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Software Replacement Time Prediction Technique Using the Service
Level Measurement and Replacement Point Assessment

Young-Joon Moon® - Sung-Yul Rhew™

ABSTRACT

The software is changed according to the changing businesses and the user requirement, it involves increasing complexity and cost.
Considering the repetitive changes required for the software, replacement is more efficient than maintenance at some point. In this study,
the replacement time was predicted using the service dissatisfaction index and replacement point assessment index by the software group
for each task. First, fuzzy inference was used to develop the method and indicator for the user’s service level dissatisfaction. Second, the
replacement point assessment method was established considering the quality, costs, and new technology of the software. Third, a
replacement time prediction technique that used the gap between the user service measurement and replacement point assessment values
was proposed. The results of the case study with the business solutions of three organizations, which was conducted to verify the validity
of the proposed prediction technique in this study, showed that the service dissatisfaction index decreased by approximately 16% and the

replacement point assessment index increased by approximately 9%.

Keywords : IT Service, Maintenance, Fuzzy Inference, Prediction Technique, Replacement Management

A A 7] S 7

+ +
zdET-FAZ
e of
2ZEgOlE Qo] Wak L AbgAke] @AM webq WAl sukEEE R Bl S7kska vlgo] WAt ol d ol
BH o= AN E fARTHE RAZF % E&Holth & ATAE Qe ATE ] IFHR ASAA AT A B
W A5ek wAR Gk Aol met wANIE dZasith A, AAFEE ol gte] Auls el AR BREES Frlehy] AF Uy
7 AEE RS EA, ALE 0] FA, H]—& A7)eE wdd wAH B pEe Sekdon A, AR Auls Sk AR
H7b gatel 2t weh wAANYE dEshs JPEE AN £ ATlA AN dE71W ] BAS AEE] Hskel 3 229 o
FEFAE o AT A, Az XH% oF 16% steslglom wAld 7 Aee ok 9% skl
JIE  ITMH[A, RXIE, HXFE, HS7|Y, nizz
.M E olgr, Bt sk &84S AT N drotY] dF T o
Fet AN EFAS o= sha gtk
AlE o= Ao Wglste A A1&s] dE HrEFAaS Z2AE S8 A U fFe dAse]
at7] 9late] ITAH 29 A o] AFH ot} 49| 7]HY AFE BEHoR 73T 5 &R AXEHveld Ha,
T st AN AzgvoRE 2 RE Wil zAe AAS wddth, FARSF G A= T3 o
el 4143 dgskr] ofeh 58] 2F2 HETholdx st wme oS, 9] Ade Adar] AT A
A, AHEAE AR wbey, Mul s ERRALEE Aol wE
% o] mie St i) Q7 Aol ofae] ATFHIUL A, A% R ez A% WA S gt Ade 23
¥ %./\L]Q_@ */\ [HEI—JJL %Hﬂﬂr Hl/k],
4R P EEEEEEEE LA W aEn
=S 201349 3¢ 1Y I _ _ _ - =
4 91 i 48 29 FAR Wakete JEHAT vl 2P £E P
AR e He el YREFAE AL WAo] WA o=

3

Corresponding Author : Young-Joon Moon(yjmoon@yonsei.ac.kr)

KIPS Tr. Software and Data Eng.



(2013. 8)

=

[lkl

™ X8

2

X2

085
=l

E[0]=]

