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Abstract

The continuing improvement of software quality is extremely important for
software developments. Measures are the fault detectors that let us know when our
projects and processes encounter problems. Further, measures can give us an
objective indication whether an improvement actions working or not. To accomplish
quality in software processes and products, it is required to develop systematic
measurement programs, congenial with the organizational purpose and property and
tailored to the quality aspects that are being advised.

The Goal-Question-Metric (GQM) approach was proposed by Victor Basili et. al..
The main purpose of the GQM is to guide the definition and development of a
goal-driven measurement program.

Although the GQM seems to be simple to apply, it involves a sequence of well
defined, relative stages, phases and activities that are not easy to understand and apply
for non-expert. In this paper, we proposed a Fuzzy GQM Based Software
Measurement System. This system applies fuzzy Petri net to represent the fuzzy
GQM relation. Exploiting such mechanism, our system can dynamically provide goal
list, question list and metric list for users depend on specific project features. Users
only need to choose from options of goals and questions, a list of metrics will be
recommended by the decision support system. Moreover, this system enables to
capture experiences in the knowledge base so that such experiences could be reused in
other projects. The Fuzzy Petri-Net is adopted for the analysis the relationship
between goal, question, and metric in this system.

Keywords: software measurement, Metrics, GQM, Fuzzy Petri net
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2 7] Goal *7¢ & 2 ehf 4L > Bofd & Metrics » R & 41k EH PR ke
FRE > Z4I* REF I %% kv § Questions > § #77 7 Questions ¥A% iZ i+
i » Goal » fihéa\”i o

% 1 5- % GQM Aftg ik R4k > B9 > PR G Tecd mJ2ig

B it S pEariE N P PR 4«g~gﬁﬁm£};ﬁJ AwlpEA S BRRE o A Y

I—E];_"‘Ei%/i PR G AT SR R RS S0 ) U Z Fegid 18 e F 4o

fﬂ

7 FELAHET-BREAD cH? CRIEENL PRGBS 0 JEL
AR T g NP st L 4 20w BRNA o B oeh(purpose) ~ &AL (Issue) ~ ¥t
% (Object) ~ pLEE(Viewpoint) o #-p izt a8 4 it 85 7 & § et 347 2

*PEEARER 0 MR ERT Rk R 2 AR B R o

2% 1~- B GQM TR £ #8312 &+

Goal Purpose LCharacterization

[ssue he product quality

Object (process)  |of specific method

[Viewpoint from the project manager's viewpoint

Question Were the readability properties of the product any different?
Metric Amount of comments

Question Was the control complexity any different?

Metric Measure the complexity
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GQM tZHm b mf i R ZREA R - H - Haox SR ERE1 17 7
W0 GQM “fs* F vy aFF SR 0 d 2 GQM R - fad e e £
ek R R g% K AF A GQM P h - h R R E PR T REE
Flm o L BEIET Radim R E RN E R 4150 - Fl¥ 0 5 7 5 R GQM
AT R R A BT - Bt GQM KGR B ARG kA b ks
PO AR 2P PR S GQM I A A#H - B RS
EERLAIEREIR-RIFHEMERELHEFEE  RERPAR I N F RIS
I E Y R P E R RER S TT R AR RE R ot - % |

¥ 3 osxinie d GQM R 3L E g GQM ik gk o

3.1.2 Fuzzy Petri Net® #-# GQM B % e 22 o 47
AT BT GQM 1F 3 P AR B RF1PPoe i 0 Bt 0 ALY R o
BT UEA GQM PR R EARR HEHK -+ LGQM B % - 3 8 - =
FPRERPAAGCGQMEFRERFIF ORI HF-REFEYE RE 4
T2 Benft M g2 £ - - Ro» 7&{;& B ERBARHNR- B
RERHTHEDRENIEE T 2P gi2 o Tt > 2% & GQM B %7 » 4e »
TR F 0 B R A F T GQM M R L O B i GQM B Tk > 12
WP FPEEEUERBRLAA IR SAFRE SR NER -

A it F] o Ak Bkt Fuzzy Petri net &k % A5 GQM R % sk
LR o Fuzzy Petri Net 2 & ¥ 113 »cind R PLL > { a ;;;L HABA Bl
(place)z. B e % > B2 GQM B 27 R E P IEE R B2 B 2> W2 B
ERMERERIFL O Ay & FI ¥ 682 GQM M iR ig £ - o4
sk - B GQM B g e S R e GQM B % o 4 * Fuzzy Petri Net & {7
[AES A

Fuzzy Petri Net 5 — #& f+ Kl(bipartite directed graph) » d i ¥ (place)fri ¥
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(transition)® A F AL e > FA £ 78 > A EGEREAEE - FBZE T A
F 31 - BRIALROEHE AL - BEIE BT SRR S
o & g2 [ enBf %o 38 S (directed arc) k # ¢ o — 2 A e Fuzzy Petri Net £_d
N & (8-tuple)*THE & ch i £
FPN = {P,T,D, 1, O, f, o, B}
HBpwai4oT !
P={P;, Py Ps, ..., Pp} 5 7 "Li ¥ Qfﬂ«é’“r’f#%\ i & > m % 7 % Fuzzy Petri
Net ¥ =% 8B #H# > m=1 -
T={T,, To, T3, ..., Tn} 5 7 "V ¥ & Bt~ er#:,\. gk & > n % 57 & Fuzzy Petri
Net ¥ #&# & 2.ehB > n=>1 -

