R E AR RE R AR
Construct the Multivariate Control System
for Software Development Process



SR EIEL FREFH LR

Construct the Multivariate Control System
for Software Development Process

I A A& Student : Chen Chi Yang
hERE I ERE £L Advisor : Lee-Ing Tong
EmEZEL Ruey-Yun Horng
Bz i~ g
1F1ifpB Ry &
FAdL#m~

A Thesis

Submitted to Department of Industrial Engineering and Management

College of Management
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of Master of Science
In
Industrial Engineering
June 2008
Hsin-Chu, Taiwan

Republic of China

PEARY LS E T



EHEE R FREFA LR

Fgd o gl RSN 3 X

i# &

wE k4 2 R E L H ;Y (Capability Maturity Model Integration,
CMMI-SE/SW/IPPD/SS) ¢ g = & $ri A& ¥ & F RE 2 W'F & Temugiig - 2
¥ CMMI Level 4 #7& fenfied i 4 122 Jf & * 53t @42 § 4(statistical process
control, SPC) & & 4~ #c %8 % & /= 4% (software development process, SDP) » % 7 i ¥
GRE R AL G R A TR AR RARS R R FIR R E i
%%ﬁﬁﬂﬁﬁﬂﬁiaﬁﬁﬂﬁﬁﬁ%ﬂ@%@ﬂé§ﬁﬁﬁ%ﬂ’&%ﬁ@
FRAARS YGRS TG ARG DL R REF R A SR
SPC fis * *t o # 3 B infed o o PRI R - e g B B A
w2 AR EFRE- R IR IR A AR EEL S B AR AT A

CRRIER SR EEEC RS o TS S IR

[84£37] CMMI ~ 5 %8 § 418 ~ o3 B A ~ fofl 1%



Construct the Multivariate Control System
for Software Development Process
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Abstract

In the recently year, the recognizing of Capability Maturity Model Integration
(CMMI) have became insurance‘of quality of a software industry and standard of
international cooperation. The level 4 of CMMI called Quantitatively Managed Level
requires using statistical process control(SPC)to-monitor seftware development
process(SDP). In order to make the SDP-more stable and more predictable, more and
more software companies start using-control chart to-monitor SDP. Although
manufacturing industry have use control chart to detect variation of products or
variation of process successfully for years, the difference between SDP and
manufacturing process make it is hard to use control chart on SDP successfully for
software companies. Since there are more than one software metrics need to be
monitored and one metric correlates with another metric, this study propose a
multivariable control system to monitor more than one metrics at the same time. A

case study is also presented to verify this system does work.

[ Key Words) CMMI ~ multivariable control chart ~ software development process ~

software metrics
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A 35 R R ehig L g B (priority) 22 ¥ £ % fh 2 £ (acceptable tolerances) >
REEIRBSTRELEAFHAAMES dpihEF g4 -

Jalote®L3+ % %3 * R A hie ST Al e e ie § ookt g R[12] 01

o+

Frdpthi 22 e (DRFBFQEREHNE FEQ)F B HMH iz

FRgcg o B9 (D) QBN L FEmA QR LB LBk h o bk Y 5

\\‘5

TR - RERGFHAER Y DP o 4R g A 2R i o

223 4eidp et R

MR € B S ARE S TTUEARR S S (S-curve) & 4 e 7
(exponential behavior) » &l4e © 308 Ff B i & & | o (percentage of code
integration) £2 75 % EL & (code review-progress) ~ BIZE Py Fx e 44k 35

(remaining errors) &2 % 253 f(failure intensity) - B2.2% — i & 3] chdp e o e

BI2.3R L5 5 4p 7 5 e 4p e

=00

150

process values

]
0

S50

o =) ET=) S0 =0
time units

F12.2 4 il o 52[6]
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(ay—Detected arrors per day
15 T T T T

numb of eos

o ; l‘ﬂll L 0
o 100 z00 =00 100 50¢
time In CI:—IyS

B12.3 & 7 dp8cis 5 it d4p (6]
Cngussu et al. [6]#% 9} — B $+#cen Tkl i3 = 2 kAT Bei7 5 0 Fpde ™ -
Step 1 : #-= BELp Ev,P¥# > ld, =log(v),i=1,...,n-°

Step 2 : 3+ 5 ld; b | 3w Eslsfie

Step 3 @ 3+ B 1d; & Isf; hea BB > x; = \[(ISfi — 1d))?