S=2X|/ATELN L

I

VSIS

528

= R B T 1
ENGY %m_wmgﬁ DEASeRE R P # t
== o O = O o o _
e KT RMA R S RN x ¥ 3 ShraiEt §F
N do "™ B OV of M oo ® oy M om0 B g o B d 13 i o
S — ;oto_.io = —0 T W‘u of%lxﬁl e
T TRxEs i Y& B A R
- o|J od ,Wl dV T ,.Mﬂ MMD B el XA ,zu_.w ok Nr o 2 w + ] % ﬂw oy 2 ,_u_lmo = T = T
ey kI R No o 75 & 5 J C. I do o
E_ mym oo — X 2 T oo W o - by oy 9
o rul X = — 1 = o R ﬂil —_— =
7% SEEnET= i S o) | . S S
£5 fgicry P EmeE PRI F b |5 I%efrz il
fal xr T R Up— e IR HE k7 ; < Tl
W ﬂ%lm?fm_,_ S eaTePET by " 2 wxgiEzen T3
o| & — Do o e R - A= R ] o (PR it - N I g <
e N IO = i B N <o : +——> 2 o= T N
DN ﬂ%oﬂx,mﬂ maﬂbtJE E_iﬁmﬂi “rf 1 am ™ me o M @.]ﬂr%E
L N R - PN AN o L
Bom oy Lo B W A e G I T P \ 5 N _ Tk o
hEsELEYN CF R NN 8 wEgi g tE®
—_ o KA B —_ o7 — i == T Wl
T E oD L ha b B L Fak Ty m L S R dzemaaa
Ie;i ﬂ&oq;o = Lq}i o Llﬂr ! “ \ — AT,m.L]ML ,oﬂu]zT
R A P L &R T A BE P h T
BT a2 N L W@ﬂ%&%ﬁo%} E = v 2 ﬁa_AH%aoaofaL%
GRGTEN s R B TEarE W ; 20" EoM T Wy X oo
—o Jl Foq_m‘l ,I;o‘l],lyllrLFL H A Y — ~o el T
mﬁwﬁmﬁﬁ%dmﬁﬁﬂo En| %mou_KXvNﬂEMﬂoﬂg : » A?ﬁwaguﬂe%%mx
! )] Pl i or P '
Fee S ™o I e T N uw & ; 2\ T oy oy o o oar
TR N BT W R o S S 3 R | - : AR moﬂulr%xmaﬁ@%%
A "R N (S i _wa L,$ﬂM Lo oo s ! L 4 Ky i = KO
OB LN W R T T TT o < W m N g0 T
ﬂ_imﬂ,MHDMBQ_OI =0
%o ,m.u_,OC._‘DF.ﬂ_/IJ = =5 —_ —
% 280 PR g TR RN T TR
<! Mo o X ® ~ - o = A " <N oof @ ) T = —_
S 2%E%%z ERilgzzaldrzaslzi PeETEERELTE L BLIET ITE
i ! — — 63 [aze] — [ = < 0
= m“u%m_]wrﬂ% ﬁﬁ%uﬂ%%ﬂwﬂomﬂw}wﬂwﬂﬂ%% N e T R I
B H R B g XA _ =y U o0 BN X = 2 = o o g7 =2 = X r <
(3 Hﬂo%wy orwﬁﬁx%%ﬁm#g} B W W %WWzWWMWWM_W% R B
— o _ 2 = _— — R T 0 = i = =
® oA O oW R uéd.,mi%%iﬁ%ﬂm@%%i.; ¥ T aE Zxa DE Ty o
T M R %QE%WQEJQ@ﬁo?i%ﬂﬂ ﬁmu?wwﬂmegmmol% > G F X %%W@
of ®AE Sy b W oghy <R A e M B TR ok U %o T L HEWO BT RT K Pt T B R
Ty o " N oo ® KR T - ) W R g W o T om L
ok, EwmT T %%zﬂnmaﬂgﬁw%%ﬂﬂmf? %%Mv%me%Mﬂztokqﬂi%w CEIT
- Brazy $°gTATRcEITLIESC SEiIEiisoffiRER snad
a s gy RS T Ewy HWE A g LR gmATEE T g e
hjK B O N oo o ey o B A1 n < o 2 <] 5o = (N - {| E R o o T 1 0 o
oy mﬂﬂrTﬂmTowLM%i_Mﬂ?%w%ﬂowﬂmuﬂmﬁcwﬁﬂoQgﬂmﬂi%%ﬁo%mﬂ%ﬂm#ﬂﬂlu%ﬁﬁwm R
M Mi%ﬂ%imowﬂm_%aag_oufﬁamﬂdldw LwaEP%@?W%%Hﬂnﬂﬁﬂﬁﬁé%iz T T AR
— — —_ ~ v © X N — C T = U~ e
i ﬁg@%%m%ﬂ@Eﬂwuame@ﬂ@W%i¢%ﬂoQ%¢MWMWMyw%WM% cEUL
. 0 . oo H = H = ELG ) w B oon — i~a o2 <A o o BN = o B ) LA
Wmur%mmmr_i%urmomﬂ7@éﬂw%wm%iUrﬂmw_wmmﬂmo@whmﬂgmomdﬁzww%mwﬂmﬁﬂmw%m%w@ zmmﬂwfao
A p. i3 o T T =T 7 o) - ° = = A1r7,|uﬁlﬂ.ol|1aurll W
! =K ﬂoo# EMHWAL 7HOXLCHTE ;ooﬂrmuﬂul oLn_AIﬂHEnAv: ~q N =~ & T ~ Mﬂ]éﬂ
R TALW xR B g ool g Lo e A HpEwms SNyl TS
b RS S M Ll T TP A g Do Ml < T x5
ﬂmﬁﬁﬂm_ﬂi7iw %mLeLm_x%m%ﬂW7u#Wwam|m%H?%A%izoAﬂﬂL@uiﬁATi%ﬂO mﬂmxﬂﬁ
on o= ol G Tx_.wug o pp = — AT o N o3 B et ol = FA AT% o . < =
= Go L eh T pr B P gemgy 0 Rl N S A R S
< o I R B o ol = o) do O o T ou._.__rn_ﬂAdEo]dlx,:L A op 2 ® = o ® 0o
Mo EMTUERT TEIBRETLREET UrPE P morr s Nt P g ?
=0 T o) o ST T REANT N T IS 10_| B o R
< N7 B o < = = [ O

