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Abstract: A method to analyze a requirements specification for identifying the importance of quality re-
quirements in the specification has been already proposed, and the importance is derived from the amount
of quality requirements in the specification. However, whether such amount really reflects the importance
was not examined enough in the method. In addition, the method required human decisions a lot. In this
paper, we show the solutions for these two problems. We first examine whether the amount of each quality
requirement described in a specification reflects its importance. We conclude such amount reflects the im-
portance when we revise the amount based on a priority among quality requirements and the distribution
of shared quality requirements. We next propose an improved method by using analyses records of similar
systems for automated analysis. We also developed a supporting tool to enact our method. We expect such
analyses records help an analyst to make or skip decision during the method, and the result becomes more
correct than before. We applied our method to several requirements specifications, and found our method
contribute to making the result more correct than before without a lot of human effort.

Keywords: requirements analysis, analyses records, quality requirements, spectrum analysis

1. EU®IC

il R BRI E ZRL R T A 729D 121, correctness,

unambiguity, completeness, rank of importance, stabil-

UMk
Shinshu University, Nagano 380-8553, Japan
kaiya@shinshu-u.ac.jp

a)

© 2012 Information Processing Society of Japan 510



BEIEF =R EE Vol.53 No.2 510-522 (Feb. 2012)

ity, verifiability # L C traceability & £ 3 5 LB H
5 (1. BREERICOVWTIZ L2 EE T 27200 T8
BEIRESNTYD (2], 3], [4]. Lo L, FEtEpEZR=
MEERICOVWTIE TG RRENH D LTz v, WE
FRIIH HERFED EORE L CEREIN L D2l R2H D
TH 5 [5]. HREZORICH AR EZRITIT W F 72 SA
% { & % 72%, IEEE Software 235\ CTHAEASHL T N7z
ZOREZLLTORFEB IZBVT, AT =7 KLVFD
BRI 2 BEAR, SR ZECRMO b L— N4 7, BEERO
WE L BIROEE L S ORESEIEH ShTwie

FRORBORES [MWEZEROWE LBHROH L & |
ICIEE L, SWEERDZZOD AT VR L W) Tt
TTIERENTVAS 6. ZOTEICL-T, HAERM
B, 0L RWEERD EOREDOEEE Trlak &
NTVLPRWET LI EDMREL % 5 LIRRENT VS,
COFFEOANIERHADOY AL (XDYAL) THb
7o, BRRALERE, BEHE, o FoORESE, AREE
TR SN2V 7 by = TR ICHES IHEHTETH 5
EHERRENT WS, TNICE - T, BEREREMCER
SN ERDS, BEEIRFEEICEL (RS T b H
EOWTAHIENTREE Lozl EBWBEEINT WA [7].
LoL, COFFECIE200MENSH L. 6112, WlE
SN ZERAAR IS BT 2 MBEEROEEETH S
PEDDHL P TH . 8212, ZOFEDOFITIZIEHN
BZOTFBN AW EZLEL T 5720, HEINIZOIE1T)
CLIIREETH D, ARFOHMIZI O 2 DORME N % Tk
T5HILETHA.

1 OMESRFEO 2010, SWEERB L OHEDESR
W BRY, BRMARREICBI 2 MEEROEEE & 13
n, FLTC, FNEMETAH7-0121E, ED &) ZdHiiH
DEPEW S L, fiRe LT, ERENEERICE
J5, »AHMEERTHBH SN TV AEEEEROEAS %,
ZFOERAMEEICBITS, TONEEROEFEELZZ T
IWZ EERL 72720, 2 HOWMESLETHL L
SHMEIC L7, 110, EREHBOEREDENE, %
KIEH M OB 2 WV CHIET 2L EX H S 2
ETHD. 210, HHOBRIEH 256§ 2 B 2K
H—BREHICTR ENTWBEEE, FO5R%2ITH 2
ETHIETA2LENHH L THA.

2 ORELRRO 72012, A7 N VSO %G
JEE LCHERLAMT 22T, ZoOFE2 HEIMNISET
TLOORETHRERE L. ERkOTH 6] TIE, B
KIBH2SWEERIBH SV B pEE, BEREHICH
B 5B O, S HE LTz, ARTRET L Tk
TUE, O & SWEER L PEBICERDD - 72050
DEBZEMTAILT, DAENLDLMEERE DM
RoOMEREZ RO L, 2L C, EEx—2U LERTLI L
T, ®AHFENND B EER L BIROMEROBEEZUEE L

© 2012 Information Processing Society of Japan

SWZOFERHIN 2 LTH 27 PSR E 2 5
L9 T 5. BEROERZEY RS Z & THEIWIZHHT S
N7z AT MBS IEFRIZIED 0% FB % 8 L Che
RBTHILT, COREVPRZULELEMHERLT.
KEEOWRIILTOEB) THAH. T, KETIIE L
DS 2T 572012, WEEROWE & EEEE L 13
fAIPIZOVTERE LT L. RIZ, AR TIRET 2 FE0H
WbV 7 MYy 2 T BEERICET 5 AT PVGHTT
FEEMIT S, 4T CTHE 2 ORMEM Z T 2 RETFED
FIEZFEHL, b WTEOHRITELET 5 Y — I QRAST
AR 5. 6 ECIRETEOFMIER & Z DR EZ2RT.
RRICELOEARDOPERRRD.

2. REEKOATELEERE

SCHE [5] IS B W T BEZERIE [EORER < BEREZR Y
BITENDLDERRTVAE] LEHRINTWES, 72, 4l
DOICHK [8] 12BWT [FIHICHT 2 BARE ] 25HE &)
HEDOEFRD 1 2L LTRAMSNTED, IR [5)
DWEERDEFRE LT 5. 6 XY BRI
WREE R ZBHiT 2 ERTH L L EZ T LW, Lk [9) 12
X2k, Wl (measurement) (X (measure) e
LATETHY, WEEFY 7 by 2 T7EERLTOE A0, H
LEWORE, &, K, Fx X 741, A XxT 5
EERNZREZH525DDLERINTVAES, /2, 20
I RIS EITLTY 7 by 2 TR Ta A
WCNTES BB - B E 2 BT 5 56)) (%)) insight) %
BZBRITNER S hwE bl _sNTw5S.