Step4 : & * x;3- ¥ ¥ LA A e %

Step5 : % 1% 41 -
» Manloves Kans =5 & i¢ ' I G A JZS-eurve[16]  #Al4eT
y=a+bXxx+cxx*+dxx3texxt+e
oy dpth  xAFRE o e AR LA -

Stepl: & ™ dho| Tk Mk & FALG fedt W AL B3

=
#

Step2: Jl* MSEm 3% 1 » G = MES -

Step3: 1w fFa 5CL >y +365UCL > y—36 5 LCLA 4 41 M -

224 F#FHEE I H
F AR g (T R B d % 245 (WA. Shewhart) 2.1924.# b F % % 47
Bl L AhE HIM € ¢ 7 - ¢ v (central line, CL) > * &k & 7 & F 4tz T

2 e ¥ ebif g g 41 *Y(upper control limit, UCL) £ & 417 *I(lower control limit,
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LCL) » * k& m R HEFHEF - FEUNF IR DB - FhP TR
B4 P L SRR F P B PR A S (time series) o F BT A 5 A &

s e

Bp
(1) 3= & & ¢ #/®(Control Charts for Variables)

1. T3o@Ee »ped F/B(X — R chart) -

2. Lo L # 4 B(X — S chart) -

3. ¢ =¥ 2304 $IH(X — R chart) -

4. 1w @& 4 > 5 4 B (X-Rm chart) -
(2) #-# & ¢ 4/ ®(Control Charts for Attributes)

1. 7 25 ¢ 4% (p chart) -

2. 7 2y 41 Rl(np chart)e

3. # ghdcg F1R(C chart) -

4. H i 2hicp 4 BlI(Uchart) o

5. R it 2 H =4k mhdic§ 4] Hl(Zchart) -

AR A RE R BRI AT AR £ AR PR IR

g R AR LR B W AR RE R 25 e R A Bt & 3R h  nad
% i¢ * X-Rm chart ~ p chart ~ C chart ~ U chart ~ Z chart¥z 4% B](X chart) » 1 ¥ #

¥ r X —Rchart$ 5 2 foie % o33 T KBS P T it 2 ek

2.1:

i e Tk 3 #IW

PSR B~ # of detected defect X-Rm
size of work product
B iz chart ~ U
%R chart ~ Z
chart

¥ B ore o T P # of defects removed in inspection XmR chart

# of all major defects
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(Inspection Bt

Effectiveness) %

W bk o BB P # of defects found X-Rm chart
effort spent
(Inspection et
Performance) 4

FARE R iz % f moc OC for review X-RM

(Review Rate) AR chart

F e s F-d
(Remaining

Errors)

BFRE R SY M PR cumulated number of checked test cases %% B

(Test Progress S

Curve)
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Backlog i # of defect closed during a mouth

X-Rm chart
# of defect arrivals during a mouth

Management
Index A

(BMI-A)

X-Rm chart

NN Pdp earned value

(REETTSNEY
(1) M} e & v - Spaah

&L UF YA AT~ AR Y B 1 &k A 4 (IEEE Std 1044-1993, IEEE Std
1044.1-1995) » Flpt & Bk 4 iz G A b iR E o @B E BE S
SLOCZ #h v it Bpdfcr H 4 % chB im2 — o & it * & @igihz o 02 F M
FENE &K o

@ vt AT FIE RN T AR BT T AR A S b

U 4

A R4 cp g gRié * U chart[8] [23] » iz £U chartsg 41 % 88 4k 4 < o) (fdt
R E A &5 )T 343 kot Tt gk A S o) B E hpE iz X-Rm
chart+ i< ¥ * [10][20] -

(3) & it & A feehigaR -
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23 5REFHIW

BEFSART R RS A B A B e i dp R AL R e bl
Bk ket A & F #rSPI(x,) 2 CPI(x,) Bk 53 B 8 ib > af A fe o
RIw g * - iy chartiy i85 Bapth » B % dwBI2.4977 > 4ok ot 5 B R0
WA FIR RS AR e T o R R, ) W - BT G T Ao
25457 BT CLRA P LS Bap it § F T - BRI R 6 g
g B R A E IR T AT R T o 5§ A T R A A B
) IR e 40500027 0 E ke AR OUE IR PLents R
(0.0027)(0.0027)=  0.00000729 F] 3 4] - -4 efs & 4

0.0027+0.0027-0.00000729=0.00539271 5 k" 2% if* ¥ 4 90,0027 8 & 337 5 o

% | UCLx,

N
—

i |
7 8 91011121314 1516
Sample number

i B
N
(O =
T
=
o

RS S MY LR, DO Y L
6! 7 8191210211

Sample number

Bl2.4 8 %€ ¥ 4H[17]

finsf !
213141516

H~
ik
it
&L
-
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Joint control region

for ¥; and %,
UCLx,

0+ L ]
A Pes s )=(1‘— ; /\/\v/\\
! A= Rt NSE T YIS T TUE oA | . 5 | SRS FRTEN BT EEYON: DOV P Leaes, M |
= 1234567 8 910111213141516
= { o=t
2™ =
! Ryl

25

WL .

