ATEHLZRRERARNFEN HEL M FE 1979

self-adaptive software. The uncertainty of the runtime environment brings two challenges to this problem. On the one hand, the analysis
method usually recognizes the events by pre-establishing the mapping relationships between the environment state and the events.
However, due to the complexity of the operating environment and the unknown changes, it is impossible to establish comprehensive and
correct mapping relationships based on experience before the system is running, which affect the accuracy of event recognition; On the
other hand, the changing operating environment makes it impossible to accurately predict when and which event will occur. If the current
way is used to obtain the environmental status using constant sensing period and recognize events, then the recognition efficiency cannot
be guaranteed. However, it is still blank about how to deal with these urgent challenges. Therefore, this study proposes a self-adaptation
analysis method for recognition of quality assurance using event relationships (SAFER). SAFER uses sequential pattern mining algorithm,
fuzzy fault tree (FFT), and Bayesian network (BN) to extract and model the causalities between events. This study uses the event causal
relationships and mapping relationships to recognize events through the BN forward reasoning, which can ensure the accuracy of
recognition compared with the traditional analysis methods that only rely on mapping relationships. Moreover, this study establishes the
elitist set of monitoring objects through the BN backward reasoning, then modifies the sensing period of monitoring objects in elitist set
dynamically in order to obtain the environmental status as soon as possible after the abnormal events occurred, so as to ensure the
efficiency of recognition. The experimental results show that SAFER can effectively improve the accuracy and efficiency of the analysis
process, and support long-term stable operation of self-adaptive software.

Key words: self-adaptive software; quality assurance; self-adaptation analysis method; event recognition; Bayesian network
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AF BN AR A K R A 2 Wi o = A ORI X R 7 3R e VP AR A R A R A — B R E,
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0, Hofth
s (X)=41-(m=-x)/a, m—a<x<m 1)

1-(x—=m)/ B, m<x<m+p
TR T o+ B DR B v o S 2 () R R TR E B ] 2 o 5 T B ] 57T OR 2 I S
BIRAEN ERRA A 2R BT TR RMER A TR R A, B R 2 A AR s SO 2 (038 S )
MR ) 57T TR A R (Q2),“B I TH F A XQ). X EH T TH 7 AR iR E 228 TEEN L
AT 1Z B B AR ARG AN B EZEFMS FEHAEENEETH
T IXFEE B ) bt 5 AT AR AR R AR o &S BORE T BT O S SR SR DL R 4% 1) S A R SR A SRR
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Boo =18~ T1m ) [Tm [ T(m ) @
B -1-T1(0-8)-[1-[T0-m+a)a[ ] m)a-TTa-m - )| ®

N PR B G A BT IR R R 5, A 28 T ARORN B AR 114 A R SR OC R AT I 2 5 1 .
Table 1 Symbolic representation
z1 SRR

(i) HF AR
T REPSS AR EUALF
My A RUR I
My 255 Dhfe 2 )™ E R
M, A
M, oY IR
X1 Lo B 18] R 1 21 5] E
Xz T TH ) 9
X3 T % R
Fig.2 “Node Resource Problem” fuzzy fault tree X4 R
2 4 2 U B i e SR
Xs LA EB

Wk 2 53R 1 Fos AEX AR s A X0 ~Xe 0 BRIR I A F0E AR A2 38 15 20 0 3 1R 2R OC R A5
Xi~Xe TERF B 445, /TR S 80N L ZFHA 5008 M Mpy Mg, e My S48 2 AN M1 55 Dy g 52 31 7™ 55 ), mT gk
=R N Marn Mop 55,0 51378 1555 2 BIGEM . 2 50l 55 52 B2 Wi A8 M4 1 R R SG &R X 2 v ) <A1
TR R A B A BV AT TR A BT L B A A

3 DA ARATOR S 0 O 51 A 8 T O SR (ELAE B0 SE B B 2R G F2 40 O Mg A PR 2R S R I AR 3L
MR IR 2 R TR I DRS80S A D Rmb ke s s P TS Dy s, S ST 22 RSRH 3 Y

