JOURNAL OF SOFTWARE, VOL. 3, NO. 7, OCTOBER 2008

Estimating and Prediction of Turn around Time
for Incidents 1n Application Service
Maintenance Projects

Basavaraj M.J
Perot Systems, EPIP Phase II, Whitefield Industrial Area, Bangalore-560 066, India
basavaraj.m@ps.net; basavarajmj@hotmail.com,.

Dr. K.C Shet
Professor, Computer Department, National Institute of Technology Karnataka, Surathkal, India
keshet@nitk.ac.in; keshet@rediffmail.com

Abstract—Application  Service Maintenance Projects
normally deals with Incidents as First Level support
function. Incidents in majority directly link with Production
Environment, so Turn around Time for Incidents is a
significant factor. Many Companies are having Service
Level Agreements with Customer for Turn around Time for
Incidents. There is a need to focus on Estimating and
Predicting Turn around Time for Incidents. Improvement
in Turn around Time helps in improving the Service Level
Agreements earlier agreed with the Customer. Saved time
can be diverted to other Project Activities like
Enhancements or for new requests. This will also helps as
one of the paths for Companies to get new business with the
Customer.

We have used Capability Maturity Model
Integration(CMMI)V1.2 Quantitative Project
Management(QPM) methodology for Application Service
Maintenance(ASM) Projects for estimating and predicting
turn around time for incidents. By implementing this best
practice in SEI CMMI Level 5 Company we have achieved a
significant improvement of approximately 50 percent
reduction in Average Turn around Time for incidents.

Index Terms—Software Estimation, Statistical Process
Control, Application Service Maintenance Projects,
Incidents

I. INTRODUCTION

Application Service Maintenance Projects generally
deal with First Level, Second Level and Third Level
support functions. Normally, First Level support deals
with On-Call support for handling Incidents, Second
Level support for handling Problems and Third Level
support for handling Enhancements or Change requests.

Classification of the support functions may slightly
differ from one organization to another organization and
also across the ASM projects within the single
organization[1].

First level support function Incident has been defined
as per IT Infrastructure Library(ITIL) “Any event which
is not part of the standard operation of a service and
which causes, or may cause, an interruption to, or a
reduction in, the quality of that service”’[2]. Many
Organizations which are dealing with ASM projects
adopt Service Desk for handling Incidents.
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In the intention of maintaining security and
confidentiality of data, authors are constrained not to
disclose the company or client name or project name or
exact named data in their research. In this context
Company name “Excellent”, Project name “Super” and
client name “Ideal” refer some dummy names. Authors
intended to use the past data of SEI CMMI Level 5
matured company “Excellent”. It’s Project “Super” which
is executed earlier for similar type projects data for client
“Ideal” is used to estimate and predicting turn around
time for Incidents. Incidents are also treated as tickets in
“Super” project.

We have used SEI CMMI Level 5 Multinational
Company “Excellent” Company’s data for our analysis
Purpose.

Excellent Company is a worldwide provider of
information technology services and business solutions.
Excellent Company has adopted industry models for
quality service deliveries.

Statement of the Problem : Estimating and Predicting
of Turn around Time for Incidents in ASM Projects.

Literature Review : We have undertaken literature
review to study work done till now by others with respect
to the statement of the problem mentioned above. The
literature on Maintenance Estimation is very sparse
compared to development estimation. Indeed, any kind of
literature on software maintenance is sparse compared to
the equivalent literature on software development [1].

Scope of this work : We have focused only on
Estimating and Predicting Turn around Time  for
Incidents. Problems and Enhancements are not in the
scope of this research work.

How this is useful to Software community?
Software community can be benefited by using this
approach in their ASM Project for improving agreed
SLAs for incidents for Turn around Time and to get new
enhancements and business.

II. METTHODLOGY OF THE WORK
A. Process Performance Model

Capability Maturity Model Integration(CMMI)V1.2
defines Quantitative Process Management(QPM) as one
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of its Process Areas. QPM serves in managing the
project’s defined process quantitatively to achieve the
project’s established quality and process-performance
objectives[5][6]. The purpose of the Quantitative Project
Management process area is to quantitatively manage the
project’s defined process to achieve the project’s
established quality and process-performance objectives.
We can predict process’s behavior, if the process is
stable, or under control. Statistical methods help in
evaluating whether a process is under control or not.
Control charts are used to calculate upper control limits
(UCL) and lower control limits(LCL). If a process stays
within limits we can assume that it is a controlled
process. We can use its past performance to predict its
future performance within these limits and can determine
its capability relative to a customer specification[5][6].

A control chart is a statistical tool used to distinguish
between variation in a process due to common causes
and variation due to special causes. Main significance of
using a using a Control Chart is to achieve and maintain
process stability. Process stability is a state in which a
process has displayed a certain degree of consistency in
the past and is expected to continue to do in the future.
This consistency is characterized by a stream of data
falling within control limits based on plus or minus 3
standard deviations (3 sigma) of the centerline.

