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MODIFIED GOEL - OKUMOTO MODEL FOR ESTIMATING SOFTWARE RELIABILITY
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Abstract: Software Reliability Growth Model (SRGM) is one tife fundamental techniques used to as
reliability of software quantitatively. Softwareliebility growth model isrequired to have a good performanc:
terms of goodness of fit, predictability, and satHo A number of models have been proposed duliegpgs
decades for reliability analysis of a software sgst But many of them are insufficient to correcthalyze the
exact reliability of the software. Moreover the adation of the time period up to which the testhmag to be
done before the release of software for publiciss®t possible to predict through these modelgréfore in
this chapter we have ggented a Modified G--Okumoto Model through which a threshold value iEwdated
which will provide the software development teanthvthe minimum time period up to which the testiras tc
be done and after that the software can be reldasgaiblicuse. But the applicability of SRGM highly depel
upon the correct estimation of parameters. Estonatif model parameters is usually different acegdio
different estimation methods. In this paper we halso will summarized about the parameters the
significance of these parameters on the predidtalf reliability by the Software Reliability Graw Models
(SRGMs).

Keywords: - GoelOkumoto Mode, Software Reliability Growth Model®oundness fact.

Introduction: Any software reliability growth mode¢ 1. If we know how a parameter arises, it can

(SRGM) can be considered to be a matheme estimated even before testing begins. Sa priori
expression which fits the experimental data. It rba values when are estimated using past eence, it
obtained by simply observing the overall trend can be used to do the preliminary planning
reliability growth. But some of the models can alsz resource allocation before testing begin:
obtained analytially by making some assumptions at 2. The use of SRGMs suggests that in the beginnir
the software testing and debugging. Some of testing, the initial test data yields unstable peeter
assumptions are to keep the analysis tractabley atm values. In such cases, values can be ated using
be more fundamental in nature and can const static information, which can serve as a checks&
modeling of the testing and debugging processf.i parameter values can also be used to stabiliz
Goel digussed the applicability and limitations projections adding to the information obtained g
software reliability growth models during the sodie dynamic defect detection de
development life cycle in [2].The parameters of 3. Many a times iterative techniques can be use
model also have an important role in the interpi@teof estimate the parameter values. The values old
the testing process and the reliability of software. A depend on the initial estimates that are requice:
clear understanding of the underlying parameteves numerical computation. Use a priori values as the
us a valuable insight into the process initial estimate would initiate the search and |
closer to the values souc
*Corresponding author 4. Parameters that hqve an interpretatio_n s_ymbolie‘
‘Jaipur National UniversityjaipurAgra Bypass, Near Ne testing ad debugging process quantitatively. Tt
RTO Office, Jagatpura, Jaip86201’, India values can give us an understanding of the pro
E-mail: blessyt218@gmail.com They may help at reveal about how the inhe
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made more efficier
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This chapter examines the parameterthe exponential
models. A new interpretation of the parametershef
exponential model is presented.
Implication of Modified Goel-Okumoto Model
All  software reliability growth models al
approximations of real processes, thus none ca
considered perfect, but GorOkumoto model
(Exponential) is found to be applicable for a virief
software. Therefore this model has been choser
further study.
The Goelokumoto Model predicts the predicted el
with the help of roundness factor and the tim error
reporting. But it is insufficient to further anaf/zthe
reliability of the software. Therefore, modificatiin the
model has been done which includes a new variind
threshold value o). The threshold valuea) gives the
minimum time after wigh the software is considered
be reliable or the maximum time up to which
software is highly vulnerable and is not readyridease
for public use. Thenodified GoelOkumoto Model is
presented as follows:
n(t) = B (1 - e (Original Gcel-Okumoto Model)
n'(t) = ES(1-e”“%) where b™>0
(Modified GoelOkumoto Model Q)

M'(t) = Mean value function or the predict

number of bugs at time t

Er = Expectedotal number of defects in the c«

b’ = Mean value (Roundnesfactor)

t = Calendar time/ execution time/ numberest

runs

o = Threshold value
Further the reliability of the software can be rastied by
the Reliability Factor (RF). Further in this stu
reliability factor at two instances is done for quarison.
First at the threshold time and at final testingeti It is
found out that the reliability at the two instandesot
varying to a larger extent. Which indicates that #fter
the threshold time the software is approachingbdity
and is ready for public dispatch.
Parameter estimation is a discipline that prov
methods for efficient use of data for aiding
mathematical modeling of phenomenon and estima
of constants appearing in these models [1]. Moghe
parameter estimation cdre related to four optimizatic
problems [6]:
» Criterion: the choice of the best function to optie
(maximize or minimize)
Estimation: the choice of the best function to mjite
the chosen function
Design: Optimal implementation of the cho:
method toobtain the best parameters estim;

>

>

-2-

» Modeling: The determination of the mathemat
model which best describes the system from w
data are measured, including the model of the .
processes.