FNEFNORERICBWT, £ k) REEHOZEITD
BE (WEER) ICHEETA22ERL L. 728218, oK
BECIIMEVWFETFORSANER &1, BIOKEE TIEREED%
BELENWC EPBRITORSE LTEESNA. T2, B
MHEOFITORSZFEHT b H L. FITORS (i
HER) oL T 572005 %07 [10], [11] A5 <
OPHEIEL, TOLSH B yusiL, ok nEEO
HERICEATREDLORE L2 5.

HBHVT M T OERMAFEEFEICBNT, EOMEOG
HERDPEMR SN T L 0055E T E L, s ldilleEst
ZTHEY T M TERWET LI EDUREL b, 2
2L, FREEOY 7 by 7L, EREEO SR [FAE
FEWCEMRLTBY, 2OV 7 by 2 73R, 5H
HOMEERPERL TWAI LT TICHEI LT
%[6. bL, MEHEHOY 7 M7= 7OMIZBWT, BEHL
TWAMWEEROEERESVWSRLLOTHIL, £
LOADOGEERERIGEV R H S0, b LI, FEHEE
WX EBELRLY TN 2T THDHID, EMbD 72012
BEHMICERT 2 MEZEROMHRLESVELZ TN LD
DELLRTHAD. HIHEDEE, BIETRER) 2D
LDTEL. BREDYE, BRERZITo12HDERDE

511



BEIEF =R EE Vol.53 No.2 510-522 (Feb. 2012)

R 1 HEROERE, HilzEE, fEL2HE0ZNECIOIEF (ERIILE A IZo0

T, AEREILEBIZOWVT)

Table 1 The ordering of quality requirements based on their importance, the order-

ing based on simple ratio of functional requirements qualified by each quality

requirement and the ordering based on revised ratio. Left table is about a

document A. Right table is about a document B.
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Fig. 1 Basicidea of spectrum analysis for quality requirements.
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Fig. 2 Basic idea of spectrum analysis for quality requirements.
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HIWr 2 ANEE $5 2 THA. SAhis TIEH LW TCM
(ffE# 4} & TCM: TCMp: Term-Characteristics Map with
probability) % 5. TCMp % BT 5 LB R WIR
D, SAhis (ZHBIWISETT A Z LA HETH H. TCMp
REIT HLEND L PEPIETEAIHBT AL ED
H5.

4.1 TCMp OEFRNEEZLH

V7 by 2 T LEOST TR, BEOERBEEZIHNT,
PRBEITE 2RO, AE)RLTHEIT) 2 L5 —HMT
HoH. 7oLz, R, FZRREM, KO T %247
IFEFREINTVL 19, L2L, V7 by TR
W b b, &0 L) BEEHIZOWTORERE)
SEIZEHTREPMIAWTH L L3 v, FEE, I
HFFREIIBVTY, Lo k) elllEMss, REBEITFYIC
HOZRMEY ZITH) T LITHE L2 DONIZOVTO LR
ENTWE, e xIE, FE[19 TlEv—RAa— FMik%x
W, AW, BRAHO 3@ ICGET A LT, RED K
FErmdEiLTna, IHFH6) &, ZREHTODH
LB OB E S L12, B A MEERIERIEH 21560 L
TVLPEPEHELTWS, LArL, HHEREHIZY
R SHEL T, 29D A MEERIC L o TERIEE
BB ENTVEbITTIERW. 22T, BEISHLE
H LRI 5 ZREBEOF T, ZOFEMSLBIL
TWAIZERRIME LT, 2 MEATERICBHi SN TS
EHIMTCE AR RIEBEHOEGICERT S, ZOHEG%,
MEFEMSHIT 5720, HAHMETRICERT S L v)
FHORENRS LS, ThbbiERl(ET 5. RETRE
T AOMBEEZ A2 AR MVSHTEL, 20 X9 %K

FIHEDEIMEIN TN D ._wﬁm#ﬁé#§#u6$

TIRTY.

K2 12RT L1, kD TCM O+ Vit 05 1 DfED
&kb,%@tﬁgﬁﬁwﬁﬁwﬁﬁwﬁﬁbﬁﬁi&w
X 312H 5% L9112, SAhis I2BI1F 5 TCMp TlE, 01l
%%ﬁ@lﬁﬁoﬁ%1®W®%+ﬁ%tévtﬁfé%

HHEE L 72, B3 VT, TCMp % M7 SAhis
%t@iv CEMT A EHAT A, K2 O TCM & [k
12, TCMp 13d 5 TRIEH & & 2 WEERIEH DR DH
LOEDLOHWIHHENS, M2 12HLIAFETIE, =
@%ﬁ@ﬁ%@&”%ﬁbfwtﬁ;&mmfd,ESK
HHEHIZ, TOBEBROFEEIZONTO NS 1 DR OFRE
il (722 21303%06) i) 2L %iFL, EORE,
BB 5EL L WPERTIEDNTELLINIITS. /22
X, 3 » TCMp Tl&, 74 “TCP” 2SHHIRY % ZRkiEH
1E, SWE PR “interoperability” & 7 0.9 TRARAH 5 &
Wy ZkE, “TCP” & “interoperability” M3 A D 0.9
T/RLTWA., —J, “bookmark” & “resource efficiency”
DAEEEIZ 0.6 TH D728, “bookmark” ASH LT 5 ik
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term-characteristic map with probability( TCMp)

resource ef. [changeability |interoperability |security |compliance | ......
bookmark 0.6
offline 0.9
fonts 0.9] 0.6
printing 0.6 0.7]
digital signature 1

change 0.9
TCP 0.9]

Functional Req. (FR)
Quality Characteristics

1SO9126 characteristics

Func. Req. of a browser

1. [ book mark]shall bee—]

supported. P Resourcee fficiency
-' o] > Changeability
2. |offline|browsing l»  Interoperability
diall sz . > Security

(0.6+0.9+0,9)/5=0.48

X d1 1ta131 ature §
{

0.9/5=0.18 175=0.2
shall be accepted. : e P |
Resource Change Interop. Security
B 3 SAhis (281 2 mHERO AT PV

Fig. 3 Spectrum Analys1s for quality requirements using

analyses records (SAhis).