D={D;, D, D, ..., Dy} & § " 4T (domain) *H -+ e &

PNTND=¢ * |P|=|D|

I= ,—»#i-a] ~ =% & Zh(input place)#73) = el & o

0= 3 ﬁg?] d1 = % & 2h(output place)#73; = gk & o

f= @Y aghan- BRIEF2ZF 27 GIEARA -

0= H% - BEIEZF2ZGHAE -

B= & =¥ & B8 A AEch- $t- a0k

Bk AvE- 3 o Pk & o dok Piel(T) » Blis - BAGEE Py RlHEE
Tiewi&aji’ ajeAc ek PeO(Ty) > R F - BEE T3 ¥ P et &l ay
s aweA - EH(T) = i BITichv G2 £ 1,5 % B(P) =D; > DieD » A
P¥ kg% D £ aP) =Y’ * PP)=D;> B D;chiz df & £ Y, o

Glde s T E AT

FPN={P,T,D, 1,0, f, o, B} *

P={P,P,) -

T= (T}

D = {it is hot, the air is dry} °
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I(Ty)={Pi} > O(T1)={ P2} > f(T1)=0.9>
a(P;)=09 > a(P)=0"
B(Py) =1itis hot » B(P,) = the air is dry

Bt wh Ak R & T Ao 30 SRl (S ek iR B 4

it is hot 0.9 the air is dry
09 O > >
P T] P2

Bl 3 ~ Sx# @ 9 Fuzzy Petri Net

it is hot 0.9 the air is dry
|
O g *O o
Py T P,

B 4 - 5% {4 ¢ Fuzzy Petri Net

-

M A ? o 4% Fuzzy Petri net enta#ici® 1 & 2F enig sa il 3 & GQM B
Grehd
FPN=(P,G, Q, M, T,D, 1, O, f, a, B),
27 T,D,LO,f a pha&se titspk »
P={pi, P2 oo Px} 5 F
G=1{g, &, ... gy} »F "VRE P IEE (place) T = el & >
Q={qLq,...... ,Qz} 7 VR E R AL E (place) i il £ o
M= {m;,my,...... ,My} & F VR fé_:}ﬁ 1= i (place)b’ﬁ#:}l g s

N Y R N | (place)b’ﬁ#%“ g 5

A~ T * e Fuzzy Petri Net ¥ > "%.} e ] ~ %1 By AR
T & O i g B 83| Fuzzy Petri Net sha 475 % > & B 5.5 - B i § i if
B~ PHEEM 2 & - B GQM B ik enw 7 #f S 8c(Certainty Factory, CF) o f & %
e "ff TEREAROTIEARE] R E RS RIT R AT RE

B RERAEME R BRHEOCHER A B GQM B R i § 2 i R &
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B GQM M e ® G S BAp R F ko A F B %

D2
£
k
W
(]
hpas)
g
W
Lt
&
%
W

B Ren g R PP AEE Pl = E 2 B iR 2 E KT Ay e T A
— B E S KW o doR] S e

R: IF project size is pl THEN the gl has be select (CF = 0.9)

H ¢ > CF(certainty factor) % 77 #* 2P| ¥ B IF A2 R o
LRI P Ak M HEE S 0.6 0 @ “project size is large” st ¥ eni #f
B % 090~ CF % 0.9 F]p “the goall will be select”s* =% cniz i & 5 0.9 *0.9 =

081> B> PHE 0.6 st i} ﬁfkﬁﬁ;ﬁﬁjﬂii?&‘_@_ PiEE Y o

project size is the goall will be
large (0.9) 0.9 select
|
O > O
p1 t g1

% 5 ~ Example of Fuzzy Petri Net

32 HoHs L % A

AAREHARER £ R RAEHL D § REF D R MR R

BEHET DR AT P o RIRT BHREBAITE B EL MR ok

’Fé, 2’-"‘-}7‘]-, ° '/_T:i - “fé # —'fqz th’N” ’ “ﬁi‘{g_" /J\ ) S” ) “F#B);?pi:ﬂ& ) T”‘—:"_‘: f@;

A

%%%&@,%ﬁyﬁﬁ%ﬁ&ﬁvwﬁ&ﬁ&ﬁo
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2R 2 B R PFAE[38]

ERpkE Jn 3 A ik
I PR & E R R
B kT gk < ) RGP FEEE )
LABFER LA EMEEOLY L H )
Bk OTRAE Al 2 Gt AR | Bl T Web-based ~ 58 ks s
R R E
BT iV F 2 &]4c : Java ~ C ~ Visual Basic % %