Further, the reliability of the software can alse

estimated by the alternate quantities of the failureac

Typically, software reliability predictions take tar

account factors such as the size and complexita

program. These predictions can be used to anahg
reliability of the softwart

Significance of the Parameters in Modified Goe-

Okumoto Model

Here we derived a method to evolve the paramekdts

b’ anda) of this mode

Total Expected Errors (Eg)

It has been observed that for a specific develop

environment and for the same software deument

team and for the same development/testing perloe
error density encountered is same [4is the number of
errors which is expected to be in the software witne
testing period starts. As the testing continuesrsrare
detected and debuggeln this model it is considered that
as errors are debugged new errors are not intrdd &

is computed on various factors which can affect

software development i.e the quantity which hagdx
assumed is influenced by several independent fe

Someof the factors which are discussed below
» Phase factors
» Programming Team Fac
» Maturity factor
» Structure Factor
» Requirements volatility fact

Mean value (Roundness factor) (b: Roundness is a
measure of the compactness of a shape. A cirdieel
most compact shape, so the more compact a shape
more closely it resembles a circle. Roundness rigtia
and therefore a dimensionless number. The rounc
factor may be calculated for any two dimensionalps
as long its area and perimeter iswn.
The roundness factor (b’) in SRGM depict the rat
which the error is decreasing in the software w
testing or the roundness factor (b’) representfdiere
rate of the software. Thmodified Goel - Okumoto
model predicts the number of errors which the saifé
might encounter. As the testing proceeds the egoes
on decreasing (it is assumed that the errors atdied
as they are encountere

For Exponential Model (increasing form) of equatibit

posses the following featur:

> Itis asymptotic in nature i.,ey=atori

» The curve passes through the coordinates

[ISSN XXXX-XXXX]
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> ais the upper limit

> The value will Increase, but bounded above by
Exponential decay models of this form can modets
or learning curves where there is an upper limit. T
done by subtracting the exponential expression fooe
and multiplying by the upper limit. Exponential dg
models of this form will increase very rapidly atst,
and then level off to become asytotic to the upper
limit.

Threshold Value (@): The threshold value represe
that time period which is considered to be the mamxn
time after which the software is considered to
reaching its maximum reliability. Up to the threkh
time the maximum eors would have been found out ¢
debugged (It is assumed that as no new errors
introduced while the errors are debugged). Aftez
threshold time the software can be considered tthé
main version.

Computing the values of b anda for Modified Goel-
Okumoto Model: Computing the value of b and from
equation 1

() = & (-e°“), where b>0 therefore,
u@) = (-e*")
Ee
oD ) = 1. u)
B

Taking natural log (In) on both sides, we F

In(e® ©9) = In(1- p(t))
E
-b*(t-0) =In(1 —u@)

because In() = x)

E
u=boa-b't (4) (u=-In(1-p(t))
Ee
Su=rd b - Byt 5
ztuzab‘zt—bztz 26?
Solving both equations (5) and
b>=YuXt-ntu 7
nyt — Q)

From equation 4

a=U+bt)b 8)
Reliability Factor
Reliability Factor (RF) = 1-(k/ Ee) [3] 9)

Ee = Total Expected Errors

Eeis the total number of errors which is expec
to be in the software when thesting period
starts. E is estimated depending upon varic
factors and has been discussed al

Er = Ec —Actual Error detected and rectifiec
Residual Errors

-3-

It represents the errors which are considered tim lhlee
software even after testingcompleted with reference to
the Total Expected Errc

Since Eis the maximum error which is expected in
software prior to testing. And since the residuabr
(Er) is the difference between the Total Expected It
(Eg) and Actual Errors detectedcan be utmost be equal
to Ezor less than E On the basis of this idea the rai
Er / Ez will be less and -(Er / Eg) will be less than 1.
This ratio gives the idea of the validity of the adeband
therefore 1-(k/ Eg) can be considered as Reliability
Factor (RF) on the basis of modified C-Okumoto
Model.

Thus Reliability Factor (RF) is the measure fortwafe
reliability [3]. Its value will vary between 0 and 1.
RF=1, then the software under consideration isegé|
however, if RF=0, then e software is highly vulnerable.
When RF approaches close to 1 then the softwarde
considered as reliable.

