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Abstract: For the optimal selecting problem of risk response actions in software project risk planning stage, an interval
model is proposed, which selects the satisfactory combination of risk response actions according to the minimum of risk
response cost and risk level, combined with decisionmaker’s risk preference, from the whole project perspective. Due to gain
the exact value of risk probability and risk loss with very difficulty, the model denotes the parameters by interval numbers.

Then, an iterative algorithm based on the definition of interval distance and the method of interval numbers ranking is given

to solve the model. A case analysis shows the effectiveness and the maneuverability of the model and the algorithm.

Key words:

level; interval number distance

.

1 51 &

FEFRAFAT M, I H 3 P2 S 300 SO 5 AN
REWE AL ] 7oK, B Jm S 8 H R L A0 %
b, FCrp A R R e MR B PRI, R XU
G| NBAETT RO AR R b 0. AT I RS
P A AE DR VRO« RS DA « XS 6 1 S R X
e 720 XSG 20 ) e XU TR ) A IRz 1
(SEPEEE SSEEY 532 R RPN R E S ds At R NS EE N (]
R PR R A XIS X 4 Tt it DX X4 it
T E AR, 10T H 23 32 2 BT 5% ST (]
SEZIIR, PRI R RS S R e 2T H A
FE, I IR A 10 71 TR JSE T XL I %o it ) 52 It

Yis BER:
HEEWA:
TEZ BN

2010-01-05; f&[] HH#A: 2010-04-28.
E %K A AT #IELT0H (60572170).

FAE IR TR T TR

software project risk management; optimal selecting of risk response actions; risk response cost; risk

JRAHIE N, 3 G 235 H A A 23 A1 AT B
DRI X S 30 5 A 0 2 70 DRz I X i 1 A
B, foe 20 52 1 R 1) ARG I o 45 Jt 2L . 3o ke, 3C
Wk (4] A d5c KA AR BERIE 98 1 A XU S o Jal By
B, iy HIEads GRS W6 $5 e, 4 T AR A
5 IRV A 30T H IR S Ak SR s (LIRS 7. (HZ AR TR v
R B 3 AR 6 453 2K 55 2 IS 2 P B R RS
TSR RE R, o A H AN E PR AT 28 DL
e NI S AE RO, In L AH DG D st H Hedis (hrke =,
S R AT 21 8 BAE I3 A1, AR LU X
it ZHL B [ b A L TR K 45 2K 2 A /M D H AR,
R LABE TR DA R SRR R O AR, AN RE S IR X
I B 1 A H AR AN P S i

BMFRI(1977—), Ze(B%), YR, W42, NHE RS TRMIT; 25r8(1956—), &, Bz, it S 0M, A



4

M F 5 BB R R AT kAR 6 R 1A AR R K Ak 531

B2 T BRI, A SCAESCHR [4-7) O 2EA L, 2545
R ER 18, FH DX [R50 7 XU 2R A HE 25 AR DR 437 2K 46
SR, L5AG 5 LR S N R AR I H RS K, T 46
B 1R DRSS Al e, R S R A I XSS I it Tt
TE ) 22 H bR DX AR, R4t DX T 501 R 2 0 5 X (1)
HHE R, 25 BRI — s AR AR . A,
T SEBR I H ) S0 Tl T OnE A B S
AT ERAEVE.

