23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2017,28(5):1247—-1270 [doi: 10.13328/j.cnki.jos.005106] http://www.jos.org.cn
O [ b I8 ARAH T ST RS A Tel: +86-10-62562563

= - A1 *
HEAETNBE T R IEK M
¥ oY I o, 2 Y 8 ) EER
(=W RT WAHE%BE, = B 650091)
BRI RESLRE(SFEAY),s8M B 650091)

MR G5B,z BU 650091)

WWHAEE: 3K, B-mail: zhxuan@ynu.edu.cn, http://www.ynu.edu.cn

B OE RHFIREROENS BRI R T X —F 2P, A6 E R o9k BALE, AR b AR E 0905 2
A2 E AT — H oAk A T 2 0 — R B B AE ) e F KA 6 &b A5 SO 22 5 S AT3R 04 2 7 3248
BAK I BT Fo KM HLR 7k AR T SRR AT R RN M 5 R AL TS T L B AR AT HE
ARG TTAE S AR 2 88 KT i R 5T 7 ik HEAT B 3R T Al 540 X A8 i R IRAE S 48 B SRR 6 S dB 0
S T AT RARMEA FA AR Ko iR R AT 2 ILAE 20 A8 F R 69 Rk A% R AT 2 € 0 R A RO A 2R T ik,
XTAETR A T 64 RO B ARBT RN AT T 538 3 A Rk T A AR, A SR T R BCR AR AR B 2 TR VT 4R 4E 49
AT e FARYE M B A0 A5 75 AT T84 f SRR R AR AR ) 0B KB R R e A T2 8 Z e P SR E
B0 43P BORACE T 3T I3 F S 69 Rk BAT BB R AT, 40T 1 TR DU FTIR ik 09 T AT 4.
FERIR: AR E R A E KA A T B e R SR R ALK

REESES: TP311

g AR 2 TR, 0L ZR A, 1 R AR Al T e 75 SR B AR AN B 22 41,2017,28(5):1247-1270. http://www.jos.org.
¢n/1000-9825/5106.htm

Y 5| i #%3: Zhang X, Wang X, Li T, Bai C, Kang YN. Trade-Off costs of software non-functional requirements. Ruan Jian
Xue Bao/Journal of Software, 2017,28(5):1247—1270 (in Chinese). http://www.jos.org.cn/1000-9825/5106.htm

Trade-Off Costs of Software Non-Functional Requirements

ZHANG Xuan'?, WANG Xu’, LITong"? BAI Chuan', KANG Yan-Ni'

'(School of Software, Yunnan University, Kunming 650091, China)
%(Key Laboratory of Software Engineering of Yunnan (Yunnan University), Kunming 650091, China)
*(School of Economics, Yunnan University, Kunming 650091, China)

« FEEH: HK ARFIEES (61502413, 61262025, 61379032, 61662085); 2 i 45 N HI EE AL 58 1 £1(C0120150180); =44
HHE T RHAWETUIE 6220152020, 2013Z056); 25 FE 4 PoF T RE HE 0 SE 00 50T O 6:(2015SE202, 2012SE308); 25 f K%< i 4F B 1
FOMER IR R A 2w R K QT A1 B3R ARG BB\ % I 2 2 M K% A SCHERES H 462 (13 YNUHSS007);
20T AR G L BA <Kt 3K 5l PR AR TR 65T 1T A H A

Foundation item: National Natural Science Foundation of China (61502413, 61262025, 61379032, 61662085); Science Foundation
of Yunnan Province (C0120150180); Science Foundation of Yunnan Educational Committee (20152020, 2013Z056); Science Foundation
of Key Laboratory of Software Engineering of Yunnan Province (2015SE202, 2012SE308); Young Teachers Special Training Program
Funding of Yunnan University; Software Engineering Innovative Research Team Funding of Yunnan University; Social Science
Foundation of Yunnan University (13YNUHSS007); Data Driven Software Engineering Innovative Research Team Funding of Yunnan
Province

WA ) 2015-12-27; B EHA): 2016-03-17, 2016-04-21; KBS i]: 2016-05-31; jos 75 2k H IR AT [ 2016-10-11

CNKI W 84158 tH i 2016-10-12 16:26:53, http://www.cnki.net/kems/detail/11.2560.TP.20161012.1626.021.html

© TEBREEEEIEDT  htp/ www. jos. org. cn



1248 Journal of Software #4F3¥ Vol.28, No.5, May 2017

Abstract: The non-functional requirements are the determinants of the software quality. The satisfaction of the non-functional
requirements impacts the software quality. Considering the importance of the software quality and non-functional requirements trade-off,
based on production theory, elasticity of substitution and linear programming, an approach to analyzing trade-off costs for non-functional
requirements is proposed and a support tool is developed. Firstly, our previous work about satisfiability analysis on non-functional
requirements is improved. A new coordination method for obtaining non-functional requirements from stakeholders is presented. Then,
ontology for non-functional requirements and corresponding knowledge base are constructed. The previous reasoning for the strategies is
provided for decision-making of software development and evolution. Because of the ability of addressing the conflict relationships of the
non-functional requirements, our method is better for the software industry. Finally, through applying the non-functional requirements
trade-off costs for maintenance and evolution of the trustworthy third-party certificate authority software case, feasibility of the proposed
approach is described.