Case Study

Debain Operating Syster: To further analyze the
behavior of b and data set has been taken from the
reports by Debain [8] use which are hoisted at the
website of Debain Operating System. Debain i
Computer operating system composed of soft
packages released as free and open source so
primarily under the GNU General Public License gl
with other free software licee [9]. The data set consists
of the error reported by different users working
multicore architecture for 109 months [Appendix

b"=>uYt-n>tu (from 7)
nyt —(Ct)
n =109
Y tu = 3724.84 (From Table 3)
> u=51.025: (From Table 3)
> t=5995 (From Table 3)
>'t2= 437635

(T)2 = 3594002
b* =-51.0252 * 599:-(109 * (- 3724.84))
109* 437635 (5995%

b*=711903.63
11762190
b" =0.060524
a=-0.92773 + 0.060524 * 1= 5.669386
0.06052- 0.060524
a=93.671

a = 94 months
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The predicted errors at 94 months are 151.472:
(From Table 3)

And the actual errors found out and rectified i%

Total Expected Error £§£= 18(

Residual Error (F) = 180 —151 = 2!

Reliability Factor (RF) = 1- 29/180 = .83
Table 1: Comparison of RF at Threshold time anc
after completing the testing time

Time (in Months Reliability Factor (RF)

94 Months .83

109 Months .88

Indian Journal of Science and Research. Vol.1 Issue-1

Mozilla Thunderbird: Mozilla Thunderbirt is a free
[8], open source, crogdatform email and news clie

developed by the Mozilla Foundation. The pro
strategy is modeled after Mozilla Firefox, a proj
aimed at creating a web browser. On December %4,.
version 1.0 was released, and ived over 500,000
downloads in its first three days of release, a00@,00C
in 10 days [9] [10].

The bug report available on the official website

Apache OOo0 Bugzilla has been traced to find the

report generated by the user [7]

Calculating the values of b andx

b>=>uXt-n>tu (from 7)
nyt2 — Q.t)2
n =108
> tu =-4943.69 (From Table 4)
> u=-62.0767 (From Table 4)
> t=5886 (From Table 4)
Yt2= 425754

(T1)2 = 34644996
b’ = _-62.0767 * 5886 (108 * - 4943.69)

108* 425754 (5886):
b* = 899301.52
11336436
b® =0.07932
a=-1.65321 + 0.07932842 * 1 = 6.91425936
0.07932842 0.07932842
a=87.15

a = 87 months

The predicted errors at 87 months = (From Table 4)
And the actual errors found out and rectified i6
Total Expected Error (= 22°¢
Residual Error @ =225 217 =¢

Reliability Factor (RF) = 1- 8/225 = 0.9644

Table 2: Comparison of RF at Threshold time anc
after completing the testing time

Time (in Months) Reliability Factor (RF)

87 Months .96

108 Months .98

_4_

In both the examples it is clearly seen that mbheat9C
percent of the errors has been detected by thehbic
time (o). Therefore during the testing period a
reaching the threshold tin(a) the software is attaining
reliability and further testing will enhance thdiability
of the software to a greater level. Further tHzldity
of the software can be calculd by the Reliability
Factor.
Conclusion: Thus the Reliability Factor (RF) of tl
Software Reliability Growth Model (SRGM) cleal
depicts the authenticity or the reliability of theftware
under consideration. The value b™ will always
between 0 and 1if the value of RF approaches 0 tt
the Modified GO Model predicts that the number
residual errors is high and the reliability of thaftware
is highly vulnerable. But at the end of the testagiod,
as the errors are being detected and rect the number
of residual errors decreases with respect of
Expected Errors. As the residual errors decredse
reliability of the software goes on increasing. Ahds
being clearly depicted by the F

Appendix A
u(t) = B (1 - € (From OriginalGoel-Okumoto Model)
therefore,

uw=(1-é
E
e”=1-u(
E

Taking natural log (In) on both sides, we
In(e™) = In(1 - p(t)
Ee
-bt =In(1 — _u(t)
E

and

(because Infe= x)
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Table 3 Reliability calculation of Debian Operating Systen

G-O Model
Time Actual Predicted Predicted
® Errors Errors p(t) Errors Residual A
(in months) | Reported | (G-O Model) | (Rounded | Errors y r2 w
u(=a(+e”) | Off)