AP S A AL EPRIER TV A LA BHI T - HAE BT H
FENBRRPHETHEE L p O R B3 AW B AR
SR DR AR A TR N B RS SRR B i RS e

E N TR g VA <

T AR FEREOP A AR ) BRI FFEER T F L
oo RS R BEPFREE BERSAE LA enEy o T i X
B TR F A B ) R BT TR B g A HEEE g
RS BGEE A M A i J Y 0 R F A RS R B =

fLHi%J» Eﬁjﬁﬁ?%&ﬁiﬁrﬁ 6 TR o R mﬁlx LIRSS R IR

RERFRORGE (VEEFhIREF 1T BTG L s i 2
AEFENRERE X3 R p L A LR HIETIRE B RS 5 et > T

PR KR AT R R ARE AR T T WL R P E A
R ERLTR AT S GREA 0 B OF R %#ﬁ'ﬁﬁ:lﬁﬁ% INRUASE " 3 ﬁﬁﬁ: B S Bk
EREE, 2 B o 22 B % XHHE as s % %% “Small” -
“Medium” 12 % “Large”* = B &7 K &R -

bl "F*fﬁi%l > N=15 ~ S=300000 ~ T=6 > 4B 7 #77% ° a‘_s@&f%f% 5 P
# 2. 18 > N=Small(0.2) ~ Medium(0.8) > S=Medium=(0.8) > T=Small(0.7) -

Medium(0.3) B # & B ok 2 5515 c(x) » TR LR A SR E
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A Member Number

small medium large

Software Size

small medium larce

X,

N N Na Na

S S S S

Development Time

small medium

large

T, T, T T4

Bl 6 ~ Membership Function of N, S, and T

A Member Number

small

medium large

Software Size

small medium large

?&:}’*‘/{""LIB ks & B 6 BT hif &
FER A - B ITA S =
ﬁig,J/\ RN BRI AR

B ECL RSN, PR B BHPES KA A

“Medium”

1.0

“Large” 14 % “Extra Large” °

X

300000

Bl 7 B % HACE A 5 O

3 & B A

Development Time

small medium

large

BEIPHEHE,FOEEE H

PEE) Z%fﬂ AR

AR AR

BiTE XL S (T B R

i
;J- gt ° /47\ i{%’
£_“Small” ~

P & Bl4cB 8 #roT o

5] ¢ N is Small(0.4) and S is Medium(0.6) and T is Large(0.2) Then P is Large(0.2) »

R =

inference”[37]4& 34 17 4 o

P is Large g e 5 02 L@ Hwies
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N is Large )
T| Small |Medium| Large
N is Medium )
T| Small |Medium| Large
N is Small ) Extra
S T| Small |Medium| Large Large
Large Extra
Large
Small || Small | Small | Med
Large
Extra
Medium| Small | Med | Large Large
Extra
Large
Extra
Large | Med | Large Large

Bl 8~ B kA SRR &

A ATER (T AR 48 2 “min/max inference”[37]2. 48 % R R4 T 0 &
W IE AR S| R A T B IE S A R R
5] ¢ N is Small(0.5) and S is Large(0.9) and T is Medium(0.3) Then P is Large(0.3) -
OB TR EE FREA T PR Y LB X BRI BTSSR
X RAA BT o b

N is Small(0.4) and S is Medium(0.6) and T is Large(0.2) Then P is Large(0.2) ;

N is Small(0.5) and S is Large(0.9) and T is Medium(0.3) Then P is Large(0.3)

G oA EROR AR S B 0 Bfsandiih 2 % 0 5 Pis Large(0.3)

% ¥ 2

=%

Yot > TR T EEAFEHLIF O RTRAIVREILHFNLEE H

ﬁg?l » Fuzzy Petri Net i a2 B¢ » WEFR ERI G o
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FHREZ BT ORI VRESFEFAE AL FRME SR
PVHEIFIARORERBEERE c BT IS T RIFE AN
BRI R OFAE & - BRI Y HER 2 RIRApd o I F
EF SR EN P I L AT BEMBEHENDAEE IR GF A AR REI L
TIEW ANITERME BELMRESARE R LT B 9 Hrr 0 BRERY L E L4
HEEOFAGREEA T RME L PR ERE P HRR BHIELT F B

WMEF AR EOREI L REFRAEI T NP ETHHMBEF M T -

Measurement Plan Tool

Measure Measure Measure Measure
Tool Tool Tool Tool

[ Requirement H Analysis Design Implement
C R

=k

1 BB ARk o &R

Ao AR R I E R R T AR HAE R RE DL R
FREFRE DRG] R ERB DELY B AORLER T ADR L4 4
BHgmd L4 | ke e AT ¢ AP ESGQM L ER A B R 2
RO R RN - B GQM 5 A#E A AR LRk S(Fuzzy

GQM Based Software Measurement System, FGQMSM) » & % 5ui-p &~ B 4802 2
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GEEFAREY > T UEEH 7 N R EE > TR R
FHEPDFEEE A A ETERPORBEET A NHETRE
Pt fIr TR BT ELRERG AR e EH K £y A
LS TEC £ £ il SURS R S RSN FE 0 SuERIR RS S 2
Blic™ B 10 #7571 > & % —'g_%é;:‘@f% # 'ﬁ /i & (Graphical User Interface)¥? w3k B
(Knowledge-Base) ~ GQM /2 E (GQM Processor) ™ % & & 45 1% 7 4 & (Metric
Database):& (7 » EE R ERPIERE R EpIEFTA L

T T AR RE R

S R BT R LGN F .