2 WIREE S N SR

AU S Tl AT H A 93 45 46 S SE Al ).
T H A 53 i 25 K 200 H 2R D3 A S e R
B 5 R 3K 23 A Ul B 5, DART A4S R A 5 1), K o
H o il — 2R 5 B SR e 2= 8. RS B/ NG 6]
JCER AR REAT RUBS PR A RS VA, RS bR RS T
FTRE IR RS 1, AR e A A K L AT e e
LB A R (R B3 T RE ). XU A oef ol A ok
RS 23 #7485 SR A i, AR g L0t H B s N XA,
N ARG IR 86 E 23 R sk 2> PR 437 2K 01, B R AR R R 1)
AU A 25 HE 22 T RS 8 6 5 it At B ) A 0 6 4
it ) Sl A (FH B T BE ), 43 B I e ST Tl A T Y
O 5 Tt 0T T T s P S5 . S it A O S ) it it 2 55 1
—ANERE AN R A RS B (U 2% 55 UG 4 2
FeRR). DR Ay A7 6 50 it it 7 9 2 o — PSS =42 g R
Iy IS, 2 8 K At XU I =1 1 XU 5, T DA< th
XIS IS5 i it 1) SE Ttk R A 55 JHE gk 2 1) XS B 22 T A
FEAET VKT EUNT I OC R, H 2 S 0] 4 it 25
T RS BRI . i XURS LT Rl LI H
A 2R T B2 1R AR 7K Sy 32 AR, T H 22 HiA
Ko fie o€ 1 I H BB RE A2 22 KI5 H RS, (7]
W HRsE T 30 H 2O 1250 H XURS: 6] i it 1 176 4.
H 12350 XU fie A 45 100 H A 2 5 K 2 KRS 0 B
e 7 T H 4B AT IR BRI R 0 4 he ) 4B RS0
R DLIX — A3 A H Ok AL, AT H SR 18, SEBH
JRTHE /D (R IR I 0 R AS 4 300 H R AL 21 330 H 41
AT 52 1R KBS 7K
3 BAEST

WA H TAE RS T R E R {wlw = 1,2,
c W RBEEE R {rr = 1,2, -, RY. B AS
A A E— 1 XU Y, T RS RS Y RT DL AR 2 A
PN g P e Sl V21 A A W MR I R
1S IR 6z Y AT A7 S DX 9. PN S XL 90 A i i H A
I RE R TG ER AR, T H A BA R LR IR A X
B s 5 1 H A1 BN LAAR R PR 22, R IR L 2255 ER
Bi S5 A2 I H A A2 T DR 2= A SCA ST 18 P X
B, I A AR AR {s]s = 1,2,--- , S} (W]

s = w).

JE XTI P = (prs)rxs, JCH Drs =
(o, By F705 R U5 5 5 BRI 300 - 22 1
Ky KUK FE N M = (M) Rxws JGER My =
(172 M), 278 RV A 7 05 I H TAE 2 T 3R w
T8 R XU 453 2K (HI B T L), UB 4 R A P R e T
IR A 08 1 H E‘JX?‘F}Q%HF@. & XN G =

P'M = (gsw)SXW = Z(psrmrw)SXW’ f[}% 9sw %Zﬁ

r=1
PGS s oF T AT 23 il 76 3% w 38 B XU B, EoR
S AT AT IS I o it e A 28, I A% KRS B

R

PRE, = i i Gow = i i (D warmen)). )

s=1 w=1 s=1w=1 =1
T H RS 7B 5, AU N D3 & RS, 9 o)
FEAE {ala = 1,2,---, A}, [F) I A 550 S5 it A 200 XU G
X 48 it 75 AL B TR AR Cly WA RIS N 0) 415 it 1)
S A B C = {c1,c0, - ,eal. B X = {x1, 29,
cxey Hay € {0,136 = 1,2, -+, a) IHE ML FE M)
iz, = 1IN, RoRIERE R N XSt a; 2, = 0], 38
TRANIERE. T2 v 43 IR IS T 4 it 2L 45 1) S it Bl AR
A

RAC(X) = caq = CX.. 2)
a=1

v € Sy UG I of 415 it PR SIS Tt B ARAT 1) 55, e by B

H )
0 Uy 7 S R I X6F 5 i 0 i X IR E 256
W P rh G 3% pys [0 56 R ML, DU SISt BT A X I B 4%
Jit J5 0 TCER prs BISE W 0] R vy = {ps1, Ups2, - -
VpsA Y3 Upwa A ST RV 6T 485 7l o Jig 5o XU 463 2K