Key words: software quality; trade-off cost of non-functional requirement; production theory; elasticity of substitution; linear

programming
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HH VT AR B0 G SR A A a3 L, WUPHE A 56 435 WL 28 5 — 1) 3 WL R AT B B R0 T A i AL
AR 9 2K PR 40 38 2% R o6 4 8 — RO R AE 43 05 0 7 DL 4 L0 R N LA I, I R BT
FIEAH G I A NP B 2.

B2 R AR I AR S RO 5, T T A SR VA B Bl 4 A A DT A B (R B

v v
v v

< 2 < < 2 2 2 2 2
2 2 < 2 2

22 2 22 2 2 2 2 2 2 2 2|
< 2 2 2 2 2

2 2 2 2 2

< 2 2 2
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TR A B PG B 5, W R O AT J3 030 0, T PR 00 s T SRATH AR A A 43 8 = I, T
FF— O L8 — SO R SR AE AR 23 B (0 000 HEAT S5 45, 9 SO 4 BT A R 2 AH G 3 108 NP 3R 3.

SCUR 3. AR A DG AR A A 1 S AR A R 2 A DG S R LR B A PR A A T e % P AG
AR SR i 5 VP AL B AT I3 B, 3 SR A S B P, U 5 B SR B R AR AT
SRR AT AE A0 B0 L k2 1ok 20 B 2108 ji— 2.

W% SR Delphi 751 REWE 7 3~5 $8 104 RR 1A il — BUE WL Delphi 75155 |\ (0 5 Bk 76 124 /0 $0R) 26 4]
RFHFEA LM VAL 2 LIS 8 1 Delphi 7 i 4@ 28 B [ B nT LUAE 28058 IR 26 AH DG 38 2 1] 11 V40 3, 38 H 2D B0 R
i AF G 1 1 1 5 A 220 M) I T 5 ) o 246 Aok 250408 1 1 A P B B B2 1) 8, R 26 R DG 8 TR B 1 7, T LA g
Yo DRI R 2 AF G 38 e = SR A T S B0 H 2 T ) i) R

2) BAFAET e e SR A SR

A A% (ontology )k & A Y T35 27, 70 3 2 A 2 6 T AETE A R W BT 91 s H B 0L 5 15 R 25 e, 4% 14
FH T A0 R AR 1R — S E S M R A0 75 R TR A B AR T RE A SR, i LA B 1 B AR TR
ZF EAHA TR BN E I T BRI R AT T2 2R B A (RIS 1) 25 AH G 3 DLEME, T X F
KA F0) € S i) GHATE IR v Ve 5 0 D AR IAE DA RN K S T I 5 DR AR A0 S (W 5 A 7 Bk ik AR 48
— X AL T RE T SRBEAT 78 XA AT AT IR, AN ) 1) 27 BT 3 8 55 SR K 58 SO IR b N A7 A4 2 e, L 48—
Dy e 75 3K 58 SR A AN D6 TEI, TR Ry B4 I S B I8 A Ak T PR A Ak v AR Tl e 75 K 19 58 SN i RE % 3& B AR AL,
BEANBESE — 2 S, ST B AUk WA, o T M8 WX A 1) 8, Boehm £ INCOSE 2015 L3 H T R %0k & (system
quality, fI X SQ)AS M & 10 J2 H o TRE 5 28, 0430F Gruber Afdse UPUHR H R G0Em A A 45 H) SQDS(SQ
definition structure), i 2 8 i 5T 5 A% 44 58 S, REME TE A [) 2% FF QR 26 AH OC 8 AT A R G0 e X IR B4k
I 2 = Bl IR ARG 2R