User
A

h 4

Graphical User Interface

il

v

Knowledge-Base

® Store the Fuzzy Project
Classification Rule

GQM Processor

® Sctup the Goal list, Question
list and Metric list

® Setup the Relation of Goal,
Questions and Metrics
® Sctup the Metrics Information

® Store the GQM Fuzzy Petri-net
relation

Metrics Database
® Store the Metrics Information

B 10~ % ffu’,’#f#%]

TN T B Ok A

2l

FGQMSM &% & 7
1. #&* 4 6 (Graphical User Interface, GUI) :
FGQMSM £ B £ 23] X B & 04 & o FGQMSM * i 2 /i &
BRI REFRBRL 0§ SH%DBRERL AR AT BEL A5 &

BB AL S5 » @ FGQMSM e * {435 3 o
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2. GQM jzd2 B (GQM Processor) :
#FF G > BB R ET AL ELRE - AR YRR

TR ERPEHTEE GQM el Badlis > A2 R E P IRFH L »

HOG 0 TER Y FE R 2L HEORERATEE 2 R B
FHLRY F A6 on it * FEFDRLIpERRIEE GQM L F H#

=l

EEpthptis oF el 222 R Ehthraidner o
Ad oo =25 @ F73H» DR ERFGHREZREHETH - 7~
58 GQM L B2 il » B GoR iR EHETREEAT
AT o

3. i E (Knowledge-Base) :
EERFEFORERPER - s HEREP - RERER 4150
M2 BB dafdge B FEXVEFE I P e REFSg
B &R EARP G -

4. B & it 7 #% & (Metric Database) :
SR EREOHEST c RERPLE B K P T ERY
R BRI TR EFRE R EdpRani F s R R 2 4p1R4p

HERSHTIEL £ 8

hjdd Bnd B EA B AR R R R (AT A B EA
WA GQM AdZ B &~ RERIHFH LG B3 Rz a0 87 &

i HHRE T Z B T N AR R A 8

4.1 "—f"g"}f- x) GQM TF,:PF’

AR RJL N T A EATE R B TR T R RO A 8 AR B U

BEYPIFHENDEZTRE SR T BELS GOM L B o e E Y - 1 1



T 5 K GQM AR BT AT R B £ % > DR FOBE D] 3T 0T A &I 4

¥HieAd B LIFEFAL o

Knowledge-Base GOM Processor
KB Interface GOMP Interface
4 AV 4
Fuzzy Project Relation P Relation Metric
Classification [®7| Processor [® Analyst Analyst
Processor

f

Fuzzy Petri
GQllj\/l —®| net processor
Database <
B 11 Goit 22 GQM AR E2 385 422 B 57 4

411 REPH - RERFHEE R E4pHRM G
4e® 11 #7170 g Ao S R a4 G (Knowledge-Base Interface, KB
Interface)fJc ¥ & & 3] 4 R ’f'”rﬁis?] B R PFHCE AR 2 6 {BRLE S
H & 5 e d2 B (Fuzzy Project Classification Processor)ig i 4 47 » & & endd ficid 4r
8 2 1T oo B RO A S L as:p-g# e kEacE N~ LB RO B
o #c? 2i7EE > ¥4 * min-max inference[37]4a 3 I}t & X ik endk kg
Ao BF B! EZHEAI GQM FTHE ? (GQM Database)4 & 4p 4 12 h8 %
T8k A GOM B % > I i%5iF Fuzzy Petri net Ed2 % (Fuzzy Petri net
Processor) ¥ ek GQM B & 7 4 47 > B fs B 758 % @ ﬁis?] A R L S
(Relation Processor)## < 2 GQM a2 % eiff % 4 47 % (Relation Analyst)ig (7 F —
GQM FHE? T ST B/ 12 7 - k%247 (50 7 kb 5o
e bt o mr- BEEEHEINREPHRAY TREPH 5 - BAE P R
EHEINREFEAY DREIFI THREINREREFLY DR TR B -

1A o1 B Y lf’“;ﬁa_\ 2 GOM B 2 o — BB X :I—»—g & GQM &% T_}E?
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P hGQM M e kb s AP A RH A 2B kE SRR

P~ RERHEER

BRI F Mo i

gﬁ—xﬁl ﬁpla’”“'