1 3 3.49329168 3 177 -0.00851. 1 -0.008511
2 5 6.91878844 7 173 -0.01702: 4 -0.034045
3 6 10.2778059 10 170 -0.02553. 9 -0.076602
4 6 13.5716344 14 166 -0.03404! 16 -0.136181
5 10 16.8015390 17 163 -0.04255I 25 -0.212782
6 12 19.9687603 20 160 -0.05106! 36 -0.306406
7 18 23.0745147 23 157 -0.05957! 49 -0.417053
8 24 26.1199952 26 154 -0.0680¢ 64 -0.544723
9 27 29.1063716 29 151 -0.07660: 81 -0.689414
10 27 32.0347908 32 148 -0.08511. 100 -0.851129
11 31 34.9063776 35 145 -0.09362: 121 -1.029866
12 36 37.7222351 38 142 -0.10213! 144 -1.225626
13 40 40.4834447 40 140 -0.11064 169 -1.438408
14 41 43.1910671 43 137 -0.11915:! 196 -1.668213
15 46 45.8461421 46 134 -0.12766! 225 -1.91504
16 48 48.449689 48 132 -0.13618: 256 -2.17889
17 49 51.0027097 51 129 -0.14469: 289 -2.459763
18 52 53.5061828 54 126 -0.15320: 324 -2.757658
19 56 55.9610706 56 124 -0.16171. 361 -3.072575
20 57 58.3683159 58 122 -0.17022! 400 -3.404516
21 60 60.7288434 61 119 -0.17873 441 -3.753479
22 61 63.0435597 63 117 -0.18724! 484 -4.119464
23 62 65.3133540 65 115 -0.1957¢ 529 -4.502472
24 65 67.5390979 68 112 -0.20427: 576 -4.902503
25 67 69.7216464 70 110 -0.21278: 625 -5.319556
26 70 71.8618378 72 108 -0.22129. 676 -5.753632
27 73 73.9604942 74 106 -0.22980! 729 -6.20473
28 78 76.0184215 76 104 -0.23831! 784 -6.672851
29 78 78.0364103 78 102 -0.24682 841 -7.157994
30 80 80.0152357 80 100 -0.25533! 900 -7.66016
31 83 81.9556576 82 98 -0.2638! 961 -8.179349
32 84 83.8584214 84 96 -0.27236. 1024 -8.71556
33 86 85.7242579 86 94 -0.28087. 1089 -9.268794
34 86 87.553883 88 92 -0.28938. 1156 -9.83905

Indian Journal of Science and Research. Vol.1 Issue-1 -5- [ISSN XXXX-XXXX]



and Research

Thankachan B. & Jain S., Ind. J. Sci. Res. 2021, 1(1), 01-11

Research Article lLlndmn Journal of Science

G-O Model
Time Actual Predicted Predicted
® Errors Errors p(t) Errors Residual A
(in months) | Reported | (G-O Model) (Rounded | Errors u v2 w
u(t=a (1) Off)