JHH % “resource efficiency” (22 W TR T W 5 (L
Hik D “TCP” 2SILBI4 % ZKIEHHE 2% “interoperability” LZ
DVTIHRRTWVAIERI VRN &2 5. %3, TCMp
DEFDZEIE TCM L AfEIZE T 2R LTV 5
Hz@ﬁ%&fi H D EEEROELNE JM?%
72912, AU ME TR EERY» S 5 ZRIHE K
aﬁtfwt.&mmfémﬁ’, B R D E Y
FEEREHNT 5. 2720, BMICERHEERE AT 50
TE% <, AiRoOEREE G 5. 2B, ZOEFHH
FIHTFE L FRRICEREERCRAE T 2 2 & TIERILT
A, 728 ZIEK 3 Tld, s EK “resource efficiency” &
3ODEREHMNERL, TNENEROES VI TCMp
2L 906, 09, 09 TH5. £oT, HWEEK “resource
efficiency” @, ZOZRIAE) A FOEEEIX, ki3>
DEEVOEFT 2 EREHOH 5 THREEIT-72MH, T4
HH, 048 (=(0.6+0.9+0.9)/5) &%&5. H¥ﬁ£?i$
#120.6 (=3/5) &% %A%, SAhis TIE, SHWEZERZDS,
%h@%iﬁﬁ%%%bfw%#@#@%$_%Oéﬁ#
MIESNTWA, 4 OFERIER, FiDXH12, H55E
MOBHT AEREHOT T, HLMEERICL>TED
FOREHPBH SN TV EEOEEGTH L, 728 21
LA OB D 5 EERE LIRS S6, RIDW
EWNTHLEEZONLIZD, FOEMN % &TCERIEHIZ
LEOMWEERAER L TV EZITRL LN TE S,
—F, HHENORBILD L MEERERTHELH D
L, ZH9THWEELHo-THE, HBPMEH TS
We RSN, oMY G EREE YO MmE R
EENEZEEHL TV WEZITINAZ EDITESL., Lo
T, HEHENDDDMEERERL TV L EROEKLY A
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WT, LEMEEROBEZEEOESROFIEICFHT S Z &
3ZBTH5.

H % BFORHE P H—OmEER & DBRE R T EBOE
&R L TWze, TCMp 1238 T Y a4 384 & B3t
HER L DR KMELZ A5, X 3 OfTIE, ZEK
THH 4 121F 2 DOFEA) “printing” & “TCP” 28 ENTHB
D, ZTNENOD “interoperability” & OffEZIL, TCMp 12
L2L06BL009THL. ZOWREITIE, ZRIEHA 4
& “interoperability” & OFEZRITHAIED 0.9 £ 5.

4.2 SAhis DF{Tik

B 3 12B\WT, SAhis & £ D X ) I2FATT 2 H % 61% H
WCEHB L7, B 4 12BWT, SAhis # 57— % 71:—!
(DFD) # MW C#HM L, SAhis I8 W Ta2SHEIRYIC
TTE, 2 EHMIHE L 200 Ud% 6 vk %Eﬁb‘%
T4, %8, M4hoREELIEAD L ITHEHEZR
LTWwWa., ZOKTIE TCMp DAEEEFEE 0.6 % 0.9 %5
INEETIE R, 4/5 R 1/10 055 TR T 5. 4.1 Hio
I Tk 72 & 912, TCMp (2B BHEREIZE &2 HKD
§ﬁﬁéﬂé.iof,%+ﬁ%ﬂm?éﬁ_ I, kR
INBDFELOEITERIE v GHEE IO W TIZRET T
HWI2)., $72, FOTF—F 70 —IZHNET— 5 OFF
L, 7= 70— AxLd LZMATLDT—F A b
7 (4T, BE, /- N, AORVEE, LAETER
i) RSN TR mNbsbDET 5,

B 4 12R9 &9 12, SAhis ® A1 TCMp (EH D
“oldTCMp :TCMp”) L ZERIHH Y A * (“systemX :Reqs”)
THb. Tt “systemX :Regs” D A7 b (HFD
“Xspectrum :Spectrum”) T 5. KHD 7T+t X “pickup
terms” (2BWT, ZRIAH L ME RO (K3 o
JENEEICARY) AHBIWICER SN, ZOBRET—5 A
k7 — “RCM” (Requirements Characteristics Map) (2
HHICHRAE S NS, “RCM” D7 — #1137 H+E R “sum-
marize” THEJWICMEZE R L IZHEMEL, EBLS R,
T — % “Xspectrum :Spectrum” 51 & L TER I NS,
4 127”9 & 912 “Xspectrum :Spectrum” ¥ 7 7 &
LTHHIiELTh L wl, fioA~R2 + T4 & DHEDES
FELTH v, LR L)1, AxT MT2A0AKIZH
BICAT) SENTE S,

X4 HFicdh B E I Lhoflx v, X EARHICA
N7 MVOEREEFAT A, “systemX :Regs” DR E H

WZHDEHIZ3OOEREHNS % HFREH Y A M %
ST A EEMETS. TCMp 1 “oldTCMp :TCMp”
DOREHLIZHSD 3x3DTCMp 2FIHT 2. FRIEH
1 & 3 13FEA] “term?2” % & A, TCMp 12X % & ZDFEA]
& “YYYbility” & 4/5 OFERTERL TV 4720, o
“ROM” OMEH LIZH D L HIZ RCM IZBWT, ZRIH
H1&3BLD“YYYbility” & DREOfEL 4/5 (2 HEIRY
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XxXbility Y Y Y bilit bili
ter! 02 0 12
ccccc s [Casd| s
term3 210 1/10 010

oldTCMp
: TCMp

P2 =L systemX

i 3...shall .A,.’.-"'] : Regs

[XXxbility [YYYbility [ZZZbili
req. | . 45

Xspectrum
: Spectrum .

Anaxxx
AMIQAAX

Dm0 [ m
| Qemp [Cor>
i |term3

Reused in next SAhis

4 GHTEEEZHVCTARY MVaHi 2479 FIEE TCMp OBEHFIE (DFD (2 & ) Fdik)
Fig. 4 How to perform Spectrum Analysis for Quality Requirements using Analyses
Records (SAhis), and how to update TCMp written in DFD. A process SAhis

contains an internal data store RCM (Requirements Characteristics Map).