Tapthe F bl 0o {4 r 0 H0R (Fuzzy) s~ % + kdeap H
TR RAN - AR FAFEHEDRE P RLR

R g%ﬁt% ELE BRI REEP E2Z Rl GRS XA

4 Al T E - BREANEA - LA RAE PR E DR §AE %0k

AE AR dek F - BEERASOFRET B8 B HBIRER B

Z_ZHE B H B anE

Bh AR F D BRI

Rl RE P R R

B2 NN ERLoPERI IR tREPERCRENEE R T4

2R AR E

PRI AR P R § 2 B T § A o F

__g_-
A2 T EHDGQM M 4% 3 §H % ehs 3 GQM B %o @ T8 GQM B 4o

TtReick GQM B % & GQM FALE ¢ A iE * 7 Fuzzy Petri net (il s &k £

. > 3% iF Fuzzy Petri net &J® B 4e 12 A 47 > 1B Eif £ e GQM B (4 -

Project Table Project Feature Project Feature
Goal Table Goal Goal Goal
Question Table Question Question Question Question Question

e 74____

Metric Table Metric M

etric Metric Metric Metric Metric Metric

B 12~ GQM B % F 4L 547 & B

3 GQM R % &2 % (Relation Processor)$: {z ¥| Fuzzy Petri net /&2 B 7 # 1%

91 % ch GQM B 14 13

3% 5 GQM B % A 47 B (Relation Analyst)if 7 ad® s 4r

TH 13t 0 GQM B A 4T R g B eI GQM M A RERE S RE PR
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EFH EBFV{S:EE'}}*@'B#ﬁJfg&EE R GQM @%ﬁﬁ!(GQMP

Interface) % 1% 4 i * Jﬁ fi & (GUI) -

GQM Relation 1 Goal List

GQM Relation 2 /

Relation Analyst ——p

\ Metric List

Question List

GQM Relation n

Bl 13 ~ GQM B i~ 47 B edZ o £ B

412 AT AEE PR RE A R EHIRDH &
% FGQMSM 4% & 2 B ice TR PR B SRR BRI R k3w r 3 &L

g FATHAE D R RENEE AR R TR A= F 2 ook GQM M

o (AT o p IeEIEE (ho@] 11577 0 A ERI R AED B

=

FHAREAREPRERL D AP T ERER Y 4G ATHARD E
94 GQM AJLE » 4 GQM ASLE ¢ &b i A 47 BAfe I R £ B 55>
e M AL R R S R N A R £ 2

MaATEAR: RAENFMEE SR EHREE > REALRY F A5 FR R

i
ERIAE VAR BN EE Y SR W RLITREEPRIRE BRI TV ATHA
EREAHEATORE P o L g AN GA T B R EDR BHEEE Y SR Y

*
Bt AR ERAAR EHE FRGHRE B REN IR EHEL TS

FreofoR GQM B (8- 1518 GQM adZ B efd (% 4 47 B8 7 4 47 dT o
s 47 B € d AR GQM B A AT 3 GQM §8 % B ori % nbl A4 4
T HELM G B L X AURIT R B-GQM B R B B AT 0 B (S

Alde A7end & P acE @ 2 #ko0 GQM B % { 772 GQM A E -

27



42 REHBEFTHES GQM AL E

BREARETHES GQM 2 F2 F § 5 3 A3 $ bl 1 R 2R304 |
ERTRELBL G RAETREASRE B Banie T A B3 S GQM ALk
L2 @ FATH - B R EApIER  GQM AJL B HR B iy i T AIL 1

B LR BRETREEE AT 0T B SRS B AN E

GQM Processor
GOMP Interface

f ¢ f ¢ Mefrics Database

) - Metric
Relation Metric P Information Metric
Analyst Analyst < Processor Database

Bl 14~ R EHEFTHEE GQM AJZ F b % 0 3T £ R

421 BEREHETA

BB RS GQM 3 $ 8 et B 14 577 > & £ 474 GQM fum
T4 GQM AJLE 4 5 (GQMP Interface)tifc 7 & £ 414 f & R £ 4
Hefizts > TRRERFEDEAEBELR T 1E4 17 B (Metric Analyst) » & iz
BAIEMFE > REREAITESL L b frd v a L8 fRREHE 42
FLREFTHEEDR L F ML E(Metric Information Processor) o & £ 7 3 L
BRI R 2R SR 0 IR £ 4015653 B (Metric Storage) & {7 4 34 i
oo B MR R R B TR B E LR BRI E R B 4T B R4
FRERRIEmTREE A FRREETARILL SR F DL EAN . &

%% GQM L & /i & (GQMP Interface) B 5 * 4 i 5 o

422 FTH R EHE
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d W ATR B4 iR Erengtde 1) 0 F1 FGQMSM ki A7 R £ 4 i
#10 4F3 FGQMSM 07 * 42 o 378 & & g 4Rk Sup 30240 B 14 9777 o
GQM AJL B 4 fc f 5 e & 7 1 » i B hAp M Fon1s > g
BEHBEAFRSAE Y hF M ko R O LR B BT A AR R
AR EA TR

Ao - BAE L AF LA R R ESRM TR ¢ R R ip

B F[39]% 2 3

2 3~ R EdpiRAp B [39]

BE A i B R ¥ it
EE iR b4 &40
R EApikinp Kt R B R 8
Tt a2 B4t » Bz e 2
BESAONAGE S &ﬁﬁﬂ*“??“fi%%*a%
BE 2% 0 e TN
B ATR B~ A ?ﬁv»mic;)i‘l s de AN AE S pRdR L %
RERSDFE AHE BEBETRELPE ST