B M T TG ER g, (R SEMAE, T ST BT A7 XS 0]
%Exd-ﬁ%mrw E‘J/%Z ur”] W %j"j urw - {urwlavrw%
o 7urwA}' é'\
A
Xv,s = H UrsaZa,
a=1,x,#0

AR Sl ARG IS it 2 1 PR DR R S . i
RS M 5 B P )2 e Sk

A
f(prs, Xvrs) = min (laprs< 11 vrsaxa))»

a=1,2,#0
SEE it PRI IS0 5 il A JS TR RS MR R R Fp (X))

= (f(pr57ers))R><S = (frs)RxS- /?\
A

| I urwaxav

a=1,x,#0
BN STl RS I i i 4 1 R A
DA 2R RE R M TR 520 B 250K

A
h(mrwa Xurw) = My ( H urwaxa) 5
a=1,x,7#0

O i it PR 8 o 3 e 2 S e TR R I 5 K R B

Xurw -

SR id



532

S %26 %

HM(X) = (h(mTIWXuTw))RXW = (hrw)RxW- ﬂ?%

SIS AL 2 50 F XU Bt
s W

PRE(X) = > Y (Fp(X)' Hu(X)) =

3)

5T STl PR ISR il 445 0 PR R I %
WA TRC(X) = RAC(X) + PRE(X). & SUSEZ i X
e S 0] 48 i 41 5 1 AU %604 RL(X) = PRE(X)/
RAC(X). MBS W] DL S BeseAN T H (¥ KBS K. 2%
B2 R IR E A 6 AR U 26, @ r i~ 2 H bR
PALAEY:
Min{

s.t. Xy € {0,1}, Vi € A. 4)
Horr: Py Py RORINSEER, Py > Po. BTN
R T RIS I K Bl A A X6 238 2 /N A HE P 116 IR
TS F 8 it . 4% XU, I ) it Tt 2 I, T A A B
R A, LA RL K345 BUE b 4.

Py[RL(X)];

4 KRS
EX1E Fra =[g,a = {zrla<z<aqz € R}

A AXHE. Ea = [a,a], b= [b,b], WX HEA L
ISR

Da+b=[aa]+[bb =[a+ba+b
3) ha = [Aa, Aa], A > 0;
[\@, Aa], A < 0.
EX 200 EHX W a = [a,a), b= [b,b], E X

d*(a,b) =

[IC e RN

(Q_zFa - %)2 + %[(ﬁ—g) —(b— b))%
(o, b) = \/d(a,b) S a 15 b 2 B,

N T H DS TE) ESHE RO B AT AN X )
a1y, an. HEHE— N H ARSI Max 885/

H #54 Min, R
Max = sup ( O S(ai)>, Min = inf ( Lnj S(ai)),
i=1 i=1
b S(aq) 2 X 1A H a; I SCEE. AR JE AR E L2 45
e ek £
D*(a, M) = (
Horpr M2 Max 8% Min.

A Dyax(a) = /D?(a, Max) 2 Dyiin(a) =
v/ D?(a, Min), DX T8 B HE 5 B0 02 2 Dyax(ai) <

a 1
ata E(E—Q)Q,

2
-M) +

Duax(aj), Wa; > aj; 47 Dyvax(ai) = Duaax(aj), W
a; = aj; 47 Dyvax(ai) > Daax(aj), Wa; < aj. 2H
Digin (a) B, 15 BUIEUFAH .

MR B b ok 2 (@) HE 7 KRS N6 5 e, 75 2E AT
A — TUIEAR, B UCE AR T 42 A L 45 it 22 HR XU
X} AR AR IR 6 /N (R 4 it L AR SEIRD B

1) RIEFEATAT Nt , 715 PRE,.

2) X F AR AL RE A, LL P M A HEA, 23 )
TSR BRI S i )5 16 Fp(X), Hy(X), TRC(X) A
RL(X); #A8 5 R4t X [a) B Hl e 0k t TRC(X) dge/b
()48 . 5 A7 75 TRC AH &5 1) 22 AN 56 i, D) A o 3E
RL &/NMAE i, 34 P = Fp(X), M = Hy (X).