Boehm [ i Ak &5 SQDS % 2 (class). MA(individual). 2 M (referent). Ik A (state). T FE
(process)FH 2% & (relation)iX 6 /NJGaE, Horh JE 2 AR DI RE TR 3K, IS I 2 Ik 45 K4 22 AR Dh B8 75 3K 14 73 il 445 1), AN [ R
AU ANFEERAE . AFEZERHR LU & A A A R TR B A AR S LIRS EREMXRNTE,
2 [ 2 B B A D RE R SR I FR AR B8 IR S 20 o0 9 EBARZS FI AR B ARES, P AR ZS A LA (1 2 IR b Bl i 2 58
T S, R AN IR 2 T SN AR BARAS 1 AR 2 SEEA [ R Ty fi 75 SR IsF 45 P AS [R] o AR R 6 30, 0 R IR 1)
S AR T fie 7 SR IR (1) v 58 S AR O R

FEE T AR AR 1R A L b 2 S ST AU T ok A % Boehm DT BB AS A M TR T 5t S A E T AR T
i T SR AR R 2 A Th R8T SR A A SR R SO R A S0 R R Al Th B T SR R RN I SR AR Th g ok
P S JE AT R B AR R 25 A DG 3 BT I (1 A Dy g 75 S DL A 3 26 | Dy B 5 SR 1R 40 Ak 45 44 AL [ B 189 3k ) e 75 3k
WIS B bR PRSI R 0 TR 0B &0 RS I AR Dh B 75 Sk &5 M T AR A F 9 e 1) B se i iU EBNF(extended
Backus-Naur form)sE X, 7€ X H [ "3 7n AT 1 8 S 45 0 B oy, AT G ml LU B 0 IR B 1 IR« VRN
528 SURI S5 R 8y 227 AT LA S 0 Ik B TEH0R O A I 17, TS5 H 8 0 1) &5 4 58 SR 3 SR A5 g LS

DL SCHR[4].
o CEINRETR="NFR’, :Thfe K4, EThReTRME, (FIZHRE Y, {FHK), (SRER, RS,
(I FEY.

o ZWIRIF="REFERENT’, Z{5tr %, SRR, [ZRiERA K]

o RAES='STATE’, WIBIRE, (IR

o WIBIRES=ARE L, WIPDIREHIR, (SR

o HMEHARE=AMBIRE S, SNTRSHIE, SRR m.

o II=PROCESS’, d#i4, LRI, WE3), 7, (&3},

TEIX B PRA VK15 3 8 SO — AN R i 8, 5w OB 45 04 e 7E £ 45 0 b )44

o IEB)="ACTIVITY’, iH3I4, [‘IMPORTS:, A=, «”, {AFRFH]}], [‘EXPORTS:", 4% 5 ],
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“7, (AR AW, [[LOCALSY, AZ R W], <, (AR R AU}, ‘BODY’, W& sk
5 SCHF) IMPORTS 74 EXPORTS F#)#1 LOCALS F1) 43 iz SC T 4N i HH R b B340 465 40 ik
TGRS PAT IS it S5 RTINS 3 N B AL B BODY & ST 6 Bl A HE 43 G s A ) LU — A a4 G sl 1Y
TR, AT By A0 A AT 55 51 A B
o RRMHI=ARA, 0, AR
o AEHM=STRING” | “INTEGER” | “ROLE” | “MESSAGE” | “Report Type” | “Notification Type” |
“Procedure_Type” | “System_Type” | “Requirements_Type” | ”Plan_Type”.
o IEENR=ESS, <7, ((E55) | R,
o ALH="TASK’, (L4554, L5k
X e R SR 12, R IS A ) 5 AN 7 78 56 3 SR, 3 37 SRS 72, SRS T A5 AR A7 it SR s 40 SR 0 1 2
RE T K RS2 96 2838 2 45 th T 15 20 SRS xR Ty RE 5 SRS Wi 14 < 481

Table 2 Examples of strategies’ effects on the non-functional requirements

T2 MR R LW
TR T DL IR | TRm R
AAE AR - TR 5 T
B O 2 _ A
S e S A VK%, 40 b7 2 AR .
H DOS it Kl 5 B . Wl e
S A 52 B T 2 7 2 1 - 54 FHPE TP
BRI S % A b _ I
SO IL 2 o P atety) TRTE | R ATE A
TE M B 7 Ry
. 12N T .
IR Biskit R .
Sl T BN T e
S5l Ay 2 P _
ot LR T RTE, T BT TE | A T B, AT T
: P AT P
A AR . AT
A e At p
AL e 3
N . TR
W R _ WAk
A ek N 4 e
AT . e St
51 5 12 e A A
WL LR > AT
SRR A BT - ARGk
TRt i St AU % A
A e e _
SRR 5 W B e _
P SR 2 R
By 2 S A .
) R TR T
R Biskik A _
ST VL0 ST . T