OTGIVIEICITION 6 8 L 9 G ¥ € 2 1

FI25 #-o0p ¥ % B FhlWlaan & 41 5 [17]

S ol] )

231 5 RE¥ LR b ,
AR PR WK Xy, ., Xp RIE B K AT R S

M e T
F= Gmyp /2272 ¢ Ry

e RN EHL L B X = [Xq, Xpp o, Xp | R T SN pBAEAS R TA) 2 2 A
D ITRTSHTN LS ik d L S S8 BArAs A 2 s

2 2 2
61 O12° Opp

=] PO|ER R e B i % #iciE L (variance-covariance matrix) e
2 2
O1p Gp

RO 5 K A P 21— R R Xy, Xy, Xp o R R R T S0gA)

AL S

HP SRR €3 - Bpaar L, Xy, .., xp] o @ R* %R ek R

L
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S _’I’l— 1 ._1(X1 X)(Xl X)

TREXZ A EE 0 SIEL A BV E -

2.3.2 Hotellint T2¥ #| &

Hotellint T2 41T &% Len s R F41M > &2 £L1uUp=23 6]F > x & x,
EIRE S A AR BT RAR IBEACR2.6- F o, = 0FFF(X)=k(0 < k < 1)
SR g B AT Ex e CIERFE- BF o §op # 0PF
f(X)=kgz ot S BB A5 € 4R 30— BHFR] % 7 0 B 0B & S % B A - B FR o
AT AT R EE - BRI A E RO T (X, X)W TG b Ao R]
275 E2.8% T o o BT L E;Lﬁ [ :zggtm;}grzg € 2 258 4147 R (control ellipse)

AR KA B T f@@&»m#“ i f%i—*i it B

2

72,95

BI2.6 p=2pF 2 % % & ¥ &~ fe[17]
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Joint control region
for X, and x,

UCL\l

LCL”

1 4 .
| L | S U — — - - R—
1 2 3 4 5 6 7 8 910111213141516

444 ‘ *.. T

9[911{1?}2_11}016 8 L9SVveEeci

e

1 1]
B2.7 & dch > pF 2 F R [17]

Joint control region
for ¥, and %,

i UCLz,

WA A 1
LW |

| LCLx,

L 1 I TN T T LA P, P
1 2 3 456 7 8 910111213141516

70N

OISIPIETICITIOI 6 8 L 9§ ¥V € 21

|
{
®12.8 & % fcip b P2 8 FIFRI[L7]

B EA RS A A PR E PRI d R 520+ 2 A

n

X8 = 7 [05 (&1 — 1)* + 0f (X — 112)* — 2012 (X1 — 1) (X2 — )]
010 — 012

ho Sk B ap T ISR L B AT S NS R TR R S R (X, Xp) B e
(1, 112)2- B * §E#t(Mahalanobis distance) > g 7% &UCL=y? A TR EF sa ¥

P L IR0 0 2 F BT R e At L TR A
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| ucL=y2,

| | ] | i I H J

Sample number
M12.9 p=2pF et = & 41 F[17]
FHA Flp=20 BIF 1T A A
Dy peze o> st 8 2 400 e
X6 = n(x— W' 1(x— u)

UCL = Xap'

2 S22
St..S12°. Sip.
(2) % nE A o BlUS = : % B3EE > 11X=
¥ =2 .
Slp LRy Sp
IR e - :

T¢ =nX-X)TS (X -X)
PIFEHT Y F FIRZ R AT

pm—1)(n—1)
UCL = mn—m-—p +1 apmn-m-p+1

LCL=20

AR RILES RN ALl

pm+1)(n—1)
UCL = mn—m—p +1 apmn-m-p+1

LCL =

HopiipthahBac nd A< > mE kAR

21

| S0 } ] ! | | |
012 34567 89101112131415161718
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X

