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Software Adaptation Requirements Identification and Analysis Based on Feedback Control

LIU Chun!, ZHANG Wei*®, ZHAO Hai-Yan*?, JIN Zhi*?

!(School of Computer and Information Engineering, He’nan Univiersity, Kaifeng 475001, China)
%(Key Laboratory of High Confidence Software Technologies of Ministry of Education (Peking University), Beijing 100871, China)
3(Institute of Software, School of Electronics Engineering and Computer Science, Peking University, Beijing 100871, China)

Abstract: The development of adaptive software systems is based on the adaptation requirements identification and analysis. It clarifies
what changes the software will face during operation and how it needs to deal with them. However, the existing approaches pay little
attention on the context analysis and lack of systematic process to identify the potential context changes. Moreover, they also lack of a
framework to consider the adaptation requirements for both the known context changes and the unknown context changes. To address
these issues, this paper provides an approach based on feedback control. Its basic idea is to model the adaptive software and its context as
an adaptive control system, and to identify and analyze the adaptation requirements through identifying the feedback loops of such
adaptive control system. By treating the context as the object to be controlled by software, it not only makes the context explicit, but also
manages to define the context-aware feedback loops and the requirements-aware feedback loops to deal with the known context changes
and the unknown context changes respectively. An example is used to illustrate the feasibility of the proposed approach.

Key words: adaptive software; adaptation requirement; requirements analysis; feedback loop
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K2 3RS R G

WL 1 B7s TR AR S8 AN AE BB R] e A8 AT I 42 1 45 2 80 5 (180 R DM X A 422 ok 5 it 5 v, .
HEANTG FE T TR 8CRE TR M, 12292 ) 2 406 1005 PS8 A A B2 25 P B A (0 AN 2 A1 140 2 W, L G e 6 B P 52 B 1) T .

AN T IT AP 2R 8, it ] B A AT IR ) AR 8 1 S B AL B 70 P 2 P oms AE R g AT i e v P R 4
(1 i kS (-t B A 7 2 i 6 D) A e e 5 [ it AN B M s 5 0 42 0 4 UL I S5 A i 1) B A 4% 1 45 52 I o S A A
SR B B 18] AR 22 ), AR A8 22 31 FRD DR /AN KT 8 08 A 2 0 B A4 o, T A8 425 1) R 87 & Bl s /5 TR 5%
Wiy I 75 R DR Il H AE BOE LA A

AR 2 o i PRI 2R G RE 6 I T 5 A 1) A8 R AN 2 A B HG R P00 B IR IR A R St AT I A
AN S B AR AR A T DR D 4 o) s 4 o B2 R (1 BT R B TR B IO O HL - FLs ) g Bk e, R
PR AN 2 A AR AR A DR G, 2 B v I TR IR A A G R . B A R AR IE AT I R P R A AR 4%
AR SRR Bt B B Ak, BIE N IER AR S 3 P T I DUE AR I R S RE A ie AT i R
ALl X 5 10 28 A1 2 e R 42 s 5 T B R U2 ) 3 BT AN TR BT PR AR o) R 4 1% R 4 A A
AR ol S A R B% I TTD 6 AR S8 AT I 3 Bl A0S G 1R AR A, 32 T e R g o s 110 42 132 4 A 49 ol
PR SR 5 AN BRI TS SR REE T A2 T R R

(13 7 1 5
g A T
i WL B i

A

—— (O —»f s Bt g

Wt T RO Wp b

Fig.3 Model of adaptive control system
(SINEBIVE EH ESE Rt
1.2 ERAENRHGSHREABENEH AR
B Jackson % A H 1 i) FUAE 48 7 ¥ 0100 P 302 10 78 SRATFAE - IR (O 5 thE SR 10— 30 00, oh — AL B
SRR R ) 2 HY FR IR (1 S B AP e % S B SRR S R BT I G T R R A 1 ) R A T e e ) AR B ) R
Wi, AP P 300 52 1R B0 ¢ O B0 TR b, DA 008 1 o B5E H O FRATT T DK B 55 3 40 T 1) PR 058 AR A — 4216

© PEBEBSAITT  hip:/ www. jos. org. cn



716 Journal of Software #AF33R Vol.26, No.4, April 2015

RGLALZFR G AT 2 10 &5, B0 P A TSR B2 Mgt 52, i P i 390 82 o502 1) 3 5 B 5 ) 5 42 i) A
10 i Lt B9 T AR G PR A A AR B AR G0 b 2 G P R PR B 4 A AT ST
IRLEIA LI G A B

X T A GE I R 8, AT AT LUK B 5 SER I B A R P A T i 2R R S @ B — AN TSR R e (A
4 PR BRATFAERR I P 75 SROT R S8 B2 Ja AEIE AT 1R 2L e sl 1 i S 15 A 35 1) A1, O B0 T 0 P 35 it

A NS = A RS RN
i?%
g Wy O

ARk ROl A RS T %
sk [0 ES

Fig.4 Sketch of the open loop control system composed by software and its context
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Fig.5 Sketch of the adaptive control system composed by software and its context
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Fig.6 Diagram of the adaptive problem frame
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Fig.7 Proposed process to identify and analyze the adaptation requirements
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Table 3 The observability and controllability analysis on context changes
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Fig.10 ZNN.com’ s updated goal model marked by users’ adaptation requirements
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Fig.11 Diagram of the problem of adapting to the change of visiting number
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Fig.12 Diagram of the problem of adapting to response time’s excess over the maximum
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Fig.13 Problem diagram of the adaptive ZNN.com
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