AT R B2 BT TR ARG AR R B RS oY
BEMASEFE 4ot 0 A ER S - BITHA BRI Fo F A kB B
Bh itk e kiR Y g 8 PR RS FALT 0 T R R B RAT
HEEPHENE RE R & AT o 12t k3 it FGQMSM shR L1 %
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IR ARFEENE R BFH

BAFHEP B - B AL R D FGQMSM 2.k L 7R
o R AR E D 2UA ¢ s — B 6]k eI FGQMSM s 7 i AR o
A SBRREIARD R 0 A LSS B G A L R ERBIAR D KE - R T K
Fl* A FREFRERI O AN FAE 2. (FEETBRE R FRAE T

MY TR G 7 TR A d B AR o

A2 w4 I e FGQMSM 11 GQM 5 s B3 » 1% E H an 58 SR T
GQM &R BERL a9 *  nFlep TR/ ERL AP LEH > 1ET GOM &

BB ARLHIE i o

5.1 B EARRIME
AR B ARG AR 15 T 0 AR o SR AR iR
BRE2ZE &L TFHE > FGQMSM i ¢ iRipit & A F e 0F i B @ 5g i

% k2 R EARPG%K FRERPGEHRNN B EDREPRETL AT

2

Iz
™
P

R AT AR P RER O R BRI AT

-

PAEE P > 7 hens

N

=5 K AR E P &

s

P EPf ghREPIRER  NEFRT KRG E -
EHREPIHFERL QA NHBEPIREIFIEEAET Y U EH > EH
RERFAEER M NHEIREIRHFEL FR IR A EHGY DR

Bipth o - BRAAEFRTHEORERIFETER L L hod g &Y F 47
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EREDR T FL TR RER Y F > T FRAERIARY ¥aao

oA kI N R B ESHR{ATTREBE o

Knowledge Baze GU| GO Processor i etrics [ atabase

Receive Project
Featureg

Classify the
Project
Query Fuzzy
GOM Relation

Analyze the Fuzzy
G0 Relation
Show Goal

Option List

Select Goals
Option

Analyze the Fuzzy
Goal-Guestion Relation

Show Question

Option List

Option Question-Metric Relation

Select Questions i Analyzethe Fuzzy >

Show Metric

Dption List

< Select Metrics ™,

( Option ;

Show Metrics Detail
Infarmation

/7 Query Metrics
Infommation
Update Knowledge /
Base

B 15~ FGQMSM & £ %3]/ 2B

512 {A7TR E AR

g R R R s R R 2 RRGHRDAFEEFE O HE IR

2y

VIRFI R BB g s F]P s A A MBRET RLIOBE EOBRE{ITEALY

k3

# o

BRSO (AT AR 1697 0 5 4 BARPUATED - ¢ 2B EAH
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B 17 ~ Example of Fuzzification
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PR R A 31,?] e T SRR ¢ At RE G 9 GQM relation 2o Hoks da i AP
R1:IF p1 THEN g2 (CF = 0.90)
R2: IF g2 THEN q2 (CF =0.70)
R3: IF g2 THEN q3 (CF = 0.85)
R4: IF q3 THEN g5 (CF = 0.90)
RS5: IF p1 THEN g1 (CF = 0.95)
R6: IF gl THEN ql and g3 (CF = 0.90)
R7: 1F p2 THEN g2 (CF = 0.85)
RS8: IF P1 THEN g3 (CF = 0.95)

R9: IF g3 THEN g3 (CF = 0.85)

% 1% 4 ~ Example of the Project Features

Project Features Description
Member number (N) 15(people)
Software Size (S) 300000(line)
Development Time (T) | 12(month)
Application Domain Database system
Language Java

# ¥ 5 ~ Example of the project classified output

Project Feature Description
Project Size Extra Large(0.4), Large(0.6)
Application Domain Database system
Language Java
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0.6
0.4
0.9 0.85
0.9 72/ 0.95

0.9 0.7 0.
Q 0.85

B 18 ~ Example of GQM Fuzzy Petri net

85
0.9

&t

A&

\\\?{r

#* Fuzzy Petrinet 4 77 >t ] 18- # # pl 2 p2 s i & #ic

g

A ik

% e 1 GQM F ¥

&0 HURTL E o 1k

AAGIY s HOWE ﬁﬁﬁﬁ@_ﬁﬁﬁiﬁ dtenpl 2 E p2 1&?@%&&/} G4 0.6
ME020d pEFERED R{gl, g2, g3} Rk

g1 =0.6x0.95=0.57

g2=0.6x0.9=0.54

22 =0.4x0.85=0.34 <A(0.40), cannot be fired

23 =0.4x0.95=0.38 <A(0.40), cannot be fired

FEF RS o gl B @ i REATPHEE A 0 Ft o gl 2 g2 A
BEEPHEEHEY » L@ HAe R Aok 64T o

REFA{ql,q2 q3, q4 }eip e BT BEA P RERD] G E R B
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# ¥ 6 ~ Example of Goal list

ID

Goal

gl

Improve
the timeliness
of change request processing

from the viewpoint of project manager

Improve

the reliability

from the viewpoint of software developer

of the software development process in order

# ¥ 7 ~ Example of Question list

ID Question

ql What is the current change request processing speed?