ICRRESNA. B, ZORIAH 2 121F “erm2” (TP L T
Wiwbobls s, M3 OFLFEEEC, “YYYbility” O
TR (4/5+0+4/5)/3 DFEHARIRE R L. BER 61T,
“systemX :Reqs” 1 3 DOZRIHH 26Kk S, T E
L& “YYYbility” & ORIMROMEIL, 224, 4/5, 0,
4/5 725 T A, MOMEERIZOW TS FAROFIHE %
1TV, #ERE LT, B “Xspectrum: Spectrum” % ZE R,
THEIENTES.

4.3 TCMp OFE#HE

SAhis D H#ER O M E 1E TCMp D SVE AR 5 72
B, TCMp # D X ) IAEK LEHT 2 NI EELBET
HH. MA4nF—r7u0—iE, TCMp 2 &DXHIZHE
Fyrro7atx (MHO “update TCMp”) b HAT
W5, HL5HORELEEEDBITS TCMp 733 T
WCHEAETADTHNIE, ZOT O AL ERTTLLEIIR
W, TCMp 2YZ5%E LBHEMED BT A2 0 EHE, Z O H
SIEMEDHIMT A2 b, 4.1 OB TR X
912, TCMp IZBT BHEROMEIE, & 5FEMHSHIT 5%
KIEHOW T, EBIZ, TOAPHET L7012, 5
T ERIBAT S LTV B LI S 7 EORIEH OB 0 E|
HEHCTWAS,

RO 3B OFEREH ) A N 2RI T 5B
TCMp FHFEL Tz, AT MVGHE % G E
DEBIIZET L TS & 7o, ) O R 15
D%, HLTWIIONVTO, WD TCMp 2 {ER L %17
Wb hw, 22T, HAERKEHY A MR 5HEIC
FEA) “term?2” DE TN TV EEL, ED L) IZHRID
TCMp 2 1EKT 5 23T 5. “term2” 7& F N R WVER
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HEEREOR I L 2w, 5, oElE, 2
D5 HHOWER R LHEr ZNENFA, TONKELH
Bys., 2T, ZNEFNOEHEDEDHEENR & GRS
HEPRHW LTI RS R, ]IS, 2O5HAD)
5 4 HHEDEER) “term?2” BEHIENTWE E W) HEENS,
“YYYbility” IZBIERD S B &AM L72& 35, &
72, 2TOSHEH®H B 1HHDREN “term?2” A EFNT
WhEW)HEENS, “ZZZbility” I[CBRD D B LT
M L7cE3 5, £ LT, 3 “erm2” BEEN TV 5
EVIHEI, S, “XXXbility” IZBIRADH B ERIEH 1 7%
Dol L P EDHM L2 T 5. 20X YRR E
bz, 4D “ldTCM :TCMp” DIREH LIZHAH L9
WD TCMp 21T A Z EHNTEL., THA, MY
® TCMp (I EAEBIRAER L T L.

BEAFED TCMp = Mk RICEDSETHHTA5LE6TH,
GHTE O LB 2 IR 2SI L 72 5. TCMp &, X 4
?O 7B+ A “update TCMp” T, :RCM O 7 — ¥ [THD
XHHTAH. Ut A “update TCMp” D AJJIZEEAF D
TCMp ([ “oldTCMp: TCMp”) & R D55 Hr i 5
O “RCM” TH Y, HHIEEH Sz TCMp (KD
“newTCMp: TCMp”) TdH 5. TCMp TH D= 121,
“ROM” IZHRAE S N7 HENW = TR R %, ST D NG
RREREL, MR LES 2T NELR 52w, XFoflics 5
“RCM” TlZ, ZRIEH 1 & 3 2%E4 “term?2” & & A TW
B7:%, “oldTCMp: TCMp” 120 %, ZnFhomHE X
“YYYbility” & 4/5 DR TR D 5 & FBYAIZHI &
nTwns,

TCMp % BHi2iE, T 2 DOERIHH A “YYYhility”
ERBICERA D B E»OHIMRERER VS, 20720
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| make TOM and Save ~ | || Auto Evaluate +

ave I Save All | o Export to OGSV | 7

] Arrange Vertical [ 1] Arrange He

NewSpecSheet(s)

D Senter

Suitz Acet Tnter Com Sect Mat. Faul Rece Undk Lear Oper Time Rest Anal Char Stab Test Adaj In
00 o0 oo oo oo foo oo oo 00 00 oo (oo o6 oo oo 00 oo [oo g
00 00 (04 D6 00 (00 00 DO 00 00 00 (00 [0 (00 08 00 00 o0 |0l

> o 00 o

ipported vis TOP

[] Edit For All Sentences

D Term Suitability Accuracy | Interoperal Complianc Security  Maturity  FaultToler Recoverst Understan Learnabilit Operability TimeBeha' Resol
161 |pritie [P0 0/5 [D00/5 [@p21/6 [2D63/5 [Poo/s [poos (oo [Doos [Poo/s [P0k 0005 [Dooks (Do
161 ToP [poos [poo/s Ehs4/s [poos [Doos [poos P00k [0k [poos [pooss [Hoos D00k (Do

| >

-
TermlD Term Suitability Accuracy Interoperal Gomplianc Security  Maturity  FaultToler Recoverat Understan Leamabilit Operabil A
3 printine 0005 (0005 02145 (0686 0005 (0005 000/ 000/ (0005|0005 0006
+ digital signature  000/5 D00/ [000/5 |000/5  [063/5 000/ D005 (000/5 0005|0005 000/
5 change 0006 0005 (0004 000 000 0004 0006 0004 000G 0005 000
& TGP 0.0 0/5 000/6 0845 0005 0005 0.0 0/5 000/6 000/5 00 0/5 :[IEI[I/E 0.0 0/5 #
< | } 3 |
=)