3) FURT R % A 8 A A 5 b . A R, W
W), B, A 2).

4) TFELEE W, BT B $% TRC A RL fi2 /)
ARHE P 1R PR R ) 5 it £
5 %4

DA 3 117 2 AR RS 2R eI H A 9], b BA AR 1)
. AT H TAE S M ss iR 1 s, Kk
NG RT3 1 AT IR 23 B, 45 %00 H T BB A7 AE
(107 DRSS <A1 4R s 5 R SUAS B (re), JF R T H A,
ANEIE (ro), BORBRAFAE R FE (ry), BEPHE 1 ¥t
ANEBE (ry), B S50 8 AT (r5), B 54T

#1 EERBRHEARFZILIESREN
TAESMARTCHR A H TAES R CH Sk
1.0 AR R 5 13 i
1.1 fipav e 1.3.1 T RERLE G D
1.1.1 S NUERR iy 132 ML 11 4wt
1.1.2 Wi 1.3.3 N Gt 5
12 VEAN e 1.4 £ 557
1.2.1 Dy REBA T 15 pIURZS
122 BP0 ¥ 1.6 217 54
12.3 N BT 1.6.1 PRI
1.6.2 iz
#z2 DBIESMTRRE
MRS EHREZEGRER
MG TAEMRT R AR RS R AR
r 1.1 0.28,0.32
ro 1.11 0.03, 0.07
rs 12 0.08,0.12
rs 122 0.28,0.32
rs 12.3 0.17,0.23
re 12.3 0.28,0.32
re 13 0.08,0.12
rg 13.1 0.28,0.32
ro 132 0.12,0.18
10 1.3.3 0.17,0.23
r11 1.4 0.17,0.23
ria 1.6.1 0.17,0.23




5 4 1] B A S AR B R Bt 1A ARk 0 X B AR B Bk 533

SUKE I (r6), AUBSAT HRAR R (r7), KREETT RN B T A RS K A, XS B B /N 2 4 S Mt
K (rg), N Z 2256 (ro), S H M BLIZHRAS IR (r10),  IOUXURS MR BT P AT M3 RS [¥ 52 0, 138 5 o,
Jo 8 I AE BB AS 5 4 (raa), 35 ISP AS B A2 23K

(r12). Fz5 KRS HEXT MR P A0 M B9S2
DR AT (149 IR ARE 2 1 I P R RS 483 2 R B M RERAHEIE WA TR E KRS B
e 2 FER 3 . K 3 A T ko, 1 P 11 - 0.9
07 3 PTG, B0 IR SR ST, SR /N AL H X ; by noe
N Y , Y 2V — — e T4 N
Bﬁ@ﬁfﬁﬁ@&;@ﬁ@)&j—‘ ($'le‘j EE)’ ﬁnié 4 F)TZR 1 P 123 rs 0.8
N P 1.2.3 0.7
x3 REEM4LERAEMTE - i "o 08
— N N o 3. T .
THENBTRIERBIRE P el 1o 0s
.0. T12 .
K TSRS ARk M 13 o 0.4
r1 1.0 95, 105 P 1.1 1 0.2
12 18,22 P 1.1.1 o 0.8
. 13 47, 53 2 P 12 r3 1.5
1.6.2 47,53 P 121 T4 0.2
P 1.2.3 5 0.4
1.3 28,32 P 123 T6 0.6
T3 1.4 18,22
1.6 18,22 3 P '3 " 02
P 133 T10 0.2
1.4 14
T4 6. P 12 rs 2.0
1.5 3,7
P 1.2.1 T4 0.6
rs 1.4 18,22 4 P 1.2.3 5 0.7
1.5 18, 22 P 1.2.3 6 0.9
re 1.0 195’ 205 P 1.3.3 T10 0.8
16 28.32 M 1.3.2 T9 0.67
- 1.0 45’ 53 P 1.2 73 1.3
15 28.32 5 P 123 T5 0.5
P 123 T6 0.6
rs 1.3 38, 42
6 P 1.1 1 0.9
) 1.3.2 28,32 P 123 re 0.3
o L4 28,32 7 P 1.2.3 6 0.2
1.6.2 3,7
P 13 (i Ol
r11 1.6.2 32,38 P 133 r10 0.2
s 161 3.7 8 M 1.0 7 0.4
162 6, 14 M 1.4 710 0.0
M 162 11 043
R4 NN EEERELERAGEE P 13 rr 1.1
7 TR L 45 St A 9 P 131 T8 038
P 133 T10 1.1
1 D AR B AR 375
2 VT B ) 6.25 10 P 14 710 0.1
3 SHI 4B B S 1 10 P 111 02
4 BB BUS ARG B 2.5 11 P 1.2 s 1.5
5 XV E REREAT R 2 P 1.3 re 0.7
6 T PR A A T S vk 2.5 P 133 10 0.7
7 T St 5 e B T 5
8 KT ) R G R AT A 2 5 P 13 ” 03
9 I BN R 75 12 P 13.3 710 03
10 PEATKY 25 MR BT S0y 125 M 15 ” 0.0
11 GEHBA R SEN IR TRARTFRER 12 M 14 710 0.0
12 AR R B 1K A A 1 G B A A T I 0.5 13 P 1.6.1 r12 0.3
13 Rr B B L Gt F P 247 5591 2.5
14 Gkt TR e 1.25 14 M 1.62 T2 04