@ What is the deviation of the actual change request
processing time from the estimated one?

g4 | Is the performance of the process improving?

Q

M

| ONO

B 19 ~ Example of relations between Questions and Metrics

ql =0.57x0.9=0.51

2 =0.54x 0.7 = 0.38 < 1 (0.40), cannot be fired
q3=0.57x0.9=0.51 or 0.54 x 0.85=10.46

q4=0.51x0.9=0.46 or 0.46 x 0.9 =0.42

BT E S o ql q3 & qd it BB TR L 0 T

4R EREEEY Qﬁ@x"é’#—'ﬁﬁ\i FR oA T T o
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HEDERENANR BH BRI R BLBEE Y - B FER ok

# ¥ 8 ~ Example of Metric list

ID Metric

ml Response time

m2 Standard deviation

m3 % cases outside of the upper limit

6 (Current average cycle time — Estimated average cycle
m
time) / Current average cycle time

m7 Subjective evaluation by the project manager

m8 Current average cycle time / Baseline average cycle time

# 1% 9 ~ Example of Metric Information

Metric Information Description

Metric name Response time

Purpose of the metric What is the time taken to complete a specified
task?

Method of application Keep a record of each attempt

Measurement, formula and | T = ( time of gaining the result)

data element computations - (time of command entry finished )

Metric scale type Ratio

Input to measurement Test report and operation report

Target audience User, Developer

# ¥ 10 ~ Compare fuzzily GQM relation with crisp GQM relation

Fuzzy GQM Crisp GQM
Relation Relation
Goal listed number 2 3
Question listed number 3 4
Metrics listed number 6 8
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6.1 Use Case: Select System
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Medium:
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FProject Featur
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File Bastern  Help
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6.2 Use Case: Input Project Feature
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2 Ceneral Ueer
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Help

=lolx|
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3G Relation

Small:

Medium:

Large:

Extra Large:

FProject Feature

Member Humber 10

Software Size 500000
Development Time |6
Language Java ;I
Application ek j
Threshold 0.4

Complete e |

FPr Faren List |

Brevicus | [t |
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File: Systemn  Help

~lofx]

=Project Si
Small: 1.0
Medium: 0.0
Large: 0.0
Extra Large:| 0.0
rProject Festur
Member Number 8
Software Size 100000

Development Time |6

P GOM Relstior

Goal Option

[ Inprove the timsliness of change request processing from the viewpoint of project manager

[ Inprove the reliability of the software development process in order from the viewpoint of software developer 085

Language ava |
Application Wisk =
Threshold 0.4

Camplete | Cancel |

1 I

Certainty Factor

03

FPh Form List

Brevious hlext

F i e Use Case & {7 /o427 14 Activity Diagram # I > 4o 26 #771 o

—_ A~

GUI

Knowledge Baze

Input Project
Feature

Cutput the Classify

Result to User

Use Membership Function to Compute the
Certainty “alue of Project Feature Class

!

Use Inference Method to Analyze the Fuz

zy

Classfication Rule with Projcet Feature Class

Bl 26 ~ Input Project Feature 2_ Activity Diagram
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6.3 Use Case: Output GQM Option List and Metric Detail

Information
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Bl 29 “TH 7 ch T L R ENAfeR E4pihEH > & Bl 30 7 0R| 5 R E4pikan
FEwFAORFONFE T RERBDLE R ERHEOD S r 2

Dy

REDDRAFE SR R BB AL R EFR TR RE SR

neral User
File System Help

Project Si et

=lof x|

Small: 10 Goal Option Certairty Factor]
i 0.0

Large: 0.0 [ Improve the timeliness of change request processing from the viewpoint of project manager 049

Extra Large: 0.0 ™ Improve the relisbilty of the software development process in order from the viewpaint of software developer 0,85

PProject Featur

Member Number 8
Software Size 100000
Language Java =
Application sk I
Threshold 0.4

Camplete | Cancel |

1| | i

FPR Form List | Frevious et

Bl 27-REPHREE
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=1l ]

File Sstern  Help

Project Size
Small: 1.0 Guestion Cption Cerainty Factar
Medium: 0.0 [¥ Wihat is the current change request processing speed? 0.765
Large: 0.0
Extra Large: 0.0 ¥ wihat iz the deviation of the & actual change request processing time from the estimated one? 0675

FProject Featur

Y I Ta—— 8
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Development Time |6
Language Java =
Application Wik |
Threshold 0.4
Earrplete Cancel |

1 | I |

FPH Fortn List Previousz et

i [=[]
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I Standard deviation 0765
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I Subjective evalustion by the project manager 0675

FProject Festur:

T %cases outside of the upper limit 0E7S

Member Number 8

Software Size

Development Time

Language Java i
Application ) lad
Threshold 0.4
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FPH Faren List | Previous | et