@ I

5  SAhis FI7HE Y — )V QRAST O {1
Fig. 5 A snapshot of QRAST, a supporting tool for SAhis.

2, ZRRIEE 1 L 3ONEEZGHEFERL, ZhEn
DI HE 2 “YYYbility” & KB IZERDH L2, DL L
726, ZOHHIE “term?2” HSHIL L T\ 5 720 0 %
LT E e o, ZRRIEA 2 1&, “term2” 2AHBIL 7%
W7z, “term?2” (2B A TCMp O EHIITFIH SNz
W, 7ol 2, BECRIEE 1, 3 & 512 “term?2” BT S
728 “YYYbility” IZBRDH B 2 & HTIE L\ & 405 A
Wr L7236, TCMp 28175 “term2” & “YYYbility” &
R OMEX, 4/5 205 6/7 (= (4+2)/(5+2)) IZHHFS

B, RGBS N 2 FERHEE 1 L 3D 2HOE
KEHZRT. HricBEmasnz2 bFEETHS. dL,
EBIWCIEL L v EHTEDHRT L7234, TCMp I8
IJ% “term2” & “YYYbility” O HOfEIX, 4/5 75 4/7
(=(4+0)/(5+2) ICHEHHFHENE. X4 OBITIERIHD
HIA SN2 E 2RI TS, b, BEHEETHHR
WL 723801, o TCMp 2Bk 2 @ & [k
MEREET S, ZOHEFENE2S TCMp O a8 Z [\ [ S
D5 ENTELNENT 6 ECTHERT 5.

5. XYV —JL QRAST

SAhis DFAT % T 572012, ok 12 QRAST (Quality
Requirements Analysis Support Tool) &9 7 — )L % 3{{E
L7z, 2OV —)VIEK 4 12H % 7R “pickup terms” &
“summarize” & HEJIJIZATV, 27 0 € X “update
TCMp” ZZFATT A720DHEEATH. V= VIF C#THE
BlanTBl), CEROFEMZ#EHNT 5720120880
FIRHTY — v [20] ZFIH LTV 5,

B 512V — VORI Z/RY. ERERLT(T5700
2, FEEA 0.5 LR VIZHL W (KX 7) Tilgi s h
Twa, M5 OFFEBIZIE, X4 @ “ldTCMp :TCMp”
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IZH4§ 5 TCMp A “NewTCM” & T X)UAFHIF Sz
4V F7IZERKRENTWE, “RCM” & “NewSpecSheet”
ETNUFIFENTEEROTA Y FYICERRENTS
D, ZZITE32OERHEAHNR R TWAEH., ZOWEEH
TIEEKIEE 3 “printing shall be supported via TCP” A%
TA—HAINTEY, BFEHEAH,S TCMp [ZEEES N
72 2 D OEEA] “printing” & “TCP” % HEIRICIR & H L,
TCMp D Z N5 DFEMIHK G Z4T & K228 L C
W5, ZOHNZBITA TCMp TlX, “printing” (3 “Com-
pliance” & 3/5 DIERTHMB L T L7280, Tl 3/5 %
FURIEE 3 & “Compliance” & OBHEOEEWE LA, —
77, “printing” & “Interopera(bility)” & 1/5, “TCP” I&
“Interopera(bility)” & 4/5 DR TR L T b 720, K
SV DM 4/5 SERIEH 3 & “Interopera(bility)” & D
MEDOESNE RS,

6. &M
6.1 B

SAhis i) K L TCMp % B3 1E$ 5132 L, SAhis
THEIZOH SN B ERDO AR PIVIZIELL 2%
CLEMERTAZEEAARFHIOANE T 4. COHMNEE
g 5721, FaITEBREIT, ZOREETIT LS
Lt

4.3 HiCHLHI L7z TCMp fifl O B3 1 —FE OB [21)
THb. €hb, IT, FHT—5L LT, »oiEnsih
B2 EREHICOWT, ZOENPHHT L7720, 20
ZURIE & % i B ERIAEHG S LT 2 Fi) & AT R IIE
PONET L. ZOFEEF -7 IO EMHEREEFIAL,
HERAE D SR OERIER A, & 5 MEERIIEH
ENTVELEPEI D ETHLTCWLINLTHL. B, £
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COBMFEEIZBWTY, %87 — 5 BRI 80 2K
REBIHAELICREICESENEE S 2 200, F72,
TUREROEA 2 MRS 572012, ERPLETH L. K
AHEOHE %, BEMEE OWEN bR DL L, 4.3 HTH
N7z TCMp O EFHFICEDEFEH 2T LI L12L -
T, FUFERDPIERISED S O ZHRTHZ LT, B
WEDPRZETHLENEPCHH T L THA.

6.2 EERETE

F% 4 13 FireFox (FF), Internet Explore (IE), Opera
(OP) ® 320D Web 77 7 HOERIEH) A k%W,
SAhis 23517 % TCMp DEFH %2 %4T$ 52 & T, 31t
£ TCMp % 1ERL L 7-.

e TCMp; : FF OZLRIEH ) A s O HIZHS { TCMp.
e TCMp, :FF BXWIE OZFERIEHHA ) A M2HESL

TCMp.
e TCMps . FF, IE, OP ®ZERIHH ) A M2 o <L
TCMp.

nB, TNEFNOEKREH) A MIENENDT T 7
DANNVT T 7 AN ES EIEESDPER L7z, ZERIEE M
WCIREEEOEI RV DL Lz, T2, ERICE LTI,
BHOEREH 2B+ 2 MEAERE T Lo TRl
SELTHMB L. ThICEkoT, 2 BTSSR LAMES
RREL, SREAETRLRRTIENTES. TCMp
DEHFHOEEDHI LD 1 A 107,

Fieo 3o TCMp vz v, FF, IE, OP
ZFNEN%E SAhis [ZFEDWTHHTL, METRARZ MV
% QRAST #H\WCHENWICHHE L 7.

Wk DM H 20 5, s 1x LY #&itto TCMp % H
WY, ERICEVWERELTWA. ZOHRE
WA 72012, FNENOTERIEH ) X b OEFD
W ANRY NVDSLETH L, FIT, A ITIEMOSE
ARy NVOFER A BEMRICEE L7, ZOHMRIET L
EJR D Web X— PIEREH I 0boTBY, £HD T
TAIKE L TWD, ZOHMRIIAIETO TCMp &
HH LA EIZHIANTH .