534 =

* e 26 &

5 THE 1A PR ITE pr o KIEEWIAE Y 0.9, 52
a1 )5, P AHRAE R (0.28,0.32) x 0.9 = (0.252,
0.288); F8 it 1 %5 M T IG5 ma o HIEMAE Y 0.4, SEii

Ft 1 )5, M OTPAERNAE R (47,53) x 0.4 = (18.8,22.2).

HRAE SC 25 H 1R R A 0%, T Maddb 2EAT 4 FE 453
Ay 25 Rtk 6 fron. T H ¥ 4R KK 5 PRE,
[138.49, 196.09)], {£ B S it X E& B X6} 45 JtE (RAC) B,
RAC, = 0, 1 H #J4A KBS B X A TRCy = [138.49,
196.09]. R4 6 25 L 0] LLor# i, WIFF iR RAC
if, PRE, TRC #1RL {1 T P 0 55 LU BB 2. B A
RAC #§ % 20.5 Bz, TRC 14 56 H L LT, i
PRE FIl RL A/ 4b TR B A, 1 3 1 XU WY X 4 e 1Y)
SE it AR K g (1 KU e, (H AN 00 H RS 7K
SEATAL TR B S RS20 N RAC 3 46.25 FLA7 I,
PRE fll RL JF 4 E7F, H TRC {8 LTk %, 1 W
IR IS I8 56 43 it AN FL A 9k BAR, T HL [ B 184 o 2 A T
E 1 ARG o5, A0 H R K BT 2 #r s R i,
PRE, TRC F1 RL [ T B2 (a2 A BR 1), HF Fridis
AN ). AT AL SEE e RS I XoF 45 it S A A2 ik 22 B, Ll
N 1y B 2% R 325 8 W R it 2 G R AN 8 4 18T, T Y
EREE N E Y IPSES

Fz 6 MR XHEEHIFSIFR
RS I8 6 4 i PRE RAC TRC RL
7 88.54,13542 5  93.54,14042 17.71,27.08
2 60.48,99.17 1125 71.73,11042  5.38,8.81
8 46.58,75.98 1625 62.83,92.23  2.87,4.68
6 40.81,68.93 1875 59.56,87.68  2.18,3.68
10 38.70,65.55 200  58.70,85.55  1.94,3.28
12 3830,64.76 205  58.80,8526  1.87,3.16
14 37.65,62.92 2175 59.40,84.67  1.73,2.89
13 36.97,60.97 2425 61.22,8523 152,251
5 36.39,60.59 2625 62.64,86.84  1.39,2.31
9 3427,57.92 3375 68.02,91.67  1.02,1.72
3 3420,57.77 4375 77.95,101.52  0.78,1.32
4 41.80,71.51 4625 88.05,117.76  0.90, 1.55
11 48.86,82.18 58.25 107.11,14043  0.84, 1.41
1 61.48,104.95 9575 157.23,200.70  0.64,1.10