aF3ATH 101

S

AL %

2

th. whebA AH]

1

ks
il

o] ZAL v 53



o

o

o,
2L
lo,
T,
Mr ol

oo 2y

o o =

N
>
il

o
fe

N H oo

o
1o

\ olo

=

e

ﬁﬂ
r
r
2

8

i

o
N
W s
™ rir
2
e
ofo o
ofo

12

oo E
N

0%t

ob
ol =

rE M
o 1%

N
N
off

oz

©
g 2

ooz & i1 e

e

[N
=)
r.l

U e iy
i gou
rr ox

o 7
D)
)

tot g,
(o3

e Mt o
B o

(e

o o
M

A
o ot

o=
i s
32
T

AuH
2
1,
Ly
e,

e

[

B
i)
=

(e orE Me
i do Hu

ol

— o N
[e3
o

2 =
B om

e
)

ol
ol

= 3B

N

i
£2

w
ol

&

iy

~

o,
ol
-
s

K
N

Y
]

2

fm

o,
2

N

i)

=
[o
E ro
g, oX

-

ol

[o
>

AN o

_,d
2

Al
HN

2
g ®
iilod

FE _(1'm
2

4 L=

o

Lo G

2
=

I

N

e

Eglol mHAI719] olF 7Y

mr el

:|:

}ﬁﬂw ol
tﬂ*i _dyﬂ z;ﬁo
szw Wzl we} 2

0194 e
Solu, 2% A8
A S ECEEE

=4 2 WHZE Ul ot AZERI0 mAMAIZ] oIE 7™ 529

<8, 9, g4 gha, 3] o AbgAtel A
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Mz z2AE AT} 9422 (Force Field Analysis)[18] <=3
A3 Table 13 2},