B. Individuals and Moving Range Chart-XmR

Statistical techniques are used as tools of Statistical
Process Control(SPC) in QPM for measuring and
analyzing the variation in processes[9][10][11]. Control
charts are used as main tools in SPC which helps in
deciding whether change in process has resulted in
improved outcomes. “Individuals and Moving Range
Chart”(XmR) is a six sigma tool depends on the
consecutive differences in observed values. XmR chart
works on one observation per time period and
observations are independent of each other[3][7][8].
Average Moving Range = X Absolute[[At - At-1]] / (n-1)
Where n is Number of Observations

At is Observation at time “t”

At-1 is Observation at time “t-1”
UCL(Upper Control limit) = Average of observations + E
* Average of moving range
LCL(Lower Control limi) = Average of observations - E
* Average of moving  range
“E” is a correction constant which depends on Number of
Time Periods[8]

Control charts are helpful in analyzing the data to
determine if variation is due to common causes or to
special causes. Each process has a variation. Some
variation may be the result of causes which are not
normally present in the common process behavior. This
could be special cause variation. Some variation is simply
the result of numerous, ever-present differences in the
process. This is common cause variation. Control Charts
identifies difference  between these two types of
variation[3][7][8].

Importance of using a Control Chart is to achieve and
maintain process stability. Process stability is defined as a
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state in which a process has displayed certain degree of
consistency in the past and is expected to behave
similarly in future. This consistency is identified by a
stream of data falling within control limits depending on
plus or minus 3 standard deviations (3 sigma) of the
center line.

III. RESEARCH WORK DONE

A. Service Level Agreements

“Super” ASM project is a long term engaged project
with the customer which is having strict SLAs as shown
in below Tablel.

Table 1

SLAs For Incidents— “Super” Project
Incidents Response time | Turn around time
Severity
Severity 1 1 Hour 4 Hour
Severity 2 4 Hour 8 Hour
Severity 3 8 Hour 16 Hour
Severity 4 16 Hour 24 Hour

The focus of this paper is arriving baseline values for
Turn around Time for Severity 1 Incidents and to
monitor statistically Turn around Time for a next period
of time. This helps to know whether we are achieving
improvement in agreed SLAs for Severity 1 Incidents.
“Super” project may revise the SLAs with the customer
once they improve the SLAs internally by setting the
internal projects goals like to come out with baseline
values for turn around time. In next sections of the paper
wherever Incidents are discussed readers are requested to
assume those are Severity 1 Incidents.

B. Arriving Baseline Values for Turn around Time

We have taken nine months data of Incidents from
“Super” project for analysis purpose. Pls. refer Table Al.
MI,M2,M3...M9 represent month names. Start time
represents at what time programmer starts working on
incidents to fix. End time represents at what time
Programmer fixes the Incident. Turn around time is the
resolution time which has been calculated by End time
minus Start time. Reducing Turn around time for
incidents is one of the factor which influences in
improving the productivity and earlier defined SLAs.
mR is the Moving Range calculated by successive
difference between the Turn around time.

Ex: For Month M1, 80 mR value for Incidents id 6 has
been arrived by subtracting absolute value of Turn around
time of Incident Id 5 & Incident Id 6 and similarly
follows for other Incidents Ids.

X bar has been calculated by Average of Turn around
time starting from Incident Id 1 to Incident Id 268.

mR bar = Sum of mR for Incident Ids(1.. 268)/ Count
of number of data point rows -1 = 37.92 Minutes.

Below Table 2 shows formulae for Sigma UCLs and
Sigma LCLs Calculations,
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Table 2
Sigma UCL and LCL Calculations
3 Sigma X bar +2.66 * mR bar
UCL(Upper control
limit)
3 Sigma X bar - 2.66 * mR bar
LCL(Lower control
limit)
2 Sigma UCL X bar + (2*(2.66)*mR bar)/3
2 Sigma LCL X bar - (2*(2.66)*mR bar)/3
1 Sigma UCL X bar + ((2.66)*mR)/3
1 Sigma LCL X bar - ((2.66)*mR)/3
mR bar UCL 3.268* mR

All UCLs and LCLs for Turn around time have been
calculated by using the values from Table 2 and values
are listed in below Table 3.

Table 3
Arrived LCL & UCL Values for Turn around Time

3 Sigma UCL 153.50 Minutes
3 Sigma LCL 0 Minutes

2 Sigma UCL 119.87 Minutes
2 Sigma LCL 0 Minutes

1 Sigma UCL 86.24 Minutes
1 Sigma LCL 18.98 Minutes
mR bar UCL 124 Minutes

Incidents data collected for nine months with arrived
UCL and LCL values are shown in Table Al under
Appendix. Chart for Individual ‘X” has been drawn by
using the data from Table Al as shown in below Fig. 1.

By referring Fig. 1 we came to know that Incident ids
139,142,152,154,156 are outside of 3 sigma level. We
have removed these points as shown in Table A2 to for
arriving new set of baseline values for UCLs and LCLs.

By referring Fig. 1 we came to know that Incident ids
3, 129,131, 141,143, 209, 237 and 265 are outside of 3
sigma levels. We have removed these points to arrive
new set of baseline values for UCLs and LCLs.

X bar value has been arrived to 45 Minutes compared
to earlier value of 53 Minutes. Out of Control data
points(Incident Ids 3, 129,131, 141,143, 209, 237 and
265) have been removed since this has been identified as
a special cause. This is essential to achieve process
stability. We can delete data points affected by special
causes and use the remaining data to compute new
control limits to arrive baseline values. Same has been
shown in below Table 4.

Table 4
Arrived LCL, UCL , X Bar Values for Turn Around Time

3 Sigma UCL 112.88 Minutes
3 Sigma LCL 0 Minutes

2 Sigma UCL 90.25 Minutes
2 Sigma LCL 0 Minutes

1 Sigma UCL 67.63 Minutes

1 Sigma LCL 22.37 Minutes
mr bar UCL 83.39 Minutes
X bar 45 Minutes
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Figure 1. Chart for Individual ‘X *

We have analyzed the next set of Incidents data for the
next subsequent Month M10 shown in Table A3 under
Appendix .