1
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2.3.3 # & %} 3 12 Hotellint T2g #| &
LdcREARY A SR DR s Fp g r T o5
Q) F poze o o F 4% e
X =E-—wWEtx—p
UCL = 2,

(DFNEZARIEF > GIFEFF I3 F 0 BF LhG S S e g A

BLRIE @ Syerfn & AU * Ap ke B ELBIERAI R Y, =X — X;  171,2, -

1 < T
Si=—— > (U-D) V-
i=1
1
vTv vI
E- H d =
22 2m-1) v | 2 |
‘ _ lv;l_lj

# FHotellint T2 338 & -
T? = x=%)"8$" (x — %)
fEir* B AR LS

(m—=12 pm-p-1

UCL:—m—ﬁ“(E' 5 )
LCL=20
B E ARG
pim+1)(m—-1)
UCL === ——F.(p.m —p)
LCL=20

234 FFH 4 preni

EVL‘

&Emig

FADF IR LRI S D ph e ARE By - A e 2

F1* Montgomery % [17]:& tk 4 2T 2 53+ £ (decomposition of T2)#-T24 iz » =

FdeT

22



di = T2 - T(zl)
TR % iR 2 LA HT2 6 > @ d, 3 R FR AT P8 § 4 v

2L 5
L

T

V47 d; 15 > Montgomeryi® ik 4 G xg TR B diARE xg, R BT

A g i
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¥=F ﬁﬁﬁ%p~?qw
I A EF I B ARE IR BRSO EHIRAZEREZY T RHA

y ¥

ol

B oHZE M ETERFER S BE MBERE A2 %

e

Penfadfi- B A £ s REFHE AR A MR E E
%géf&mzﬂﬁfﬁ#ﬁ%%ﬁv%ﬂ’i’»f*%#3'; TP i Ao 59 A 35 T A endp i o
AT iR ﬁ,@g#ﬁ%;égippﬁﬁﬁq@g/ﬂ\ﬁa,fzk%%iﬁiﬁ#ﬁ&h
2 TE L%

L F A X v A R R AT R 2 oA Rz

RAREE S R

HF LR o
P RT A ST S

Q) RAAFETET LK -

(2) SFEE PR

(3) % K& & o

HE 2 BN BERR L LA ARG -

Ik h B R FIRY A BN AAP LR ERA eSS £ 355

PRPSeSpROMAETE] LE TG g n MAeEART T i AR
PRAR S T FARIEAR S B2 F N R RE VAR R P ATHAFSURE S 1 (TR FEM
Bt um i ARE 0 8 A e AU R BT A R e

At EHRDAE r'r'\»"ﬁ"’Fﬁ"}:"1 FERTIRREIF R T AR R S T RERE R
2_w enfe = % AR A2 (peer review) g AR s 5 (review efficiency) &2 & 4iiE B
(review rate)dp ¥ - £ HFE ¥ W PR R E 42 % % cha A 5 »2dp 15(Cost Performance

Index, CPI) - & "% i€ & & P & 33 P 42 5 »dy ¥ (Schedule Performance Index, SPI) -
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MT%%SNﬁ%GﬁiﬁBﬁiéﬁﬁkﬁﬂiﬁﬁﬁﬁﬁ*%ﬁwﬁi

EE" l"é; 2 T‘L‘EET#/H iiﬂb 4 E»E'E :lé_ \ L?d—\‘ﬁﬂ' ’ Fl‘}' "'F’ YFF”—J ﬁ&
e dopt A qoa FEMS AR N EFHA kehR A S 2L Lo

HIH3: NEAFEERFT T e FTRAE -

e

o TR B AR aELR TR R A LA EETA B F E 0 Rl ¥
BEB KGR THRZALET G - B ﬁ[&#pﬁ‘%ré’“}’mfﬁ £ KR

IR e 35~ IR Py I Bhi 7R R 3% A

dONEEE S H B B WG k2 ATy BRI dp iR

ERBUB TN RHE > F w&ﬁ%ﬁ@’MFzﬁM%’a%¢+§
R ERS PiE- B hd T ggﬁﬁfﬁﬁ’!ﬁﬂ’f”j—{mﬁﬁlf g T

Y s -

w A {*§E;% (Forth Spread)ﬁmﬁ;’* * & zm: BHEE oG LTHQE Qs iz
s - w4 e dge(first quartile) 2 % = w2 Edie(third quartile) - £ Qr = Q3 — Qq
PI2-g s @ A2 T YD) 2 L YD) T LT A 5 Heis