DO AR MV SAhis 12 & 5 AR MVOFLMYE
HWET S LT, GHAERDPIEFRIE NG %2 HIW T &
L. ARZ MWL RICNZ NVO—FTH 5720, HE
PHEOREL LTCat A VEUETHVS. X7 ML a
L b DY A CHME (cossim: cosine similarity) (ZELF
ThH5b.

cossim/(d,b) = Grbit o dn % by
' Vai a2 s\ 0 b2
20PN MVPEEIZ—HT HE5E, TOfEIE1TH
L. EERDO AR FIVIZIEDEO A TR S5 72
O, TV A VEPEMMEIXO»S 1OEE LD, T A v
HPEIZ 2 20X 7 N VEIOAED I A MEF/RL TV
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x 2 KMo TCMp %\ 7288 O 5k B O EM & OBPE

(F4) TFR)
Table 2 Similarity between the correct spectrum and a spec-
trum analyzed using TCMp, TCMp2 or TCMps3 (De-

gree of angle).

FF | IE| OP
TCMp; | 26.0 | 30.7 | 10.0
TCMp, | 100 | 13.9 | 7.7
TCMps | 80 | 7.1 | 3.7

BH0%, X7 MVOREUE Y L0 EKWICEET 5720121
N7 MVHOAEZDOLDDVHMTH S, MEAERD AN
7 NVIZIEOMBEOATHER SN Z &5, ML 0 Ex
590 EnfEx &b, 7282, VA VHEUEIZBWT
0.96 £ 0.99 &£ ®#%IE, 0.03 THH, &0 ) AENF0~1T
HHIELEEBTDLE, 3%DEE V) T LI L,. L
L, fEICERT DL 168 8ELRY, ZDED S EIX
8.9% (=8/90%100) &7V, IH A MEIZIABXZ 3R
DENHH#HTE L, TOEFZIV AV EEISHIZEE T
TWZ EIGERT A, F2T, I A JHEPE (cossim)
U TOERCTHEICER LD 02 EBERICHHT
L. ZOMEN0FEISETIE 2 o0y FVIE, X b DL
LTEY, 90 IR, AT 72 RO R WA
7 RIVEW) ZEIZhA,. BB, arccos T A VK
ThH5b.

-, -,

angle(d, b) = arccos(cossim(d, b)) = 180/m

6.3 &R

z 2 L&D TCMp # W FF, IE, OP 1%
NOFERIEHY A b % SAhis I2FEDE A7 MVHT L
TR E IR E OBUEZIRY . RITRT L9125 1 #AT
TCMp; & W72 5E12, 6 3 18 TCMps & 72
BERNERHE LR oT WA, 72k 2L, FF OB4,
26.0 £ 5 8.0 A LTWwWA. X oT, TCMp DAL
MHEALNDL T LI, SIHRITL D IEHEICZoTWwa &
Wz b, % FTIZTCMp, CFF %4H L 72458 & B
EDE (26.0 FEOEIHY) DET—F KT T 7 TH
IRL7AERZR 6 12RT.

6.4 FEH

F2IZRT L HIZ, TCMp DA T SN 513 &,
SAhis 12 & B AT PG OFERIZIERISEONT NS,
Lo T, RFHMiCBI 2HTH S TCMp % BH T IULT
51T E, SAhis IZ X 2 0HHERIFIEL 25 2 LIRS
Nizbwz b, £2108T X912, FREFNROHACTHNT
EN-ERIEHY A MIFF, IE, OPD 31 TH 5. Lo
T, HEHc X o T, #0IC X 2EE D7 BAH E G
AMETAILRINETH L EEbN S, FERE, #1 AL
(TCMp;) &% 348 (TCMp3) & DFHD#EIZDNT
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6 TCMpy CFF 54T L7k &R & OLE (FF 25550
., CorrectFF 2%1Ef#)
Fig. 6 Comparison between the correct spectrum and a

spectrum analyzed using TCMp; about FF.

tMUERAT) &, pEAT0.064 &7 0 5% (0.05) DA HEK
HIZIIE» 2. LAL, HoZe 37 —212B80nwT,
0.064 TH %728, TCMp Z HHTILET 513 &, SAhis
X BHHERIZIEL S 25 AIEH 5 VR B,
LUFIZ, ORI BT 5 ZLU~DOFE L £ L7z,
NEBZ S PEIZEBRC BT B AR O BN E L TH D
PEPTH D, TOEBRTOMYZEHKIL SAhis 12X > TH
MENZARY MV, FLTCEHBDOARY NV THD. IE
fED A7 M ViE SAhis ERFNAER SN TBY, Bz
PERG L 72 BP9 5 13 SAhis ZE B L U4 E D5 IZ v o &
VRS L Twiwv, KXo T, MuyBiERrshcns, 4
ISP R D — IO NWTTH B, Web 75 74
DEAAL YOFERFEHY A DA T EBRTHW 2720, i
DRAAL VTOENTHDDNEDE D JLTHERZ S
DOFEIIES. 72, FF, IE, OP OJEIZIEH %8 72
TCMp DEF DI %> TV 5B L) BT IR S~
DEUIFRS . WERC BRI B DM e BT 5 &
ThHb., MIEKTHLMEERDOARZ PVIE N RIG
(EBRTIEINIZ 20 E) OFHANZ FIVETH B7280, #
DEMEOWE T A VEUEEZHWD Z L3R4 TH
L. FERIZHD LI, FRERoOMRIZBI L 5ER
3 Y L. ThH07F—% % v TRETiE %
fTolz8, RV ORELRERPLRVRY, BYULEE
KiE (5%AREE) T, MWAMOBEMELS#AR L L 2RT I
LV, ZORDORERZ B ENDO BRI .