Table 1. Force Field Analysis Matrix

No User communication type Effort | Effect
1 Action report rquest in the event 10 10
of failure
2 Inquiry about simple error 7 8
3 User Survey 4 7
4 Suggestion to address discomfort 8 9
5 count of user lon-in 10 4
6 Inquiry about how to use 8 8
7 Suggestion for work convenience 9 9
Improvement request due to work
8 . 9 8
requirement changes
9 interview with key Man 4 6
10 Policy change request 7 7
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Fig. 2. Pay off Matrix
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Table 2. User Communication Type and Impact Related to

Changes
L Main reception
User communication type | Impact route Frequency
. . Faul
Action report request in the| Very ault
. Management Low
event of fault High .
System
. . . Ph inqui .
Inquiry about simple error High Or;?ég?;l Rt High
S tion to addr Ph inqui
uggestion to address |, . | Phone inquiry, |\ .
discomfort e-mai
. Ph inqui
Inquiry about how to use |Moderate OZ%E:SUIry’ Moderate
. Busi
Suggestion for work usme§s
. Low Suggestion Low
convenience .
System
Improvement request due to| Very Service
. Low
work requirement changes Low Request
. Very Official .
Policy change request Low Document High
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Table 3. Impact and Weight Assessment Scale

Impact Assessment Weight Assessment
Very High 5 Causing Complaint 1
High 4 Very Complaint 0.75
Moderate 3 Complaint 05
Low 2 Little Complaint 0.25
Very Low 1 Not Complaint 0
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Table 4. Development of the Service Dissatisfaction Indicator

AUD : Average user dissatisfaction
SDI : Service dissatisfaction index
Im : Impact, W : Weight, AT : Allowable times

- AUD = i([ml * W) / i[m,‘
i=1 i=1
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Table 5. Quality characteristics and relevant indices

Quality

Characteristics Weighted Rate

Relevant Indices

Suggestion to address

0,
discomfort 0%

Functionality

Action report request in the
event of failure
Inquiry about simple error

Reliability 50%

Usability Inquiry about how to use 30%

Suggestion for work
convenience

Efficiency 20%

Improvement request due to

. 10%
work requirement changes o

Maintainability

Portability Policy change request 10%
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Table 6. Cost and new technology assessment index

Item Assessment Index

Cost 1 - (Maintain cost / Purchasing cost)

New Number of new technology functions /
Technology Number of total functions

KIPS Tr. Software and Data Eng.
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Fig. 3. Replacement time prediction
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Table 7. Replacement time prediction algorithm

MLg() : Machine learning function that stores the
gap value between the upper and lower curves
MLA() : Machine learning function that stores the
number of days passed for the gap value
between the upper and lower curves

MLecf : Machine learning modification factor
SORT() : Sorting function

Curve_Gap(1) : Gap between the reference curve and
critical curve

Curve_Gap(2) : Gap between the reference curve and
limit curve

Gap between the critical curve and
limit curve

Duration between the reference curve
and critical curve (Number of days)
Duration between the reference curve
and limit curve (Number of days)
Duration between the critical curve
and limit curve (Number of days)

Curve_Gap(3) :
Curve_Day(1) :
Curve_Day(2) :

Curve_Day(3) :

n @ Number of business solutions
gap - Gap between the two curves
RP_time : Replacement time

< Machine learning >
for(i=0; i<3; i++){

n—1
E Curve_Gap(i)

=0

MLg(i,j)

n—1

MLAG,) = Y, Curve_Day(i) + MLcf

j=0
}

SORT(MLg(,j));

SORT(MLA(,j));

< Replacement Time Prediction >

scanf("%d",&i); /* i=1: Between the reference curve and
critical curve,
i=2: Between the reference curve and
limit curve,
i=3: Between the critical curve and
limit curve */
scanf("%f" &gap);

for(j=0; j<n; j++){
if(MLg(i,j) >= gap) RP_time = MLdA(,j);
}
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