D,=Q; —15%Q¢
Dy = Qs+ 1.5%Q¢

FoEPRANFTHBE DS < Dy R E BRI E o

M
F_w.
i
e
=)
._x_

HIA AT 15 R EBPEHIWL Sk
- HHRE E TR EF BL AT bR OB PR R AT
RARR S TR oo Bt org & R TR E AT Ao B] 3.2 A 0§ H A H

%%ﬁﬁ%&—&@&%%@iklFi&%{ﬁﬁ%éﬁﬁé—%ﬁT%%

%

% - gk i R e
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#4q#

«fl] E AV

LR

0.0027 » & 7 i * > 4 A2 & o

TRV R RE RS L R

q m
=\T
S = Zz("v %)(x; — %)
= 1ml -1
Xij1
X1j2
le = .
Xijp
qg m xl]l
I=1j=1 xl]p

TR RS

(T m 1 )2 poXiqam —p—1

UCL = ,
i 1ml : 'Ba (2 2 )
LCL=10
- A4 o TR > Jalotefllit sl ¥ 4R * h 30 F )

Y A

- HAREEL o e Ack

RN 1 AiE SN

P2 F gl AR ) A i A i A v )

3 - BAIEE L T Ak R

Fed TG AR B ARRIF R AT L SRS N ) BE A
PR BRI A G AR PR B RS o B ER Y h3o T g

i@ £ & (Average Run Length, ARL) % 370 > e 8 & B aicd8 & X epliP| B /L A7 42

i 20 B 0 Ay

LRI 5Nt

LB PARLyZ 2 F i ¥ U HMA L TP AFY

1T NN BB R &% B R & aHotellint T2 ¢

Tl]Z = (le — )_()TS_l (le — )_()
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FEE A BA-R33 o  ARRY D N ERR R A RFAEF A A B ER
RIZLQ PPl A 7] FY S BT L HASEE IR F B E RN G0 f A
AZAVE ) R b s g R (run test) KRR EE F b LA A T g

AREL o AFT Y- HETAJPapRE N G B R - BRAZE I AR -

HIO: EHAVBEFTAAT -
FAHRG AR A Sk BN EHR WA T L7370 T THEHTE S
Bod BAIRT MEE D NF B RS LH FRBERE G S EEEL R
BRBFTT I FERERLEF A RALE RN B ETET LG v
nAgay 4 R P ART2 R d; = T2 — T 4o % A2 x5 o5 (D] % 7 3247
BF il 2 gpedp ik 18 AARET X0 RAR R Tl o AT R T4

CEUEICE RS S VR FIES S L AU T8

EHR2T ﬁ%6ﬁf%?*ﬁ#ﬁ%éﬁ#?@”ﬁ%7°
HET PN BREFRE HERAT R o
B AT QB R BRI BRI R T A

ST AT N

UCL =

p (Z?ﬂ my + 1) (Z?ﬂ my — 1) u
A Fa(p,z my —p)
(=1 M = Xy TP =1
LCL=0
F1# T 283 F Hotellint T2E - 1 5 » iidgae 4 L8
T2 = (x—%"S" (x— %)

' 1 q, m, ' 1 ' _r
R et e YDIEVRS SRS S
=1
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Boxplot of SPI Boxplot of CPI
1.6
. 10 *
1.6 4 *
H
1.4 4 g4 *
1.2
5 -
1.0 _ i
1 a
0.8
4
0.6 -
0.4 - 2 -
0.2 -
(=
0.0

B4L > 307 H g 5w

HEA AT 55 B2 TERTEEFFL ST

Z m:ll(xlj — %) (X, )T = 0.0974 0.1262]