PIs refer below Fig. 2 Chart for Individual X which
uses the data from Table A3 for Month M10.

By referring Fig. 2 we came to know that during the
Month M10, Incident IDs 269, 280 and 289 lies outside 3
sigma control limit. We have conducted root cause
analysis for these incidents & came to know that this is
due to the root cause “Understanding of Specifications”.
Corrective action has been taken to the team members by
arranging training and proper domain specific Knowledge
transfer.
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Figure 2. Chart for Individual ‘X © for M10

C. Quantitative Improvement Results

We have followed the QPM methodology for next set
of Month M11,M12, M13,M14, M15 and M16 as shown
in Tables Table A4, Table A5, Table A6, Table A7, Table
A8 and Table A9.

Table 5 shows month wise incidents details as mentioned
below:
e  Month Name

e  Total Number of Incidents resolved
e  Total turn around time
e  Average turn around time.
e  Number Incidents outside 3 Sigma UCL
Table 5
Consolidated Incidents data
Mont | Total | Total Total | Avera | Numb
hs Numb | Around | Turn | ge er
erof | Time(in | Arou | Turn | Incide
Incide | mins) nd Arou | nts
nts Time( | nd outsid
HH. Time |e3
MM) | in Sigma
Mins | UCL
M1 47 2531 42.11 54 1
M2 42 2287 38.07 54 0
M3 26 1298 21.38 50 0
M4 21 1055 17.35 50 2
M5 55 2721 45.21 49 2
M6 14 633 10.33 45 0
M7 28 1356 22.36 48 1
M8 20 1053 17.33 53 1
M9 15 1165 19.25 78 1
MI10 25 623 10.23 25 3
MIl1 14 329 5.29 24 0
MI12 24 438 7.18 18 0
M13 59 923 15.23 16 1
Ml14 15 183 3.03 12 0
MI15 7 60 1.00 9 0
MI16 13 195 3.15 15 0

Fig. 3 below shows Improvement in Average turn
around time for Incidents
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Figure 3. Improvement in Average Turn around Time for Incidents

Below Fig 4 shows the decreasing trend of Out of
control points which clearly distinguish between the
Months range M1 to M9 to M10 to M16.
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Figure 4. Out of control Points — Decreasing trend[M1 to M9 to M10 to
MI16]

D. Average Turn Around Time Validation

By observing Table 6 & Table 7, we infer that for the
Months M1 to M9 we have obtained Average turn
around time as 53 Minutes and 8 incidents are out side 3
sigma control limits. We have arrived the baseline values
for Average Turn around time as 45 Minutes by
removing the out of control points, since those points are
due to special causes by our root cause analysis. By
implementing proposed methodology for next set of
months M10 to M16, we have got 25 Mins, 24 Mins, 18
Mins , 16 Mins, 12 Mins, 9 Mins and 15 Mins
respectively as shown in Table 6. We have achieved the
significant consistent improvement in average turn
around time for Months M10 to M16 as shown in last
row of Table 7. This implies that we have achieved 50 to
60 percent less than the Average turn around with respect
to Months M1 and M9. Also Out of control points are
significantly reduced in Months M10 to M16 as shown in
above Fig 4 by proposed methodology.

IV. CONCLUSION

Incidents are most vital since, in many cases it affects
production operation environment. Estimating and
prediction of Turn around time for incidents in ASM
Projects help project managers to plan and allocate his
team members to different project activities by seeing the
trend of incidents in subsequent periods. From our
research, it is found that up to 50 % (approx) reduction in
average turn around time is possible. This also helps in
improving of agreed Service Level Agreements (SLAs)
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with the customer which helps in getting new project
contracts or Enhancements in long term engaged ASM
model.

Table 7
Consistent Improvement Average Turn around Time

XmR chart can be used to arrive baseline values for . -
turn around time to set the control limits. This helps in It Yl o e T amundnme oefe propcsed ppreach (M £ D)
monitoring the project using statistical process control by LW
Quantitative Project Management. Similar analysis can Biselne Vali o s Tom aound s b poposing e appocatt o M)
be extended to Level-2[4], Level-3[4] and etc., Support 5 ire
functions of ASM Project.

Saved time may divert in Enhancements activities. i i M M3 sl e
This helps to project managers to plan and allocate his mpementaton| mleetaton{m mplementeionn) mplmenteion | mplementt leetal mplmenta
team members to different project activities depending on fn) i) ) ] |orfn)  fionfon)

estimating and predicting the turn around time by seeing
the trend of incidents in subsequent periods. This also ‘
contributes to improving of agreed Service Level At e
Agreements (SLAs) with the customer which helps in a0t afer
getting new project contracts in long term engaged ASM ey
model. Six sigma tool “Individuals and Moving Range
Chart”(XmR) has been used as Statistical Process pmpused
Control(SPC) to arrive baseline values and for calculating |3 piiih A A [ [ [ : 4