N T 3E G T AR AR 2 ) A DR IR G AR RIS )R 2 8] A £ SR A O 00, AR SCHEAT T 40T Ab PR AR
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AR OR IR P, A SO AE R GEE AT IERE Ao A BRUR OG RBR RE AT B B 1R 5 S AR 2 IE 5 B i AL )
MR R S AT I DUK PR E W 2 RGTIZAT — I ] J5, 508 R Gtia 4T H & R 13 50 000 4 I o #5584 k4T 58
RABAT IS R LA L2247 H SRR AR R G S brig A7 i DU HEAT P 8 5 25O A BURAR IE 5 SR I A SO
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FFT B 5, (8 2L BE 5 & N HE R R 3 H ANl e P8 R R A B A SR A
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AL — 5 R RN e AR 2 6 Dy 1 T 0 B i P DL S8 X 29, DR P DL ek 2 o 4% £ 44 B B ) SE BRI
.U EL 3 7 AR SOREASOR e B g 45 ) e 4 Dy DL 37 0 248 PO A T TS A J] BT R e 10 5 A A 0 L e 4 Oy
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(L) A, DU DL - 4 ) % v 35 2 ST — 5 e ASORY 0 B RS v 10 S DR e DL e 8 IR 2% 7T R )3

LI 857 I 2% 25 ) B NL 2 S 7 T SR DL 407 X 246 v % AN QYT A5 T 2 TR D S R R R A% 4 DL S
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it H S G5 BB H SR A 2 0 R ARR A, & A5 2% 1R R 5 TSI D0 A 22 5 K 3 1 2 1 1)
DU $07 18] 2% 345 AT 2 0K #E Al 1 A S U 308 3o v SRS RGA i o A e 4032248 1) 5507 75 380 DL 38 IR 46 1) 2 R R 4L
5% A M A 3R RE 6 0 A% S5t DL Pt 30 oA 5% S AR AT e, D S 1 ABE X LA/ A 0 0 17 2 i DL - 8 o 4% o 41 2
{1 X 2 421,

T 2

12
th=
il

®»® OO ®& ®

HERA A b UL -3 g

Fig.3 Conversion process from fuzzy fault tree to Bayesian network
P 3 SR i AR i) DL oS0 o0 445 £ e At iod A

(2) HAFRBLTE

A S T DU J4 ) 5 I 1 #E 2 BE 0 R A DL S0 I 2 SRR B A BIR S 5 B EDIR S S5 A\ Bl il i X
LR A B 55 FE A S A A S0 U SR BT A 15 A e A A R AR R T b B T S e ] S AT T A
KA S A S s (4) s P(upperEventy) 3 s il i s (4) TH RS B S | A EEFRRAERBER X, $
V) A AN T AR S L 2 B P(lowerBvent) RO 28 s AN 2 44 kA2 (1 2% P (upperEvent;| lowerEvents) & 7~
# s AN NEHEMFBOLEZE SRR SRR, i BOB 57 T MR X R B RS R RS AR T
W RS A R EREN LR S TR

k
P (upperEvent,)=>" P (lowerEvent, ) x P(upperEvent, | lowerEvent, ) 4
=i

FE ) FAHEF A R R S AR S § R AR, AR R E S 4E lowerEvent;(P(lowerEvent;)=1), itk B 38 HL
P(upperEvent;|lowerEventy) LA &k 58 AH 4 j AL TRZEHEH LEFEM4 @ GRBERFMH k HLRME
P(lowerEvent,) LA &% P(upperEvent;|lowerEventy), 3t [FEAX N R (4) 4, 1T H A5 2] P(upperEvent;). 4k 4244 upperEvent;
YERTFIZ2FE lowerEvent, [RA X (4, B XA, BB FTA /L2 0 & AR BE R0 5 58 1, B o ] g
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R B RE DG B Jn x G855 B iR B AR R H 1.
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3.3 BT NIMHT R [EHEIR A 3 (IS 75 7K

(1) RSFRME AR S

H T AN [ 35 A 242 5 ) T S % A 1D 6 A M R A [, D 0k B S e s T 4% AP R 5 e v, D S5 3 o e K S T 1)
FE A AF AT R ER 5T AE T kA 2 R R A B R G S T B i R EE KRR IR L AR SO T
s PN A A7k 5 E o 21 W R A 1 1 5 AR T S 1A B F 2R (B A s D SRR b ket 51 ), I T il DL - 37 ) 4%
F 37 T O e A P 2 S T 2 4 P R R R S B ) M O T R BRI S B AR A SRR IR B L Ak,
A I LR P 7 3 R B N 1Y L