TX LGS Th HE 75 K 1K) 52 W AL A A By BE 75 SR 2 1] P b R s AR 08 9% 28 o0 T 2 v 7 A o R SR AR KD SRS
N T a3 A G R WA AR G A Bl e A SR AL BT A, T B SRS I R 1 N SRS 7 S R A R, S A &
BN () SRS 5 S 45 K, S A Ky s LS DL SCHR[4).

o RME=ARThRETI R A, <, (s}
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o EN&="STRATEGY’, &4, SRISHIR, [Tk, [rhs2#dil], (SR %)

FESCRR[4]H0 556 s BTk B Ay 5% 0 6F SE Th e 75 SR IR i, s e T B Th 88 75 SRk Z 180 (1) 50 & 24 S sk 2 5 80k
THBE T SR 7= A v ST, SCHR[4145 T b 5 42 i 080 AR SC R0 SR mes 7 2 AR, SRR AE Th 6 75 SR LA AR AR 3 #T.

o IRBSJj%="SOLUTION’, W& Jj %4, KOs &Rk, [‘C, FEWReFHFRK i, 0, SHIBHL, <, LD

kK j, o, BRI A, )]

o AR e oK i <i<<m)FIAEDRET K j(1 </ <m) /& SKWE 5 Kb R m AN AE D RET K h AN, 2 IR
FroE XAEAETh Re 75 sk .

A EN Y (0 T R TR AR 7 S 0 8 S sl 40 4 3 o 00 U2 0 ) R AR T BB S 0 A Ak U A
Z2 I i SR EE B AR S S N AAE AR [R5 E b eT R R, bk B g L DRUE D H R 2, T EL
ANTRIR (A 3 AR 70 0 VR AR 38 Y B A8 AR AU IR R 3R %

BT R A SR EUR 25 A0 5% 8 A 2 e 5 SR8 S VP 2R 5 6 A TRMMUMT B 451 o il 75 oK 15 e s
TR DG ZR AN AN H I8 S B A A T R 5 SR T SR, B R B (O, SR s IR Th e R SR 2 T TR SR T e AR T b 58
FIE DG R A8 IR L 00 FE RT3 A P 1) SR A 5 90647 1) J R ) R Lk 00 1 21 4 352 — s R P 1 O Ji (M
HEFLOP JE AT b2 AR D RE T Sk Z M B vh 58 56 R TR0 M5 B0 T #8205 2 A8 T 58 75 5K 0 SR s 48 & 6 T k4R
A TR 7 T TR S, T S B 0 — 2 A P i, 4K B s I AR T e 55 SROBUAET, W) 25 Oy e 58 2 B (1 BE A A0 1) e 5
A T SR 1A 485 S A9 0, T AR R R TR T R AT S A A ) Bl A R 4 RO R T
RN AR DT 08 9050, 00 I i 384 0 22 /0 T o 23 1) 2 o AT R - ASUAA T 0 12 R 2 4 P 2 bt 24 F S AR 1) 7, 2 AR
SCOR T LA PR 01 i) R, B f BT v 5 1 5 S0HE B HH O S 40 SR S 0 A % IV A Ty B 7 SRS AR A 43 W, 4k HE S S
T —AAEThRET KM ik 53— AE D) A T K B AR nle 3 BUFE IR B A AR A

L BRATE S HOR 2255 2 v I AR B L R AR R RN £ P R VR AT AR T e 7 SR R AN 43
B, A et s o R AR B R SR SR A R A I L SRR T R A (R A A A L

3 HHIETHEEF RINER M 247

AE D B 5 >R [ o SEAS J5 i DR SR SR AT T AN R 8E e 51N R, AN SRAT S I o 58 10 S T A £ 5 B 58 EAR
ZAEUUT N T 3R TE AR DI RE 5 SR, 0 AUHAT SR, A 0 25U AT 2 2 ] s DL AAT SR, B U, P B AE o R 1K) AR
Ty fie 5 3K 2 18] P 5 AT O 2R A S A0 440 5 2 10 A 77 B T LLOKE SR 5 | R 1K) A E T B 75 K K8 T 55 e A1 2
O SRS (R AT A9 5 A DR SR N, 22 4 P R0 2 4 Adk BN ) T AR DA AIE SR AR p 2 3R, 22 A P s ¢
A VE 25 A DL SRS I, 2R e AL BRI (8] 45 55 5 3 AL BEF- 5 _E o 38ms; AR FEAR 22 A bt SR 11 4 B 2 105 Ay
SEE (R DAE SR, 2R 20 A B ) AR S A 4 28ms T 30ms. th 3 A2 30, DA UIE 55 s B2 T 2 4 P (R AR S22 04 2R i
O I TR), s 8 e AR 7 M) I 1) PR A i BRI 22 e 22 Wk o R S SRR BRI () 9 4 28 458 g 7 T R 9 182, 1T
B AL 22 A U T DASR vy 28 00 A T [ 452 T 28 06 0 I3k 158 224 9%, AN 2 BT A SRS 408 T LI e 0 =1 2 e 7 SR 11 2
S AL A Kt DR b T AT oHs SR 3 A K