Herge Tom

Control limits for turn around time. We have used the Consietnl
baseline values to analyze next set of data points to

address variations of causes with root cause analysis. \mpmvemem(
W
Table 6
Average Turn around Time Validation ;um amhundd) 3 9 5 v | " 0
Mg ACeie
Mont | Total | Total | Total Averag | Num
hs Num | Arou | Turn e Turn | ber
ber of | nd Around | Around | Incid
Incid | Time | Time(H | Timein | ents V. DiscussioN
ents (H.l HMM) | Mins gutgl By observing Table 6 and Table 7, we infer that for
mins) S?gm Months M1 to M9 we obtained Average turn around
a time as 53 Minutes. We have arrived the baseline values
UCL gor z?lveragehTurn ar.ougd l;[irrtl)e aslf15 Milnutei by Srg}iysis(i
urther we have arrived the baseline values for an
Mi 268 1409 234.59 >3 8 LCL values for turn around time by monitoring and
;\(/)19 9 controlling the processes statistically. We have obtained
25 Mins, 24 Mins, 18 Mins , 16 Mins, 12 Mins, 9 Mins
Mi 260 1178 | 196.27 45(Bas and 15 Mins for subsequent Months
to 7 cline M10,M11,M12,M13,M14,M15 and M16. respectively by
M9 Value) analyzing, monitoring and controlling the data by QPM
after methodology. We have achieved the significant
remo improvement in average turn around time for Months
ving MI10 to MI16 which is 50 to 60 percent less than the
out of Average turn around with respect to Months M1 to M9 as
contr shown in Fig 3.
ol
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Incidents Data Sheet for XmR chart — M1 to M9