W 29 A B4 fhiE E
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User

U3 &l x|
File Systern Help

rProject Si G Relatior
S T Metric: Narme: Resporiss Time =
Purpose of the Metric: What is the time tatken to complete a specified task?
Medium: 0.0 Method of Application: Keep & record of each attermpt
Large: 0.0 Measurement, Formula and Data Element Computations: T = ( time of gaining the result) - ( time of command entry finished )
Metric Scale Type: Ratio
Extra Large:| 0.0
L] Input to Measuremert: Test report and operstion report
Target Audience: User, Developer
FProject Featur
|Memher Number ‘B |
Software Size 100000
Development Time |6
Language Java -
Application Wik -
Threshold 0.4
Carrhlete | Cancel |
FPN Form List Previous et

Bl 30~ R EHiEEeF L

6.4 Use Case: Select GQM Option

PR TR B W kR AT L FEERG P B ER
#oofide > K AT E PR
FenEd o T - R EE o kg6 4Bl 27 - W 28~ W 29 2 B 30 47

Toptw BoRALE e WKL 'fgmzé’a‘& KR EPEEE- B RAR

ek

g
Hriim 30l 1A ©

@ _F it e Output GQM Option List and Metric Detail Information 12 2 Select
GQM Option ¢+ @ f# Use Case chd{ {7in 424 B ¥ 2 Activity Diagram % 3 » 4-

W 31 T

47



Ul

M Processor

hetrics D atabaze

Show Goal
Option List

Select Goals
Ciption

Showe Cluestion
Optlnn List

<Se|ect Quest ions

Option

Showe Metric
Option List
Select Metrics
Ciptian

j/jﬁ

?

Analyze the Fuzzy
GOM FRelation

- )

Analyze the Fuzzy
Goal-Cluestion Relation

)

M\_\R_;

{

Analyze the Fuzzy
Cluestion-Metric Relation

)

\

Show Metrics Detail
Infarmation

}

=" Cluery Metrics
Information

B 31 ~ Output GQM Option List and Metric Detail Information 4 2 Select GQM

Option 2.

Activity Diagram
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Project Classification Rule | GGt Relation

|
flembership Function I

Bl 32~ v R EH SR L ATH P

6.6 Use Case: Receive New Data
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File Ewystern  Help

Project Classification Rule | GEM Relation | hemberzhip Function

Flpdate Winco:
Goal Descript CF
Ilmprove the timeliness of change request processing from the viewpoint of project manager IF Mapping Guestions | Delete |
Ilmprove the reliability of the software development process in order from the viewpoint of software developer IE Mapping Guestions | Delete |
| I_ add |
Il 1]
Do Moddify | Cancel |

B 33~ ok GQM M i 3785 ~ % o

File Systern  Help

J Project Classification Rule | GGM Relstion | Membership Function

Flpdate Windo
pdztnber Mumber
Feature Class Start High Start High End End
Strall 0 0 10 20
hdedium ol 20 30 40
Large 30 40 40 40
[moftware Size
Feature Class Start High Start High End End
Srnall 0 0 50000 100000
hedium 50000 100000 150000 200000
Large 150000 200000 200000 200000
Crevelopment Time
Feature Class Start High Start High End End
Srnall 0 0 G 12
hedium & 12 15 24
Large 15 24 24 24

Do hdoddify | Cancel |

B 34 i aticen {78~ & o
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File Swstern Help

Project Classification Rule | GGM Relstion | Membership Function
FLpdate Yyinco
-
IF Mefber Mumber is Small and Software Size is Small and Development Time is Medium THEM Project Classification is Small b ]
IF Member Mumber iz Small and Software Size is Medium and Development Time is Small THEM Project Classification is Stnall 7
IF Member Mumber iz Medium and Software Size is Small and Development Time is Small THEM Project Classification is Stnall &
IF Member Mumber is Small and Software Size iz Small and Development Time iz Small THEN Project Classification is sl 4
IF Member Mumber is Small and Software Size is Medium and Development Time is Medium THEM Project Classification is

IF Member Mumber is Medium and Software Size iz Medium and Development Time iz Small THEM Project Classification iz v b
IF Member Mumber is Medium and Software Size is Small and Development Tirme is Mediurm THEM Project Classification iz il

IF Member Mumber iz Small and Software Size is Large and Development Time is Smiall THEM Project Classification is
IF Member Mumber is Large and Software Size iz Small and Development Time is Small THEM Project Classification is
IF Member Mumber is Medium and Software Size is Medium and Development Tirme is Medium THEN Project Classification iz i
IF Member Mumber is Medium and Software Size iz Large and Development Time is Small THEM Project Classification is

IF Member Mumber iz Small and Software Size is Small and Development Time iz Large THEM Project Classification is

= = = = = = = =
T T T T T @ T T
-3 -3 -3 -3 -3 - = -3
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= = = = = = = =
4 4 4 4 4

Lo Modify | Cancel |
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6.7 Use Case: Update Knowledge-Base
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