o T LR BRI I SR A FRATD v 81 2 1K) P AN B TOAR B v SRS R IAIE SR X SRS (A

A DL ek S S W I B R 5 SR R R AR ol (8 P A R A B 0 A SR AR e 3 SR A £
&5 P 2 A 508 Al By RE 7 R KO0 26 2R Al D RE 5 K KR 2 2 A0 s AL S s AQ A A2 T 2 B s
F G R S i 5% 18 AR A, 491 T 484 0 5 P 22 i) SR T LA ey mI A8 eSO R e S A R o ) % P
[] A SR 7 BB A T IX S (1 R AACA T S0 M7, 7T LLAE ] Boehm ) COCOMO 11 A fili S 45
AT b 28 S PR BN AR HEAT AR A A .

o ISR AN AT R SR X SR SRS AN RE A o R L BT R R 1K) A 2l B i SR S A A B, 1 A T A
T3 1 SR T LA v KA T R0 I M DR AN W A8 A 0 75 SR A TGV DRAIE T O K Hh B 4 22 4 PR f
Ph TR T VR B TR T, S 4R Ty i B B B AR D RE R R Z R A AT LG AR E TG
IR TREE T VR DT R w0 ) AR D) RE R SR EAT B R0 T I AN AT R R A SR, L R 20 06 1 4
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TRESH.

70 b3 P 8 S rh AN T B S R B L A B0 VT A 45 T R SR S 2 UL T B AR SR T S AR AR A O Y SR
/] COCOMO 1 Jii A il SRR AR LA B0 1Ll A A 7B L FRATTAS RO 40 20 A, T 18 o 7T 38 sk mis v LAl I g
AAA HEWEBEAT 53 #T.

3.1 AIEERBERNIHN

O 2255 5 I AR 7= B v 75 57 B0 ) AN AR M AN A P B8 3 ] AR (W I 00 RS = B AR R L3RR T 3530 )
IR A 2 ) P B AR 00 R AR 2 2 B, T DA o 4 o AR A P 140 55 ) 0 R 8 AR DL K e 3R A I 7
TR A e R 1, BT B N1 57 B 0 R A B A 2 ] 5 P, T8 < ek 5 1 ) A R A 7 T R R 4 St
I0E A = o F b T T DASRAS 2 S0 [ P S D0 P A 7 B 28 LA RH A = i R TR e P R o, A mT B 57 3 )
JCAS I A S AR S I A5 A 2, A TT DA A ] 5 55 B0 07 1 AR 4 R B A AR 4L 3 0 7 A R B b o A
T PRI AR 24 R, T DA R B S AR 7 e SR R S R R R AR A P AR BR B IS L A PR R MR R O R
FER A AR e Rl 15460,

TEA S S AN A 2 T4 7 7= 5 AU 2 38 B i S AR T B 75 SR A 1, 3 AH > 1~ 35 3 ) R 8 A A e B
e, ) 25 AH G35 5% X 48 b 52 A Ty B 7 SRR 5 2 1R VT Ak 5 A4 AR A B AR 20 TR AR X T AR P B TP IR AR 2
TR DRIl 26 A 7 B A, A ST ) SR AR AN 2 vh 52 A I B T SR 2 IR T 0 B AR AR A 0% R, 24 8 0 ) 25 AH ¢
I AE D) RE TR SRR 56 LG, T AR B0 F 35 AH OG5 395 = BT AN DG 28 28R, o P38 v =l ) R 75 S 1) et
B i AN 20 o, T DAE — 25 0 31 e LA AR A 1 1T, AT I8 0 D7 VAT P 4l i

56,40 NRTF [WHT 3 SRR D8R, B AT SREL T 3 L B AR D) RE 75 K 1) SR s B A SR IS 4R & h IR I 3K
S 2 A B T B T R O 1 (R, S 40 SR B H T S A7 AR XA P JE S R i T K] W St 7 A v 5%
(7 3E Th 6 75 =R T TR, B SEHE AE CRAIE — AN AR Th 8 75 SR A5 0505 2 00 1R B A 5 — AN AR Th B8 75 SR AS R 2 a3 30
I3 AN BT L TR 2 T SR 75 BN X S A7 AE T I 1) SR AT 1k — 25 I A B , LA o QAo L A4 A 2% SR s
3.1.1 SREEARAY