APPENDIX
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169 10 04 1015 11 il . ~
AF0 1211 1215 4 7 Mg 254 120 1.25 5 45
171 1 .55 1 .59 “+ o
17 =10 EEE] E1 =7 255 157 1.45 a 3
173 F.0= .22 <+ o
v ER =.=a L= T 256 1.54 257 =] a5
biee - o —— e 257 256 s23| 147 a4
e flotio it = = 258 2.20 2.25 5 142
e e = 253 2325|3345 0 15
all=h] =il =5ilS = =l 260 405 510 2 42
18= 105 115 =] s .
183 1012 1018 s =+ 261 12.25 12.32 7 55
154 12 .00 1207 - 1
1Es 1=z 54 =03 a=a == 262 235 245 10 3
i e e = 263 214 2149 5 5
. B =1=]
i Aa T —— = 264 2.35 Z38 4 1
1a0 e = = = 265 1410 2.3 L bt
191 =255 3.03 =) S0
Lt 1 ez A= a0 1251 11 E] 266 251 255 4 Tar
19 2.9 =.50 =10 S5
1o 1.=0 =.=0 =] = 267 1.30 1.53 23 18
195 E Y S50 55 =]
1as =.a= S as 5= = 265 254 3.55 E1 35
197" =41 3.50 = =
195 A .00 =z =5 85 =]
199 4 .50 1. .50 =20 ==
p={u]n] =.57 5.03 L] 14
=201 11 .52 =.01 143 14=
202 100 1 .07 - 14=
203 245 3.50 =9 =7
2043 8.33 840 - =7
Z05 10 05 A0 =5 =20 13
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Table A2 nMs3 a0 226 546 =0 &7
. . . =1 2.40 Z.45 ES 15
Incidents data — After removing out-of —control points az =35 =.a0 &5 E
53 =40 5.4 55 =]
~M1 1 = o0 413 132 94 4 .02 =10 [==] 3
a5 2 .40 545 ==] 3
=2 2.57 3.2 == [=F3 =r= = =a = a5 T Fr
<+ 1.50 415 s G0 a7 1.58 =1z 14 E]
=) 2.37 S5.42 55 a0 a5 S 4.20 =] S5
=] 2.40 .47 &7 2 |3 110 216 &) 3
7 1.54 o 59 BS 2 100 2.42 .45 535 3
s = =0 == &5 o Er=2] EGE a0 53 =]
P EEo e &6 = == = aa S50 55 =
10= 4 a4z S a5 53 El
s 240 k) &5 i 104 = a4z a5 &3 =]
i) S0 5.25 L] allE] 105 =33 EXY] 52 3
12 320 4.25 55 10 106 2.40 .45 65 E]
13 .50 S.00 7o = 107 410 ERE] 55 a
14 .30 4 .45 15 S5 105 410 515 55 [=]
1= S a5 5.50 &5 =0 109 1045 11 .00 15 S0
16 1.3 .36 2 El 110 .50 .00 1o E
17 3.05 410 55 El 1) .00 =t = =
11z =15 =20 = o
18 =SS ST 52 = 113 ERE) =7 &7 &2
19 SES0 B &5 3 114 1250 1.05 15 52
20 1.50 S20 20 25 115 11.57 12.29 E= v
21 1.02 225 S3 7 - 116 355 4.40 45 13
22 2.45 355 o 13 117 207 3. 20 = 25
23 1.35 2.55 EE 10 1= SIECLE) == sl =
24 2.27 .40 73 7 alalEc] =10 ERLs 55 =
=5 =40 345 &5 E = oo 2.40 o s
121 127 =35 55 =
26 5.05 410 &5 [&] S T o e =
27 s.05 510 &5 5] e S Si=o = o
25 =55 z.45 7 B 1za = a0 =50 ] a
=29 235 340 G2 =5 12s 1= 5= 1z.51 i E]
=0 555 615 20 4= 126 =22 =.35 13 5
v = =5 = =0 1= = 1z7 1= .47 1z.59 1z 1
= TET e e = 1za Tz 9.07 11s 103
= e = T2 = 130 10.55 11.05 10 105
132 1040 10165 = =4
34 2.41 5.6 == a5 1=3 + 5a FRE] N d EE]
=5 112 220 &5 E T =19 S 1= =
=6 2.35 3.40 &5 E) 15s =33 S as5 1z =]
a7 =2.40 245 =) [=1u]) 136 4.10 415 = B
=5 Z 05 L] 0 5 s 137 540 4.50 o &5
=g > 38 =0 1= = 132 .29 1041= 106 ES
o SET o o 5 132 B S50 = EX
140 10 .45 11 .45 ==] 10
Sl 255 2= s = 14z =50 S0z Tz 7
42 =245 2.50 = = 1aa 11 05 1213 = a
45 =240 245 3 1 1as 5.4z 1106 = EX)
44 2.40 2.43 3 =] 146 v .30 =368 E5 a2
45 =.40 245 = = 147 11.02 1213 1 5
a5 Z 57 S05 = o 14= EE) EXG 75 7
47 12.20 12.25 s 5] CE] EE ST A L =
[LE] 48 3.40 445 &5 &0 o e 2.50 o 2
151 4 30 535 &5 =
49 =00 522 G2 17 1o el P = =
=0 11.30 1.30 120 ESS e e S = &
=1 1922 2025 &2 S 154 140 =30 S0 3
S2 12.29 1.49 50 15 155 112 =.50 a5 15
=3 259 404 5 15 156 11 .33 1214 EX 57
=a = a0 =45 5 o 15+ =D =50 TE ES
=5 3.04 409 = 5] 152 228 ERsis) = G
153 S5 EREd &2 EE]
SE =55 Sl 7o S 160 1222 12.35 13 EE]
57 s sl E= = 161 100 114 G 51
58 =2.37 F40 = 3 162 1020 1050 10 Sa
a9 245 357 72 10 163 11 .21 12.24 == 53
[=]n] 3.25 4 30 = 7 164 1233 196 57 =+
&1 =10 235 5 =0 16s 77 E) 11 =5
E2 245 3.52 54 =1 168 .00 .20 =0 2
= e ot e & 167 1030 11.3= 55 ES]
162 1205 1z= 10 55
o =t00 S50 = = 163 10.04 1041= a1 1
55 =45 4.02 ki 1= o SEEE Y & =
EE 5.50 4.55 &5 1= 171 T =5 T E o]
57 2.44 3.50 &6 1 172 =10 EREl 51 =7
[=1=] 1.30 1.50 20 A6 173 N .22 E3 =7
59 = ao =50 70 =0 17a EES =54 =] a4
=5 = T g - 175 1235 136 51 a3
71 1 54 05 a1 T4 : ;E 152 = SE: 142
72 7.00 5.15 k=l 16 T 1040 o6 = =
73 3.00 417 G = 179 000 1013 = 7
74 1.25 =50 G2 15 =0 11 50 11 .55 = =
=) 2.45 3.00 15 47 151 210 =R = = =]
76 245 3.00 15 o 18z 1.0s 1= 10 B
fid 305 4.09 G 45 ll=F] (il allelale) L] L
Fa=) = a1 =45 Gd [5] 154 1200 1207 ki 1
15 1z 54 503 129 1z=z
L 256 #.00 g4 o 1565 &0 & 54 13 1S
(1) eSS cholT] E= 1 187 7 30 7 az 1z E]
a1 215 =20 = 50 185 1.47 ERE == 15
82 2.44 2.47 3 2 159 1.54 213 =24 “+
53 10 525 15 1= 190 = =.00 =] &4
Er FRE 425 7 ) 191 oS5 EXaE] B S0
=5 1.05 115 7 [&]
=6 12.40 12.55 15 E)
57 =.34 240 & E]
=8 235 2.40 E] =
=9 EE 515 13 E]
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MG 192 12.40 12.51 11 3 Table A3
56 =5 .
1= s — Incidents data for Month M10
194 1.30 2.30 50 [E]
195 4.44 5.50 56 E
196 2.42 345 53 3 Month |Incidents|  Start End Tum | mR (X bar [mR bar |3 Sigma |3 Sigma |2 Sigma |2 Sigma | 1 Sigma (1 Sigma|  mR
197 a4 350 =] S [Tickets | time | Time | aroun (UCL) | (LCL) | (UCL) | {LCL) | (UCL) | {LCL) | bar{UCL)
1as 4.00 225 a5 TE lds time
149 1 a0 150 20 55 Mo | 2E9 | 368 | 40 | 152 45 | 00 | 1288 | 28 | W05 | 025 | 6783 | 23 | MM
200 5.57 5.03 B 14 0 | 43+ | 440 | 6 | 146 | 45 | 400 | 11280 | 2200 | 9025 | 025 | 6783 | &2 | 4110
201 11.32 2.01 149 143 0| 18 | 11s | 10 | 4 |45 |0 | 11288 | 2288 | 9025 | 025 | 6783 | 2% | 1
202 1.00 107 7 142 77 | 303 | 324 | A | 1 | 45 | A0 | 11288 | 2288 | 9025 | 025 | 6783 | &2 | 100
203 2.46 3.50 54 57 73 | 2 | 245 | 3 |18 |45 || 11288 | 2288 | 0% | 025 | e783 | 2% | 1