= 256-1 0.1262 0.9293

(256 1) 2.256—2—1

UCL = ) = 5.9437

e Poos (G

LCL=20

H 53-8 & B % ken® BRI E D Hotellint T2E ¥ 3 R 2% 5 o = eh§

FI A& o
FHE RIER B AT S % 4o 43477 0 B R HIBAcRA29 7 o

ERAE pIp T2E | BRSE | pEy T2g | RR&E8| P T2
A Aug-05 | 0.863 F Mar-07 | 0.894 M Nov-06 | 2.173
A Sep-05 | 0.259 F Apr-07 | 0.891 M Dec-06 | 2.078
A Oct-05 | 0.560 F May-07 | 1.375 M Jan-07 | 1.955
A Nov-05 | 0.736 F Jun-07 | 1.287 M Mar-07 | 1.958
A Dec-05 | 0.577 F Jul-07 | 1.296 M Apr-07 | 1.963
A Jan-06 | 1.230 F Aug-07 | 1.206 M May-07 | 1.782
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A Feb-06 | 0.980 F Sep-07 | 1.283 M Jun-07 | 1.954
A Mar-06 | 0.870 F Oct-07 | 1.328 M Jul-07 | 1.923
A Apr-06 | 0.666 F Nov-07 | 1.395 M Aug-07 | 1.876
A May-06 | 1.570 F Dec-07 | 1.560 M Sep-07 | 1.822
A Jun-06 | 0.781 G Jun-06 | 1.513 M Oct-07 | 1.797
A Jul-06 | 0.491 G Jul-06 | 1.905 M Nov-07 | 1.745
A Aug-06 | 0.382 G Aug-06 | 2.196 M Dec-07 | 1.764
A Sep-06 | 0.377 G Sep-06 | 1.393 N Jun-07 | 2.180
B Aug-05 | 7.310 G Oct-06 | 1.149 N Jul-07 | 0.080
B Sep-05 | 1.690 G Nov-06 | 0.330 N Aug-07 | 0.063
B Oct-05 | 2.341 G Dec-06 | 0.741 N Sep-07 | 0.155
B Nov-05 | 0.993 G Jan-07 | 0.478 N Oct-07 | 0.316
B Dec-05 | 0.879 G Mar-07 | 0.189 N Nov-07 | 0.711
B Jan-06 | 1.695 G Apr-07 | 0.333 N Dec-07 | 1.083
B Feb-06 | 1.418 G May-07 | 0.301 0 May-07 | 1.453
B Mar-06 | 1.797 -G Jun-07-| 0.181 0] Jun-07 | 0.938
B Apr-06 | 0.861 G Jul-07 | .0.481 o) Jul-07 | 0.783
B May-06 | 0.105 G “ |/Aug-07 | 0.651 o) Aug-07 | 1.443
B Jun-06 | 0.164 H Nov-07 | 0.749 o) Sep-07 | 1.729
B Jul-06 | 0.300 H Dec-07 | '1.091 0 Oct-07 | 2.645
B Aug-06 | 2.046 I* | Jun-07 | 3.829 o) Nov-07 | 2.606
B Sep-06 | 1.625 | Jul-07" | 3.983 0 Dec-07 | 1.657
B Oct-06 | 1.228 | Aug-07 | 4.052 P Aug-05 | 0.096
B Nov-06 | 0.949 | Sep-07 | 0.341 P Sep-05 | 0.026
B Dec-06 | 0.943 | Oct-07 | 0.432 P Oct-05 | 0.160
B Jan-07 | 1.116 | Nov-07 | 0.092 P Nov-05 | 0.505
B Mar-07 | 1.693 | Dec-07 | 0.065 P Dec-05 | 0.963
B Apr-07 | 1.898 J Apr-07 | 2.331 Q Jun-06 | 16.336
B May-07 | 7.847 J May-07 | 5.471 Q Jul-06 | 6.754
B Jun-07 | 7.550 J Jun-07 | 1.637 Q Aug-06 | 6.593
B ul-07 | 7.042 J Jul-07 | 1.597 Q Sep-06 | 6.181
B Aug-07 | 6.268 J Aug-07 | 0.662 Q Oct-06 | 3.581
B Sep-07 | 5.735 J Sep-07 | 0.466 Q Nov-06 | 1.774
B Oct-07 | 5.191 J Oct-07 | 0.611 Q Dec-06 | 2.163
B Nov-07 | 4.787 J Nov-07 | 0.869 Q Jan-07 | 0.947
B Dec-07 | 4.431 J Dec-07 | 1.553 Q Mar-07 | 0.217
C May-07 | 5.874 K Aug-05 | 2.521 Q Apr-07 | 0.153
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C Aug-07 | 12.716 K Sep-05 | 2.047 Q May-07 | 0.961
C Sep-07 | 8.767 K Oct-05 | 1.730 Q Jul-07 | 1.171
C Oct-07 | 7.251 K Nov-05 | 1.610 Q Aug-07 | 1.637
C Nov-07 | 6.320 K Dec-05 | 1.221 Q Sep-07 | 1.736
C Dec-07 | 5.775 L Dec-05 | 1.318 Q Oct-07 | 1.748
D Jun-07 | 15.296 L Jan-06 | 4.264 Q Nov-07 | 1.795
D Jul-07 | 0.601 L Feb-06 | 4.543 Q Dec-07 | 1.811
D Aug-07 | 0.771 L Mar-06 | 4.842 R Mar-07 | 3.587
D Sep-07 | 1.183 L Apr-06 | 5.087 R Apr-07 | 3.592
D Oct-07 | 0.532 L May-06 | 7.063 R May-07 | 3.177
D Nov-07 | 0.627 L Jun-06 | 5.105 R Jun-07 | 2.323
D Dec-07 | 0.613 L Jul-06 | 2.858 R Jul-07 | 0.714
E Jan-06 | 4.796 L Aug-06 | 1.338 R Aug-07 | 0.346
E Feb-06 | 3.911 L Sep-06 | 0.661 R Sep-07 | 0.417
E Mar-06 | 0.371 L Oct-06 | 1.640 R Oct-07 | 0.354
E Apr-06 | 0.182 L Nov-06.| 0.731 R Nov-07 | 0.338
E May-06 | 2.450 L Dec-06"| .0.973 R Dec-07 | 0.199
E Jun-06 | 1.406 L = }1Jan-07 | 0:939 S May-06 | 1.408
E Jul-06 | 0.774 L Mar-07 | 0.702 S Jun-06 | 2.192
E Aug-06 | 0.472 L Apr-07 | 0.627 S Jul-06 | 2.890
E Sep-06 | 0.100 £ [ May-07 | 0.688 T Aug-05 | 1.270
E Oct-06 | 0.878 L Jun-07 |+ 0.562 T Sep-05 | 3.364
E Nov-06 | 1.187 L Jul-07 | 0.588 T Oct-05 | 1.405
E Dec-06 | 0.939 L Aug-07 | 0.513 T Nov-05 | 1.847
E Jan-07 | 1.130 L Sep-07 | 0.796 T Dec-05 | 1.947
E Mar-07 | 1.756 L Oct-07 | 0.718 T Jan-06 | 2.040
F Sep-05 | 2.253 L Nov-07 | 0.477 T Feb-06 | 2.226
F Oct-05 | 2.295 L Dec-07 | 0.378 T Mar-06 | 2.968
F Nov-05 | 0.739 M Aug-05 | 4.498 T Apr-06 | 3.201
F Dec-05 | 0.782 M Sep-05 | 5.223 T May-06 | 5.352
F Jan-06 | 2.643 M Oct-05 | 0.735 T Jun-06 | 1.611
F Feb-06 | 2.550 M Nov-05 | 0.088 T Jul-06 | 1.701
F Mar-06 | 2.963 M Dec-05 | 0.038 T Aug-06 | 2.419
F Apr-06 | 2.778 M Jan-06 | 0.032 U May-07 | 3.814
F May-06 | 2.656 M Feb-06 | 0.025 U Jun-07 | 1.873
F Jun-06 | 2.785 M Mar-06 | 0.019 U Jul-07 | 2.707
F Jul-06 | 3.200 M Apr-06 | 0.465 U Aug-07 | 1.839
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F Aug-06 | 2.017 M May-06 | 0.740 U Sep-07 | 1.643
F Sep-06 | 0.958 M Jun-06 | 0.782 U Oct-07 | 2.257
F Oct-06 | 1.173 M Jul-06 1.134 U Nov-07 | 1.925
F Nov-06 | 1.361 M Aug-06 | 1.602 U Dec-07 | 2.294
F Dec-06 | 1.235 M Sep-06 | 1.203
F Jan-07 | 0.957 M Oct-06 | 1.351
k1= R UCL = Mﬁ & Z(11:17”;7“_1):5 9437
Yim *h2’ 2 '
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HF6: LHEFBEFTA
RALE F HIL T BRI 2 4 fRTZRG B IR A 4.2 4T