W FAELE T B AW, I 0 J A% 5T b S e 77 TR 5% 6 SIZ i b ™ A Sl T e 75 SR 2 TR b 98, 75 BT SR g gE AT AR
M 73 A1 LIRS A T R 75 K 2 [R] AR BUAE . BRT bk, T T 1 5 58 SR AR A

EX 1GRBERM). —AHnE S RN C, 2K S FIRMEMAERET KES N LI—Jnmiy R &
4 CeeNxN, H v,

(1) NEXFEE S JIRMEM AT Re T KA, VneN &—NIEThRET kK;

(2) G/ NP SR RE T Sk Z M —J0 007 08 RINEE &, Co= {(fn) fn)) [nin;e Nang 5y v 583 36 f(n)

FEIE T S X AR RS T K n (9B R,V e e Cs, 22 C 11— MR AL

0 A AROUE 26 57 2% 1) A2 77 BT SRl 3 1 AN AR Bt BR] S W 1 7 A= 3 58 (19 FE T e 75 SR SR s AR 1) 22 22 il i
A2 1 R AE G R A& AN 2. LU 2 Jlos 6 ,ny B0 ng 43 ARG A R M S 777 AR e 5T 7 ZE LA 1) 3
Lfe e 3K, 2 5K0E S S, 70 ny BUE BN ai(fn)=a)IFTE ny X R BERAE R by(fna)=b1);7E ny BL ax(f{ny)=ay) i,
1 ny A by(flna)=by) MMLIEHE, 7=k T3R0S S AR 26, X MR 2 BRS8N s BIZ SRS S AT Cs S5
A e R R R T R AN B @, (1 <<i<sm) R by(1 <</ <m) ¥ & AR k4t (02 D] S S i i i /5 3R
ThRe TR K ny A ny 22 W) = B H TR B D6 R BT 6 R v LARER g 0 my Z DR B ARG R b 18] 2w O, 2R
B R @, W) gy S RE IR AR I By 15 BEZRALL, 2406) 1y FAAR 25K I a3 B g AT LUK B LE by TR H B3, B 1y
1y IR DARE A GV 8 K IR AR O 2R X AN 6 R A IR T AR Ty R 75 K Il AH B AR R AR A

T MGG S A £, T X SR E S e AR Th e TR SR AT B L o T AR Th e T SR M B T AR G
FEEZER AT R EEIEDRF R LR FHABN WL BRI E N EAEZER,N T e85 AN W) o 40 1) B
B F TR E S, T R R AT YA A B T B AT a0 T R R 1 o BN 3 g % AR TR R
FH 85 /-5 RS AK (min-max scaling) /7 VEHEAT 2040 K0 A0 A0 B VS AL R 2 gl N BT .

x'=g(x)=1+(x—Xmin) (M—=1)/(Xmax—Xmin) 1
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LA e 2 SRS S K AR D RE T K AE AN [R] SRS T 581 1A PEE B B (x=Am)) xRS I 0 Bt m i SR T SR 4
S i 72 RIS S W (1411 LD E 7 SR A AN 7] SR 5 58 B S B AR 19 B /M e A2 BRI

LAAAIE HEME S 1), AR HEE AT A 138 5 22 A P (B 3 BUN TRIPERE R B LA 2 i 0 & i ZEMAEA 3 FlAS
[ A IE SRS 75 58 T X I () 2R G 8 5 22 A ) B AR R 10, I L 3 s B A B s 1) AN TR RAIE 7 S8 1) 22 4
P AR R GEE AL T 3 A UE T G RERD IR A PHACHRE 5 oK S kX P SR (2 AR AT AN [ ) 144, DR ke
IRUEAT HH F T A b PR B R A Ak BR A T AUE T 58 4 R 00 5 B G SR 2 ) PR AR A 9% 2 AT AR & AR
W o e(1<<i<<m,m J&SKW&JT GEH0R), N IT A AN 1T co(1<<ism)IEZe 2 J A B T A UE S AR k.