204 5.33 5.40 7 57 T4 | 29 |2z | 4 |1 |45 || 11288 | 2288 | 9025 | 025 | 6783 | 2% | 11
205 10.05 10.25 =20 13 ERERERE 8 4 |45 [sa00 | M288 | 2288 | 8025 | 025 [ e7ES | 2 | 1M
M7 206 3.15 4.22 &7 47 6 | 35 | 33 | 5 | 3 |45 |0 | 11288 | 2288 | 9025 | 025 | 6783 | 2% | 11
207 2.50 3.04 14 53 27 | e | ens 5 0 |45 [0 mae | 2288 | sz | 025 [ ees [ 2w [
208 .30 4.40 7o 56 78 | 200 | 215 | 15 |10 | 45 |00 | 11288 | 2288 | 9025 | 025 | 6783 | 2% | 10
210 s.58 703 55 s 79 | 15 |13 | 4 |10 |45 [ | 128 | 2288 | 0% | 025 | e8| 237 | 1
211 =56 3.40 54 1 B0 | 35 | 580 | 155 151 | 45 | 400 | 11288 | 2288 | 9025 | 025 | e783 | 2% | 1
212 23.33 23.58 25 39 B[ 42 [ am |9 [es | a5 [ w00 s | e | w0 |05 | e | 2w | mn
213 23.30 23.42 1= 13 | e | a0 | 1 g |45 | M | 1208 | 2289 | 9025 | 025 | 6783 | 223 | 1IN
214 12.57 205 88 56 23 | S0 | 505 | 5 | 4 |45 | 400 | 1288 | 2289 | 9025 | 025 | 6765 | 24 | A1
215 1.10 1.30 20 45 4| 350 | 35 | 8 | 3 |4 | 00| 1288 | 2269 | 0% | 025 | 6766 | 24 | A1
216 310 322 12 g B | 1208 |20 | 3 BRI EEEE R EEREER T
=1 12.34 12.47 13 1 B | 246 | 25 5 AEEREEEE PR IEEREER T
218 12.351 1246 s e /| 44T | es 4 1|45 [ [ 11288 | 288 [ w025 | 025 [ s | 23 | mn
219 12.50 1.02 = = | 4 [ am | 7 |3 |45 [woo s | e | w0 | an | e | 2w | mn
220 215 3.22 S =5 9 | 1245 | 315 | 147|140 | 45 | W00 | 1288 | 2288 | 9025 | 035 | 616 | 2 | 110
221 12.22 1232 s =Lt 0| 48 | 5@ | 13 |13 | % | MW | 12m | 2w | W5 | 05 | o8 | &W | 1
2332 219 2.32 il =) W | 37 | 52 | 15 | 2 |45 |00 | 1288 | 2289 | 9025 | 025 | G766 | 24 | A1
= 20.40 2051 il = W | A%/ | a3 | 8 | 7 | 4 | o0 | 1126 | 2288 | 025 | 025 | 676 | 29 | 1141
b 316 4.1 5 = W3 | 530 | G40 | 10 | 2 | 4 | SO0 | 11269 | 2288 | W25 | 025 | 678 | 29 | 11141
225 12.25 12.35 10 55
225 12.27 1.35 &5 55
227 12.25 1238 13 55 Table A4
225 12.33 1.39 56 53 Incidents data for Month M11
229 2012 21.18 66 o
12 54 - - " - - - -
;;D il 3152 i §'§§ B = Month (Ineidents| Stat | End | Tum | mR | Xbar |mRbar| 3Sigma | 3Sigma |2 Sigma |2 Sigma | 1Sigma |1Sigma | mR
e 1= 19 1 :25 57 > [Mickets | time | Time arloun(l UCL) | (LCL) | (UCL) | fLCLY | (UEL) | (LCL) | barfUCL)
235 1217 125 65 1 Ids time
M3 =3 255 318 23 45 TR A AR
235 255 3.20 25 2
236 255 EXE 1= EE) L X T Y O O R 6/ A O
238 5.40 G.45 55 53 WG| | ME [ M | B |45 | TN NB | DB | 0B | 68 | 2T | uE
239 117 1.40 23 42
o aNEn Sing T = | MO | M3 3 | B |45 | T8 | 2B | DB | 0B | 76 | 2F | HE
241 127 3.30 123 [EE] R I - T A O OO v LV T 1S 0
242 ] i E s B WS || B | B |45 | TR N8| N8| DB | 0B | 68| 27| uE
2473 113 3.33 140 75
= T SPlen ol T 1 N T T O v T O v O T v O
Z45 12.56 137 4 31 T A O O O O A T 1S 0
= =58 508 = == W[ ranE| ¢ [5]6 [nn[me| e 0s |15 o8 |0y | as
247 247 353 56 i
am 1229 152 EE) 3 W8 | B[ 0| B | 45 | TE| 128 | 2B | 0B | 0B | 676 | 2 | HA
249 23.40 0.20 40 23 1 O A O O v D 1S 0 /R
250 1012 1018 5 34
v SKie TR =5 =5 To |08 | 0| N | B |45 | TR 08| N8| DB | 0B | 68| 2T | uE
252 250 302 12 23 1S R O T O A O v T D O v O T v O
=) iEss =S =0 == T A O T O v B 1S 0 R
M3 254 1.20 1.25 5 45
255 1.37 1.45 E 3
256 1.54 257 53 55 Table AS
257 2.56 5.23 a7 G4 Incidents data for Month M 12
258 2.20 2.25 5 142
259 23.25 2345 =20 135 Month |Incidents| Start | End | Turn | mR | X bar [mRbar| 3 Sigma | 3 Sigma | 2 Sigma |2 Sigma | 1 Sigma |1 Sigma| _ mR
250 4.05 540 B2 42 ITickets | time | Time |around ey | (ewy | uewy | e | el | e | barucl)
261 1225 1232 7 == e time
252 2.35 245 10 3 Mz 308 1.50 240 50 45 1600 | 11288 -22.88 9025 028 BT E3 237 5229
309 245 255 10 40 45 1600 | 11288 -2288 015 025 6763 237 5229
k) el =5l = = 310 2250 2320 30 20 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
254 235 238 4 1 3 | BE | B | 1 |18 | & |fem | M6 | e | 0% | 0% | 66 | mw | 5B
2EB6 251 2.55 4 o 312 2320 | 2345 25 13| 45 | 1800 | 1288 | -2288 9025 | 025 | 6783 | 2237 5229
26T 1.30 153 23 19 313 2325 2340 15 10 45 1600 | 11288 -2288 9025 025 6763 237 5229
- - =2 =5 314 2325 2340 15 1] 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
268 254 355 315 037 045 -] 7 45 1600 | 11288 -2288 9025 025 6763 237 5229
316 025 040 15 7 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
317 2302 2325 23 -] 45 1600 | 11288 -2288 9025 025 6763 237 5229
318 2310 2328 15 g 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
319 3.00 310 10 5 45 1600 | 11288 -2288 9025 025 6763 237 5229
320 .00 719 19 El 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
321 242 333 5 3z 45 1600 | 11288 -2288 9025 025 6763 237 5229
322 .03 T30 2 2 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
323 23 242 14 13 45 1600 | 11288 -2288 9025 025 6763 237 5229
324 3.3 345 7 7 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
325 237 238 2 5 45 1600 | 11288 -2288 9025 025 6763 237 5229
326 110 120 10 g 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
327 330 330 a 10 45 1600 | 11288 -2288 9025 025 6763 237 5229
328 1.08 107 2 2 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
329 407 510 63 B1 45 1600 | 11288 -2288 9025 025 6763 237 5229
330 515 525 10 53 45 1600 | 1288 -22.88 9025 028 BT E3 237 5229
33 605 610 5 5 45 1600 | 11288 -2288 9025 025 6763 237 5229
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Table A6 Table A8
Incidents data for Month M13 Incidents data for Month M15