vk e Ay S AR L 40 AN 807 1 2 B T H
RIS 7K - B 4 (1, 2], WUIAR 5 3 6, 7 3k 48 1R XU Y. %o
HHiZH G R 7,2, 8, 6, 10, 12, 14,13, 5, 9.
6 4

FERAT T H RS FRAT Y, RS BN 03 i T AR
Pt PRI 23 A 4 S, o — AN e 1R XU R I, AN
A REA 5 5 B It H AT A5 24 RS A B % 4, 8 s Tt
I A BASE6T XURS: B8 ), 17 L2 06 5 23100 H 1k
JBr. i, ARSI IR o) AR AR R e /MK, 27
G2 TR AR 4, HEJ T A I RS X fi
LR 2 HARX AR, 2 18 3152 R 72 Hh 4
PRI H AN E P, A5 2R SR DX 1) 0k 2 7 RS 1 22

AT RIS 453 2K 58 Mk LASRASAR B ) 24, A AR B 1L A
S APEAT AT B R, S 3 2 W, A 2 A 1l 5 I
o X T el S B % < T BRI T AT R AL
b LA

2% 3Lk (References)
[1]

Boehm B W. Software risk management: Principles and
practices[J]. IEEE Software, 1991, 8(1): 32-41.
WAL, BRoeul, VETS. PRI H R BERLE 5 JvA DT
FEFRLT]. 1 5 e, 2007, 22(5): 481-486.
(Pan C G, Chen Y W, Wang H. Overview of the

(2]

study on theories and methods of software project risk

management[J]. Control and Decision, 2007, 22(5): 481-

486.)
(31 Ifgute. BT H & B2 M. dbat: B R, 2007
208-209.

(Qiu W H. Modern project management[M]. Beijing:
Science Press, 2007: 208-209.)

ARG, MR, T CMMI IR R A I H RS 22 fif S s
PRI FE[I]. THEHLRLE, 2007, 34(4): 279-281.
(Pan C G, Chen Y W. Research on the optimization model
of risk reduction actions in the CMMI-based SPRM[J].
Computer Science, 2007, 34(4): 279-281.)

WA, BAFITH RS i R BT S [D]. K
U [FBT R AR ARG S  PLAE B, 2006.

(Pan C G. Research on the models of risk planning

(4]

(5]

and process control of software project[D]. Changsha:
College of Information System and Management, National
University of Defense Technology, 2006.)
[6] Ben-David I, Raz T. An integrated approach for risk
response development in project planning[J]. J of the
Operational Research Society, 2001, 52(1): 14-25.
Ben-David I, Rabinowitz G, Raz T. Economic optimization
of project risk management efforts{fEB/OL]. (2002-09).
http : // www.fisher.osu.edu/fin/faculty/Ben-David/articles/
BDRR2002.
SR, X = BH, A8 SO DX T B2k R ) — b
). ARG TR L S, 2005, 25(2): 101-106.
(Shi J R, Liu S Y, Xiong W T. A new solution for interval

(7]

(8]

number liner programming[J].
Theory & Practice, 2005, 25(2): 101-106.)

PTG, RO B R GEIML B B AR
#t, 2005.

(Cao B Y. Application fuzzy mathematics and systems[M].

Systems Engineering-

(9]

Beijing: Science Press, 2005.)
RS T S I L RO B R P [0]. Ll AR S 24
HL2ERR, 2004, 39(2): 30-36.

(Liu H W. Ranking fuzzy numbers based on a distance

(10]

measure[J]. J of Shandong University: Natural Science,

2004, 39(2): 30-36.)