BAAB | piy T2 dgpy dcp SPI CPI
B Aug-05 | 7.310 5.377 4.209 1.144 0.295
B May-07 | 7.847 | -1.795 | 7.025 0.931 4.132
B Jun-07 | 7550 | -1.760 | 6.710 0.934 4.086
B Jul-07 7.042 | -1.698 | 6.160 0.939 4.005
B Aug-07 | 6.268 | -1.560 | 5.386 0.939 3.870
C May-07 | 12.716 | 0.578 1.103 0.311 2.546
C Aug-07 | 8.767 | -0.278 | 1.519 1.555 4.456
C Sep-07 | 7.251 | -1.330 | 2.905 1.377 4.049
C Oct-07 | 6.320 | -1.531 | 3.404 1.225 3.982
D Jun-07 | 15.296 | 8.158 | 11.788 | 0.238 3.762
L May-06 | 7.063 3590 | -1.636 | 1.441 3.072
Q Jun-06 | 16.336 | "4.115 -|+15.387 | 0.462 4.466
Q Jul-06 6.754 3.947 4.918 0.367 2.912
Q Aug-06 |+ 6.593 3.917 4.744 0.366 2.878
Q Sep-06 | ' 6.181 4.791 3.263" | 0.279 2.488
e & ¥205(1) = 3.84
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_ 2(224+1)(224-1)