Month| Incidents / | Start | End | Turn | mR |Xbar | mR bar | 3Sigma | 3 Sigma | 2 Sigma | 2Sigma | 1Sigma | 1Sigma mR . | " " ’ , 1 , . .
Tickets Ids | i Ti d ey | (e {uer) Len {uety (LCL) | bar(UCL)

B e <= e e o R =R = Mook bt | St | B | Tum | o8 X S Y5 £ ima) 25 5imal 15m |-

ekl 615 | 656 41 38 | 45 | 1800 | 11288 | 2288 9025 025 6763 2237 229

N N e 0 N N ) Tikets | G | Te: o UL | CEE L) | L RS | L) {

ke 7302 | 2345 43 41 [ 45 | 1600 | 11288 | 2288 025 025 6763 237 5229
3 202 838 ® 7 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 29 M15
38 2350 | 100 10 26 | 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229

O I e L 1 I

33 23100 20 | 10 0 |45 | 1600 | 11286 | -2288 4025 02 6763 2.3 S
340 615 | 625 10 0 45 | 1600 | 11288 | 2288 025 025 6763 237 5229
kil 536 | 556 n 10 [ 45 | 1600 | 11288 | -2288 8025 025 B763 237 5229
342 533 BN 2 2 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229

343 245 | 283 & 14 | 45 | 1600 | 11288 | 2288 9025 025 6763 237 2.
3 805 | 820 15 7 45 | 1600 | 11288 | 2288 025 025 6763 237 5229
M5 10| 120 10 5 45 | 1600 | 11288 | 2288 025 025 6763 23 5229

47 050 | 13 45 30 [ 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229

348 240 002 2 23 [ 45 | 1600 | 11288 | 2288 025 025 6763 237 5229

349 336 | 2354 18 4 45 | 1600 | 11288 | 2288 025 025 6763 237 5229
0 143 | 200 17 1 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229
al 425 | 500 3 18 | 45 | 1600 | 11288 | -2288 9025 025 B7.63 237 5229

3F2 546 | 548 2 33 [ 45 | 1600 | 11288 | 2288 025 025 6763 237 5229
ix 640 | 650 10 8 45 | 1600 | 11288 | 2288 025 025 6763 237 5229

iy 248 | 258 7 3 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 29

FhE B43 | B4E 3 4 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229
3B am | 818 18 15 [ 45 | 1600 | 11288 | -2288 025 025 6763 237 5229
37 932 | 840 & 10 [ 45 | 1600 | 11288 | -2288 025 025 6763 237 5229
i) 905 | 908 3 5 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 29

346 005 | 020 15 5 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229 4

39 1230 | 208 95 92 | 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229
360 306 | 316 10 65 | 45 | 1600 | 11250 | 2280 9025 025 6763 2.3 S

Kl 300 | 500 420 | 10 [ 45 | 1600 | 11288 | 2288 025 025 6763 237 5229 Table A9

3 B3 835 4 16 | 45 | 1600 | 11288 | 2288 8025 025 B763 237 5229 .

% 620 | 83 | 15 | 11 |45 [ 1600 [ 1128 | 2288 | w25 025 6763 | 257 5229 Inc]dents data f()r Month M 1 6