7. BEEMZR

A CTHkH) TCM ®° TCMp 1&—FED N X 4 Y HFETH
B. TDE) % FXA 2HERE F T ERIER R R T
RATOMGRIEEE D 55, FAA CHRREROPERYGE
CERT BRI v, 72k 2, SCES S ERER O
7DD RAAL Y F v baYRERT B8 [22] %, Web ¥
A=Y 7 TRXA YA UET S8 23] AL 5.
L, INSIRERERDSY =7y FThY, ks h

© 2012 Information Processing Society of Japan

TRERALRRE A G - BT T AL ABIEL LT,
F 7o, WEERD X BRI 2 5 BRI D L
LTWawy,

FHEER X 2) 7 A FOWEAERIZONT, ZOLNX
VEHET B 720 OBFSE [24], [25] 135% {fThh T3,
KA OMRIZZFOHMIEE L TWAED TR L, WEER
Y 0, EHREINTVELENERLTWA,
BEREZROBELZWNET S 2 L RERMHEZDOEEMERIE
Lk (correctness) IZRIFR L [1] Fex 3R FET 5 A7 b
WAHHED BRI 2R piid 3 B CTHMEATH 5. HHEE
DFEIZEH L7z 5 3CHk [26) Tl, HEEEORE L 710
T/ PO EOMRICER LI HERL T 5.
COMETOERNS, AFEEOMEE 7O =27 DL
Dk ORI REE 2, AEEOME % LS5 56
352 T, —J5, AXZ MV, L 7B
MR L DIBICED &, BAMICERDPARL T b
BEREZRBTAZENTEDL, ZNIZE-T, HHEED
WEENESELHEEE5RALIENTEL, BigERD
AR A RRERIOIESE [27) bME SN TWwA. Lol
COMFZETIRAEERICIZER LT, & % SCHE [28)
TIE 1S09126 DS FITERIEHR ORI TIEH T ) b
TWHRWE W) HEDH L. FTADOTHEIEITTICRB SN
72, b LR TRE LRl Sk 2 o % 720
DFETHL. L oT, BREMGEREIZRR D 1S09126
EONEEFHATAI L 3RYTHL EEDNS.

KEaTIE, ®»AEMPEREEICHEBT 22 L12XD,
ZOERBEHND 5 MEERIBH SN T L hELOE
Bl % WEDGMIEE» HFET— 5 L LTIEL, KD
ZREHD & 5 MEERIBM ST L0802 Tl L
TWwh, TOEZ%, SLIC—RILLIEE, 728 213,
BROGENOMAETICED &, ZREH 25 EZ RIS
ENTVEDPOFNETLIELARTHSL. ZDLI) %
FANI B [21] MR CTILAThRBY, HILFEMD
AT EETEREH & EBICBH STV 0G0
THLFET =2 PBET 5. FIRO X ) ITRRRIZBT
LOMEEDL, CO¥EF—5O—HTHH. AROER
D121, EREHICEINAEHROBENOMEER, Y
FI2E o TR T TEE L2288 247 b 7% <
ThH, FHELETFMSTELIEERELIETHL. B
GEMFEEHWZTIICE - T, EORE, FHlRE
M 92 0% 5% LTYE 7w,

V7 Ny THE TR, WEOSHTIEEE % R L7 R
BEIFEWICE ) FREIT) L 3L fTbhTwna, 72k
ZAE, CHK[19] TIE, BB, TH, REHEoFiczo%
AHEHEHAL TS, 0L BFUNETITAT14TH
RKIZAEMETH 205, MICEkSE, MxFHT 200, H
BICiE . ST [19] OB ClE, BTl 21T 729012,
V—23— F&HE, BIE, BAHO 3 ) 258751

520



BEIEF =R EE Vol.53 No.2 510-522 (Feb. 2012)

KAfFoCTwa, F70, HROBHEEIIBLTY, 28
F— g OB LT & IR 2 0 D R E L B R
L d 20 ARCOFHE, MEECTENSLIIC, b
B DSERIE B B 2 L ) B IO &1 E
LTw5,

8. BBHWIC

FORMAEREICB VT, COMEERDS, CORE, B
ENTVAEDPZIET A LIE, FOHMEICHES YT
M 2 THRICAER MR ESZ A, TTICRES AT
BEWEBERDIZODANRY FVEIEZ O XD RlE 24T
A 2ODHED1OTHAH. LaL, FRTEICIZMEL.
Hotz. H1OMERIL, WESNTWINEVEEE L
KL TWDL2ELORFDFT5IfTbRh T o7zl
ETHDH. 2 ORI, SIS EBRHIALETH
L7280, FOFTDNENTEP o720, BEICE-> T
o IR R oDV TN H 722 L TH D, Ky
T, IhHOMES TR LRR LR L7

1 OMERIZOWTE, BT oF4 L EB A E L
T, EORMAARENICB U 2 HEEZCRIHE 2156 L TV 54
ERBEEELRAZ LTI VE W) A7, 42 OE
FUZDOWTUE, TR OB D 2 Ml DR %
ERTH LT, AT MVAHET O EBIHI % R,
bLAIBHIRT 2UBEEEEZERL, fHiiziro72. 4%
BLERTZE TR L 72 & 912, SHOBMICER LML
BWAEZ1T) 2 LT, FHMME 25D 5 2 LA EENS
P aRRE L7z,

SE Xk

[1] IEEE Recommended Practice for Software Requirements
Specifications, IEEE Std. 830-1998 (1998).

[2]  Hamilton, D., Covington, R., Kelly, J., Kirkwood, C.,
Thomas, M., Flora-Holmquist, A., Staskauskas, M.,
Miller, S., Srivas, M., Cleland, G. and MacKenzie, D.:
Experiences in applying formal methods to the anal-
ysis of software and system requirements, Workshop
on Industrial-Strength Formal Specification Techniques,
p-30 (online),

DOI: http://doi.ieeecomputersociety.org/10.1109/
WIFT.1995.515477 (1995).

[3]  Sengupta, S., Kanjilal, A. and Bhattacharya, S.: Re-
quirement Traceability in Software Development Pro-
cess:  An Empirical Approach, IEEE International
Workshop on Rapid System Prototyping, pp.105-111
(online), DOI: http://doi.ieeecomputersociety.org/
10.1109/RSP.2008.14 (2008).

[4]  Ohnishi, A.: Improvement of the Correctness of Scenar-
ios with Rules, IEICE Trans., Vol.89-D, No.4, pp.1337—
1346 (2006).

[5] Blaine, J.D. and Cleland-Huang, J.: Software Quality
Requirements: How to Balance Competing Priorities,
IEEE Software, Vol.25, No.2, pp.22—-24 (2008).