Fyo5(2,224 —2) = 6.127

LCL=20

Flr T 2B A kRS ko Hotellint T2E > & % ~ JiAzae + A%

T
S e e

42 @ % R FARRE A Y B B ATE L 0NN 4 AR

AEF HAR RO REP A E Y S E T A 4 AR T L B R T
Aypenlia) o AF Y * Minitab Pt oA ¢ E KSR G AP M Hehs B
UERRIE S/ 3 -

EWHEITE S G A Bk 25 éﬁﬁiﬁj By HE % 16 3] % 20 gLip| & = SPI
Fa ki A5 -15 4R £ > %21 B 1] % 258uR] -1 CPI 4 BB +I5EEL - &4

3 A4 T

$%l | SPI CPI S5 SPI CPI1 S5l SPI CPI

0.403 1.275 10 0.862 *|" 1.710 19 0.571 1.459

0.826 0.655 11 0.907 1.575 20 0.016 1.584

0.973 2.083 12 0.697 0.720 21 0.457 2.538

0.845 1.656 13 0.991 2.797 22 1.141 3.404

0.693 1.978 14 0.534 0.208 23 1.202 3.030

0.657 1.098 15 0.869 1.361 24 0.836 3.169

0.626 0.667 16 0.308 1.977 25 0.802 2.814

0.457 1.113 17 0.311 2.019

O oI NfoOjORhRlWIN|F

0.681 1.425 18 0.164 0.859

143 WERES
d W45 2 FHIIT R R el 2 R SR R A P

AR T2 RS 45 A fr2 R Ao or g5 Pl n AR 4 A TG skeho
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Bl 43 Wl $ %825 4IW

o ¥ T2 |d(SPI)@& [d(CPI)&
16 | 6:669 | 5168 | 3.701
17 +| 6902 | 5224 | 3.983
200 | A1477°) (11162 | 2105
21 | 8139 | 3422 | 7.064
22 9.666 | -3.541 | 5.241
23 7.283°| 1779 |  1.564
24 8602 | -1.876 | 8.108

#44 FRF A DA R

39




43 #EREFHE2L R

it B %A ul g ESPIE CPU, Hhen® § 4% 4 o) X —SEHIM 22
BHRAEREL S F AR oBA32 Fl445r7 0 R F 567~ 81k ELR| (2006
#£1~2-37)F BRIDIRE > AL O RERHIML A GRIFIAFRE A A
FL TR F 2 A prekE R F 4IRS A RIT R F1EF] 5 SPI2 CPl4, e
B 7 #ic 5 04650 B F -k 50000 * B R 8 HIB ¢ G 22 Lkl
WBSPIECPI R 4e FA S X ¥ 1 R R, =2 B P EF A a4

7o

P2 SPI CPI p 3 SPI CPI p 3y SPI CPI
Jan-06 | 0.674 | 2.375 | Feb-06 | 0652 2.227 | Mar-06 | 0.668 | 2.211

Jan-06 | 0.723 | 1.652 | Feb-06-| 0.665.| 1.474 | Mar-06 | 0.674 | 1.502

Jan-06 | 0.349 | 0.650 | Feb-06 | 0.412 |+0.519 | Mar-06 | 0.339 | 0.616

Jan-06 | 0.800 | 0.449 + Feb-06 | 0.800 | 0.392 | Mar-06 | 0.896 | 0.434

Jan-06 | 0.254 | 0.519 | Feb-06.1.0:2581-0:622 | Mar-06 | 0.223 | 0.545

Jan-06 | 0.132 | 0.267 | Feb-06 | 0.115 | 0.197.| Mar-06 | 0.095 | 0.170

Jan-06 | 0.160 | 1.493 | Feb-06 |.0.160 | 0.262 | Mar-06 | 0.533 | 1.213

#4.52006#1 ~ 2~ 3" 2 SPI& CPI 4 F 4
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