AR IUE SR P I IE DT A 14« M4, 3 By 5,38 v] LUA AR PR DGIE 7 58, i ZE Rk
WAETT 5 AT A2y R S0ANE S IR IAAIE . W BE DA U 5% A0 BEIAAIE J7 5848 7T DA HEAS 7] 5595 20 26, T GIE 7 56
() 2L 3% AT DU PR ) DU 22 B B 2 AN TR i AR AR L AT AT DAy A s SR A A £

n RYHE
(KB/s)
Cs1
b, 1\
by i .
52 ME oy
| S |
'053
by ® <
TN I &
H= %4 waetk
a @ as as n W (bit)
Fig.2 Trade-Off cost of strategies Fig.3 An trade-off cost example of authentication strategy
B2 s iU A B3 ARSI B AL AT < B

312 mARBUE A PR
Hi1& 3 AR e FRATTRT LUt G SR BT 5 S50 10 2 e A A 2 A7 4 2R 9l 5 T SR S ORAIE R 5
A 5 AR 1 o 7 ) DO A A A R 38 A v 2 4 T ) DAIE 7 8 B3 8 R 20 A O 38 95 2 1) i A0 S s A RN it 75 2
Xof SR s AR A Tt 249 SR A e DA R 2 B o R 2 R e S A R B /NP A 7 R G I 24 R R T
AT A AL ™ P T I R AR, FRATIE T R PR A QA e I, 88 3o 384 0 ) 2 AH OG5 ) D g it SR it A
G2 RN HE 2 249 ot PT LA AR B0 5 AH O 3 5 1% S DU AL A AR AR
W 4 JiR e SR AR FRATTHE I Py > 29 SRS
o —ANEFIZEAM I X AR BT RIS LR IN/IN(I <i<m,| <j<m). ML F LR 25 AR S # 0HE2h
R 75 SR D056 20 I PPl B0 AL, A 5T S e 7 ) 2 A G385 0 el 5 RV Al L e 7 S 2 ) AR AL At 1 ] 4
JIT 7R BN PPAL EEAEL TN /IN, 2675 RO SR, M) i A DG 2 i SR I AR D RE 5 3Ry ARG SR 1
DHRETT K s R R I VEAL BUAR INY/IN, 2 2 AH G 5 B (R AR D e 5 3K g FIAR R AIG (¥ 4
DT 3K ny 28R, 0 SRR 1, 003 BRI 2 AH O 2 DA R P AS A Dy i 5 5K ) 45 T 2L
o ARG A 5 R AR e T SR B BB ARIE R A R Nein(1 << <<m) Rl B i B 2 24 IR
Nimax(1<0m) FE 2 WO R 5 AH 2 158 A A L 8 75 5K 100 5 AR e et 225K XA 225kl id NRTF o
B ARy BB T SRODR S UE H S0 S I B s A FAORE 415 A 1 TF 406 SR V5 T R 25 AH OG5 Bk L RS b SRR
i JEHE (benchmark) . AL B, B LI ROAR 530 3 2 23 AP0 G SR TF RS A 441K TRW Y
BURF T R AS BRI RO RGERI R BN 45 L 90% 501 1l 725 11 22 8 Wi 7 i 1), 3K 2 68 B 1)V g 1) e 11
B2 201X AN 29 AUt 2 3 s 2 3 A AR A UE AR S 4 .
RS LM R 7 VR 1) SRR X T S0 S BT 5 W A DO RE i 5Ky By, W S (RARAN R AR Co, RTEAL S5 AN
N Cs,Cs ={(g(f (), g(f (n))N} X T V(a,b) € Cg 245 S AEAR T BETT 3K ny HUEE TLAE I RGNy a I, AR Zh RE T
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R n; BERNEALAE Sy bIN; B IN; 43 50 2 ) 2 A1 G X AR S BE 55K my Ay B S8 2 A Nimin BT N 7390042
n; [ 5 /N 5 K 2 240 S TRIRE N i B N 205000y 190 /N i K 482 240 R A0 A 5 1 b i 00 24 5
R s,

o Hrea%k
OP= 3| IN,-a~ IN, -b|(¥(a,b) e Cy) b ML (i @)
i,j=1
agNi-max H a 2]\[i—min (3)
o nHBAK
bg]vj-max E— sz\[/—min (4)
o ARTZIK
a,b = 0(V(a,b) e C}) (5)

BT g 1y I HE LR LR LA AR S 2 240 3R, H A R B5CBOR/INMEL 19 (a,b) BRI DAL T RO AT e 5.