364 £ | 828 8 7 45 | 1600 | 11288 | 2288 0.5 025 6763 235 229

385 1225 | 1240 15 7 45 | 1600 | 11288 | 2288 025 025 6763 237 5229

366 143 | 208 13 2 45 | 1600 | 11288 | 2288 025 025 6763 237 5229 . | . N . N . N

% Lon| om [ % | w [® |0 |en| o8 | 05 | 05 | wm | 0y | e Month nidents /| Stat | End | Tum ml Xbar |mRbar [3Sigma |3Sigma 2Sigma |2 Sigma 1 Sigma |1 Sigma R
368 500 | 509 9 S0 [ 45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229

W | 100 | 12s | ;es | ®> | 0> | e | By | w26 Tickets | time | Tiie | around (L) LCL) |(OcL) (LCL) (UEL)  HLCL)  {parUcL)
© [ fom | 1288 | wm | NB | 0% | wB | 25 | 28 i
45 | 600 | 11288 | 2@ | WE | 4B | W@ | 2w | %A |ds time

39 541 | 545 4
370 458 | 506 7
I S| S48 5
3 1250 | 100 10

45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229
45 | 1600 | 11288 | 2288 025 025 6763 237 5229
1600 | 11288 | -2288 025 025 6763 237 5229 Mm 532 549 1

3 603 | B
I 616 | 618

45 | 1800 | 11288 | 2288 9025 025 B7.63 237 29
45 | 1800 | 11288 | 2288 9025 025 B7.63 237 5229

I 1239 | 1245

=
=

e | ==

&
3
&
6 e[ 6m | 4
7
3
3

W a5 | @ |60 [ 1em | @ | %% | 05 | Gm | aw | B8
7|50 | % @ | 1600 [ 112w | @ | 0% | 05 | Gm | aw | B8 51| W | LRI ¥ 3 3
9 |sm | a0 @ | 16w | frese | wm | wm | 02 | em | ey | 26

0 |ser | om0 | 3 | 10 | & | 1600 | 1rees | e | wa | 0% | we | 2w | wn |

B 1| @ [ 0 | 3 |6 [ foo 11200 | we | W& | 0% | w6l | 2 | am IR fha0 | 10 | 2 L f i
B [nm| 10 | 9 | 1 | & [fom [1em | ue | 95 | 0% | 6@ | 23 | 28

W |mm| 110 | 5 | & | & | 1600 |1em | mm | wa | 0% | & | 2y | @ e tE | oo 1800 | 1128 |22 ) b i
B || e | 2 | 5 | & | 1em | 12w | s | wa | 0% | e | 2w | wn

FE |s0s | o5 | 0 | 8 | & | Tew | em | e | w® | 0% | we | By | 6 Bo(naiin| 5 | % 1800 | 1288 12 ¥ [} "
3 |sm | em | 9 | 1 | & [fom [1em | wm | W& | 0% | 6@ | 23 | %A

3/ |5k sm | 13 )4 1 aﬂ 1 ﬂ 1 8 2 2 ﬁ 8
B |sar | 5% | 3 | 10 | 6 | 1o00 |12 | e | wa | 0% | we | 2w | w@n ’ ’ i : ’ !
B |sn| 577 | 5 | 2 |6 160 |12 | s | wa | 0% | e | 2w | @

30 M| 1M 3 2|45 [ 1600 [ 11288 | 2288 | 8025 025 6763 | 23 522 Mg HN 1 U 1 8 2 2 B 8

=
=2

Table A7

=
=

Incidents data for Month M 14

=
=

| = | | == =

|
!
!
|
|
!
45 | 1600 | 11288 | 2288 | 9025 025 EERIEEREE d
{
{
{
{
{
{

Honth (Incidents | Stat | End | Tum | mR | Xbar |mRbar |3 Sigma |3 Sigmal2 Sigma |2 Sigma | 1Sigma 1Sigma | mR I i o0 | 1| 5| b
Tickets | tme | Time | around (UCL) | (LCL) | (UeL) | LCL) | (UCL} | (LEL) {bar(UCL) WMl b6 1800 | 11288 | -2 % | G il
Ids fine
LU IO/ A [ 5| B0 | 1288 | 288 | 025 | 0B | 676Y | 297 | KM
I oI B BB |3 | B0 |08 | 26| WD | DB | TR | T | BN
J3O[30 [ ME AT |8 | 45| 800 | 11268 | 288 | W | B | 68 | 28 | KU
B[R [ 3& | B || & | 800 | 11268 | 268 | W | B | 66 | 2T | B
B[R | F | 45| B00 | 1268 | 288 W | B | GE | 28 | Bl
Je [T [ TA LD | 1| 45| B00 | 1268 | 288 | WX | B | 68 | 29 | KU
PP M L2 )T | Y| 45| B00 | 11268 | 288 W | B | 68 | 2T | KU
e[ 2E (30 ) B |1 | 45| 800 | 11268 | 288 | W | LB | 68 | 28 | KU
JoOPTT TR S || 45| 800 | 11268 | 288 | WB | B | 68 | 28 | KU
M0 [ 30 B |1 | 45| B00 | 11268 | 288 | WX | B | 68 | 28 | Bl
0 (08 (18 | 3| 45| 800 | 1268 | 288 W | B | 68 | 08 | Bl
M2 (78 (T8 )Y | B | 45| 800 | 11268 | 288 | W | B | 68 | 0T | KU
M3 (25 (300 ) 7 4 | 45| B0D | 11268 | 288 WX | LB | 68 | 2T | KU
4 [0 (15 A | 3| 4| B00 | 1268 | 288 | WX | B | GE | 28 | Bl
05 | B0 [ BOE | 5 |3 | 45| BOD | 11263 | 280 WX | LB | 68 | 2T | BU
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