T 5, 3 DU T ) 4% 010 5 1] B i 0, A SC AT AR B A AN A H A 1 56 MR B T T A R A A
FAE KA IR, 02 3 (5) B s L P(basicEvent;) . P(topEvent) 7 il e n 36 A 4 j AT 1R () s I ME R,
P(topEvent|basicEvent,) % /R fEJE A A j & A RIS LR, T84 R AR X ok Mg 26 3 B0 I H BB 4 ity
BT, USRI R A 1488 26 00 7 2R A5 BE AR 04 0 U B AR K/ I 1 6 6 T2 A 2 6 R i R L 6 M R
K UE B B AT 8 5 BT AR 1 kA R A SR B 55 60 MR 28 e R ) A S 2 M G PR SR SR SR M N 1)K i Jk
HISE G AT S,
P(basicEvent; ) x P(topEvent | basicEvent )

P (topEvent)

SHC Uk, 2 e R 1 2 T B T 0 2 TR, 3% 2% T 2 S 0 TS A 2 ) K
VI 4 L K, T A S 4 0 T S M B AR S 5 A A 6 1 B e
DK SR A 0 S R, DR . S iR )

@) A I h s i

7 b S 04 B 3T 7 5 0T 48 S S P s 0/ 20 1 90 4 43 5 A 4
A 0 T8 B 52199, — R MR BT B AR A ST R D ST SRR AR B T4 2 K o

P(basicEvent, | topEvent) =

()
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PR EAR A i 10 30 Sl 158 0L 0 1 R B U8 AT PR T A2, 25 T B AU 10 AR 85 M 00 7 9k T 8 KR e il A
T R A 452 2 FAT DR 285 0 220 1 24 BT 30 5, 5l 20 SR T 4 1 A P A D 358 W 8 S5 0 sl e 3 A8, B 00 7 925 U 5 Ok
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k=1
ot A B AE AL T G, AR SO Sk F U AT B U AR B, e A kAR REUE I T E A Ade
R B G IE IR AS IR AR SR B 0, 75 J0) AR g 1% T~ FE B8 R I S 0] R 7E £ I % 1) 2R G0MRAS 5 o P
N A, (7 PR,

A,=2 Ay /D )
j=1
R (6) AT (7).t I % R GRS I 3 B2 2 SO A = (8) s o el +62=1.
A =elx A +e2x A, (8)

HARFREVHE.E St N ZI 3 & 1R m IR EIN R s HOHUE R 5 O IR B R S, 2, U ik
1T B AL A B, 2 R TC AR A B 5 03 3 i 1 P9 A IR e, 3 T AR R T M Dy MEHE RN E Dy,
n(9). K (0)Fw, I # TR L RN IN(AL), 15 25— AT Bt i 2 S0 Bl 1 A2 . S,

D1 = ( Aoz + Gigomiz +o-+ g )/m ©)
Dtsz = (am Idts - dt.s—l‘ +a,, ‘dt.s—l - dts—z‘ +...t+a ‘dts—m+2 - dts—m+1‘)/(m _1) (10)
Sy = Dle/Dtsz (11)
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ANTRVIR 45 B TS LAN UG 19 B %5 7 o S L AL 8 & R B A5 B 444 CPU Inter(R) Core(TM) i5-4570, 4 174 8GB,
HeAF R 42 Windows 64 1.
Table 2 Running log snippet display
F2 BITHERBRH
B MRS LI REARSTUM A% S OBE WAICPU AN

75 ] J°7 B[] (S) IR 2 (%) iR 3 [ B} 1] (s) FIHZ(%) % (%) o i) 2%
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3 1.45 0 945 34 61 80 15:41:56
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9 0
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Table 3 Mined event relationships display
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Table 4 Symbolic representation
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Fig.4 “Service Resource Problem” fuzzy fault tree X4 55 A 5 B R
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Table 5 Event probability table
®5 HAKREMEE

HUYLH RAME
T ) 76 2 i L 5 T 0.166 7
T A R 0.3
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Fig.6 Accuracy and recall of the SAFER and other methods
Kl 6 SAFER 5 HAb I/ VE MR 2 5 A Bl 25T Ll
(2) HREME(RQ2)
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& AR R K T SAFER WU SR I R AR I .
i3t % BookStore £ 4t H {1 T AT T (R BE 4738 — S I HfE B, fi 24 T ORS S I K SR &, LK 6.
Table 6 Elitist sense set
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Fig.7 Posterior probability of the basic events
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Fig.8 Comparison of the time efficiency between SAFER and other methods
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Fig.9 Execution time of SAFER and other methods
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