TR 20 A TRATT AT LAAS 2 i DU SRS 7 S AR AT B X, A1 4 f BH S I 1 I B T 2 A O
RE 75 K D18 5t 2 249 A, S FR) i DU AS A XA 2 il A2 2 240 TR FK) T D3l A AR 4 55 D0 2 0 4 SRk PR A i el
P SE R L R T AR 5 LU 4 BT BN AEXS AR DD RE TG oKy P S5 ot 2 2 20 54, B SRS 1) A AT
PRHER ny BTN T Nymaxi T Npemmin 7 XF AE TN BE T 3K 1y 10 55 AR FE L 20 SR, [T, SHEME O AX A R SEEESR my A ZHUK
T Noamin: IS0, AL U2 SR (1) SRS T 6 AR AE BT 5 DR A RIS DAL, BT 00 T e T AL SR ER 2T DRI,
1 SR 25 4 52 o Al T B T SR IR VRS B0 LUARLZ (INVIND) LI 4 e A el AR S 0 R (KRN 25, IR ey 2
FELIR(INVIN), T B UL AR Y. L5 S, 4 A 2 AH 5G3 BI I SE AT ARZ (INV/INS ), W segs RS AT A
{E, 24 M) 28 AR S TR PP AL A8 BLARL A (INVIN) 3 I e 0 B BRI A 2 20 20 SR AR s (ER IS AR AR DD RE 75
SRy R ny 055 2 240 I AN RE A 8000 A, PR I 0 S 2 i 7 T AR B oy 10 i v 240 ROHE R 9 R B0y PR R AR
B2 29 A U RANE B UHR c5 A AL AT A A7

(IN\/IN),
/

ny

‘/‘/ (]NI/INZ)Z

(IN\/IN-)3

/
= /’
Nomin |/
7

m
Nl-max

Fig.4 Optimal trade-off cost
K4 RIS

AE S B I H AR 98 53 S i A 22 A b 5 (1 A T e 1 SR 2 1) EAT BT, MBI 4 3 2 2% SR A QA 2 K5
M 8 AT 9% D8 5 4 240 ORI A By BE 75 SR 1A 3k 2 249 AU DN 21 2 2% S ACH 8 b, 7 — > doe DL SR AL A7 X 1) o 3k
FAR AR . CLIE 5 B o ], 181 5 1) B P2 SR S A8 o SR AR DI RE 3 5K ny A1 my Z IR IO AR 26, T 1
Sl S AP SN ARDIRET K ny A ns Z TR AR A A 2, 24 0 FH R 3 AR OG5 118 21 20 240 SRORI AR D e i SR B 2 40 3R
Ja A 2 5 A0 R R EAZ s Z [T I IR G X SRR IR AE 3 AN AR DI RE R K 22 18 ) e AU X ) AR A o
o M ez AE BEIX 8] A 38 H A pR O MU, 7T LUK A E AT I s LA

© PEBEBPHIFST  hip:/www, jos. org. cn



Wk AT RN 1259

IN,/IN,
ny

| INVINs
y P
/ 2 P
Noomin | // Cs3 "//
7
/
/

\s

Csa

n
Nl-max !
- INV/IN,
o
@ IN/IN;
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Fig.5 Trade-Off cost of strategies with multi-factors
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Fig.8 Tool for trade-off cost analysis of non-functional requirements
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Table 3 Evaluation data changes for non-functional requirements

R 3 ARhRET RV A2 b

IE 2 & 7% K JEASRNHE P BRURIHE T

na: P 0.815 40.085
ne: ] 44 M 0.834 0.915T
ngp: P A 0.408 0.898T
ne: AT F P 0.469 40.173
ney: PTAE CE 0.408 0.915T
nes: A 4 JEE 0.746 40.200
gy A M i 0.531 0.746T
nop: A A7 0.684 0.8987
nyo: ] B A 0.200 0.6847

Forp AR TE S W) AT AT R A T SR B, Dt DA A Y R I RS 53 A DA O A B AT W 1)
I EEFR RS R AEIX 3 AT RS e e TR e ARIPERE . AT AR A PR A
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Table 4 Statuses of nodes
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Table 5 Adding access interface strategy
RS IS R SR

M HBUBR A root, Vi 1] 26 L 2 authenticated AN 1~4, 1 1~2 5/3
R A5 1) 2878 34 authenticated AL 2~8,H [ 1~4 3/3

i PR SSL, 1 i) 28 % 4 remote unauthenticated 1 1/1
PR A socket, Vi 1] 25 1) local authenticated 1 1/4

Kol FER A A, Vi 1) ZELA root 3~12 1/5
" SR g A%, V7 10 2R B )y authenticated 1 1/3

R0 o 8 ) B2, 38 0 Uy Tk 4 1 SRS AT Lo 4 AN W]l v 3 1 R, LK 6.
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Table 6 Four selections of adding access interface strategy
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Fig.9 Trade-Off cost of adding access interface strategy
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Table 7 Time performance of Hash algorithms
RT WA EIERN R ERE
WA NE(KB/s)  MTEAL  #Abin Bl

MD5 412 5 <64 1

SHA1 293 2.63 <80 1.4
SHA256 224 1.26 128 2.6
SHA384 219 1.16 192 4.2
SHAS12 211 1 224 S
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Fig.10 Trade-Off cost of authentication strategy
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