[6] Kaiya, H., Tanigawa, M., Suzuki, S., Sato, T., Osada, A.
and Kaijiri, K.: Improving Reliability of Spectrum Anal-

© 2012 Information Processing Society of Japan

[14]

[15]

[19]

[20]

[21]

[22]

[23]

ysis for Software Quality Requirements Using TCM, [FE-
ICE Trans. Information and Systems, Vol.E93-D, No.4,
pp.702-712 (2010).

Kaiya, H., Amemiya, K., Shimizu, Y. and Kaijiri,
K.: Towards an Integrated Support for Traceability of
Quality Requirements using Software Spectrum Anal-
ysis, Proc. 5th International Conference on Software
and Data Technologies (ICSOFT), Athens, Greece, IN-
STICC, pp.187-194 (2010).

Kan, S.H. (), dIlERE> (BR) : V7 by o7&
BLAORELET IV, 7T (2004).

Pressman, R.S.: Software engineering: A practitioner’s
approach, 5th edition, McGraw-Hill computer Science se-
ries, McGraw-Hill (2001).

International Standard ISO/IEC 9126-1: Software engi-
neering - Product quality - Part 1: Quality model (2001).
Chung, L., Nixon, B., Yu, E. and Mylopoulos, J.: Non-
Functional Requirements in Software Engineering, Aca-
demic Publishers (1999).

Eds., A.A., Berander, P. and Andrews, A.: Engineer-
ing And Managing Software Requirements, chapter Re-
quirements Prioritization, pp.69-94, Springer (2005).
Giesen, J. and Volker, A.: Requirements Interdependen-
cies and Stakeholders Preferences, IEEE International
Conference on Requirements Engineering, p.206 (on-
line), DOI: http://doi.ieeecomputersociety.org/
10.1109/ICRE.2002.1048528 (2002).

Saaty, T.L.: The analytic hierarchy process: Planning,
priority setting, resource allocation, 2nd edition, RWS,
Pittsburgh (1990).

FEHEEA KL E BRI Y A 7 LR EFER S AT L%
T AT LR D INEAREEER Y = 2 7V () (2003),
ATFSE (http://kaiya.cs.shinshu-u.ac.jp/i30728aj/) (S
2011-08). AV PF W) ¥ 7 IFHEHEL T EzOERE
ZH.

Ncube, C., Lockerbie, J. and Maiden, N.A.M.: Auto-
matically Generating Requirements from ¢* Models: Ex-
periences with a Complex Airport Operations System,
REFSQ, pp.33-47 (2007).

Objectiver: Modeling tool for KAOS,

available from (http://www.objectiver.com/) (accessed
2011-08).

Kaiya, H., Tanigawa, M., Suzuki, S., Sato, T. and
Kaijiri, K.: Spectrum Analysis for Quality Require-
ments by Using a Term-Characteristics, 21th Interna-
tional Conference Advanced Information Systems En-
gineering (CAiSE 2009), Amsterdam, The Netherlands,
LNCS 5565, pp.546-560 (2009).

Humphrey, W.S.: A Discipline for Software FEngi-
neering, Addison-Wesley (1995). The Complete PSPSM
Book.

A morphological parser for the Japanese language
(2007), available from (http://chasen-legacy.sourceforge.
jp/) (accessed 2010-12).

Witten, L.LH.: Data Mining, 2nd FEdition: Practical
Machine Learning Tools and Techniques, The Morgan
Kaufmann Series in Data Management Systems, Morgan
Kaufmann (2005).

Kitamura, M., Hasegawa, R., Kaiya, H. and Saeki, M.:
An Integrated Tool For Supporting Ontology Driven
Requirements Elicitation, ICSOFT 2007, 2nd Interna-
tional Conference on Software and Data Technologies,
Barcelona, Spain, pp.73-80 (2007).

Kaiya, H., Shimizu, Y., Yasui, H., Kaijiri, K. and
Saeki, M.: Enhancing Domain Knowledge for Require-

521



BEIEF =R EE Vol.53 No.2 510-522 (Feb. 2012)

[24]

[25]

[26]

[27]

[28]

[29]

ments Elicitation with Web Mining, Proc. 17th Asia-
Pacific Software Engineering Conference (APSEC
2010), Sydney, Australia, pp.3-12 (2010).

Kumar, K.S. and Misra, R.: An Enhanced Model
for Early Software Reliability Prediction Using Soft-
ware Engineering Metrics, Secure System Integration
and Reliability Improvement, pp.177-178 (online), DOIL:
http://doi.ieeecomputersociety.org/10.1109/
SSIRI.2008.32 (2008).

Mellado, D., Fernandez-Medina, E. and Piattini, M.: A
comparison of software design security metrics, Proc.
4th  European Conference on Software Architecture:
Companion Volume, ECSA’10, pp.236—242, ACM, New
York, NY, USA (online), DOI: http://doi.acm.org/
10.1145/1842752.1842797 (2010).

Knauss, E. and Boustani, C.E.: Assessing the Quality of
Software Requirements Specifications, RE, pp.341-342
(2008).

Espana, S., Condori-Ferndndez, N., Gonzdlez, A. and
Pastor, O.: Evaluating the Completeness and Granular-
ity of Functional Requirements Specifications: A Con-
trolled Experiment, RE, pp.161-170 (2009).

Ozkayad, 1., Bass, L., Sangwan, R.S. and Nord, R.L.:
Making Practical Use of Quality Attribute Information,
IEEE Softw., Vol.25, No.2, pp.25-33 (2008).

Menzies, T., Greenwald, J. and Frank, A.: Data Min-
ing Static Code Attributes to Learn Defect Predictors,
IEEE Trans. Softw. Eng., Vol.33, pp.2-13 (online), DOI:
http://doi.ieeecomputersociety.org/10.1109/
TSE.2007.10 (2007).

BE AZ  (E&R)

1994 FH T R4 (T5) B
. R, BINKRFT SR, E
SRR % B W%

R BR—

2010 £EMRFEL (TF) WS

NI =

2011 EEMRFFL () 5.

© 2012 Information Processing Society of Japan

%I 1EFH

2011 SEEINKFBE (L) B,

L=Z NN
2011 AR BEIE LR AR,

BR BZ (F&H)

1977 A RBORF LA LIS, BT,
(EUP NSRS 5 e

522