35 87 89.3480019 89 91 -0.29789! 1225 -10.42633
36 90 91.1073012 91 89 -0.30640! 1296 -11.03063
37 92 92.8324574 93 87 -0.31491: 1369 -11.65196
38 94 94.5241333 95 85 -0.32342! 1444 -12.2903
39 94 96.1829785 96 84 -0.3319: 1521 -12.94567
40 94 97.8096302 98 82 -0.34045: 1600 -13.61806
41 94 99.4047131 99 81 -0.34896:. 1681 -14.30748
42 99 100.968840 101 79 -0.35747. 1764 -15.01391
43 102 102.502611 103 77 -0.36598! 1849 -15.73737
44 103 104.006617 104 76 -0.37449 1936 -16.47786
45 105 105.481434 105 75 -0.38300:! 2025 -17.23536
46 107 106.927629 107 73 -0.39151! 2116 -18.00989
47 112 108.345757 108 72 -0.40003: 2209 -18.80144
48 119 109.736363 110 70 -0.40854: 2304 -19.61001
49 125 111.099982 111 69 -0.41705: 2401 -20.43561
50 127 112.437137 112 68 -0.42556. 2500 -21.27822
51 128 113.748341 114 66 -0.43407! 2601 -22.13786
52 131 115.034099 115 65 -0.44258 2704 -23.01453
53 131 116.294904 116 64 -0.45109! 2809 -23.90821
54 132 117.531240 118 62 -0.4596: 2916 -24.81892
55 133 118.743582 119 61 -0.46812: 3025 -25.74665
56 137 119.932396 120 60 -0.47663: 3136 -26.6914
57 140 121.098138 121 59 -0.48514: 3249 -27.65318
58 140 122.241257 122 58 -0.49365! 3364 -28.63198
59 143 123.362191 123 57 -0.50216! 3481 -29.6278
60 147 124.461371 124 56 -0.51067 3600 -30.64064
61 147 125.539219 126 54 -0.51918! 3721 -31.67051
62 153 126.596149 127 53 -0.527; 3844 -32.7174
63 153 127.632567 128 52 -0.53621: 3969 -33.78131
64 153 128.648871 129 51 -0.54472. 4096 -34.86224
65 155 129.645451 130 50 -0.55323. 4225 -35.9602
66 155 130.622691 131 49 -0.56174! 4356 -37.07518
67 159 131.580965 132 48 -0.57025I 4489 -38.20718
68 163 132.520642 133 47 -0.57876! 4624 -39.3562
69 164 133.442082 133 47 -0.58727! 4761 -40.52225
70 167 134.345640 134 46 -0.5957¢ 4900 -41.70532
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G-O Model
Time Actual Predicted Predicted
(t) Errors Errors p(t) Errors Residual A
(in months) | Reported | (G-O Model) (Rounded | Errors u v2 w
u(h=a (1) Off)
71 170 135.231662 135 45 -0.60430: 5041 -42.90541
72 171 136.100489 136 44 -0.61281. 5184 -44.12252
73 171 136.95245 137 43 -0.62132. 5329 -45.35666
74 171 137.787886 138 42 -0.62983! 5476 -46.60782
75 171 138.607104 139 41 -0.63834 5625 -47.876
76 171 139.410423 139 41 -0.64685! 5776 -49.16121
77 171 140.198152 140 40 -0.65536! 5929 -50.46343
78 171 140.970593 141 39 -0.66388: 6084 -51.78268
79 171 141.728044 142 38 -0.67239: 6241 -53.11896
80 171 142.470795 142 38 -0.68090: 6400 -54.47225
81 171 143.19913 143 37 -0.68941. 6561 -55.84257
82 171 143.913331 144 36 -0.69792 6724 -57.22991
83 171 144.613672 145 35 -0.70643 6889 -58.63427
84 171 145.300420 145 35 -0.71494: 7056 -60.05566
85 171 145.973841 146 34 -0.7234t 7225 -61.49406
86 171 146.634193 147 33 -0.73197: 7396 -62.9495
87 171 147.281729 147 33 -0.74048: 7569 -64.42195
88 171 147.916698 148 32 -0.74899: 7744 -65.91142
89 171 148.53934 149 31 -0.75750! 7921 -67.41792
90 171 149.149907 149 31 -0.76601! 8100 -68.94144
91 171 149.748620 150 30 -0.77452 8281 -70.48199
92 171 150.335714 150 30 -0.78303! 8464 -72.03955
93 171 150.911414 151 29 -0.7915! 8649 -73.61414
94 171 151.475941 151 29 -0.80006: 8836 -75.20575
95 171 152.029513 152 28 -0.80857: 9025 -76.81439
96 171 152.572341 153 27 -0.81708. 9216 -78.44004
97 171 153.104634 153 27 -0.82559! 9409 -80.08272
98 171 153.626597 154 26 -0.834101 9604 -81.74242
99 171 154.138431 154 26 -0.84261! 9801 -83.41915
100 171 154.640331 155 25 -0.85112! 10000 -85.11289
101 171 155.132490 155 25 -0.8596:« 10201 -86.82366
102 171 155.615098 156 24 -0.86815: 10404 -88.55145
103 171 156.088340 156 24 -0.87666: 10609 -90.29627
104 171 156.552398 157 23 -0.88517. 10816 -92.0581
105 171 157.007450 157 23 -0.89368! 11025 -93.83696
106 171 157.453670 157 23 -0.90219 11236 -95.63285
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G-O Model
Time Actual Predicted Predicted
® Errors Errors p(t) Errors Residual N
(in months) | Reported | (G-O Model) (Rounded | Errors u 2 w
u(h=a (+e*) | Off)
107 171 157.891231 158 22 -0.91070: 11449 -97.44575
108 171 158.320300 158 22 -0.91921! 11664 -99.27568
109 172 158.741041 159 21 -0.92773. 11881 -101.1226
5995 -51.02¢ 437635 -3724.8
Table 4: Reliability calculation of Thunderbird
Time Actual Predicted Predicted _
®) Errors Errors u(t) Errors p(t) Residual u . U
(in months) Reported (G—C_) Mod_e!) (Rounded Errors
(Ea(t) u(ty=a (1-€" Off)

1 1 8.388735 8 217| -0.0019: 1 -0.00193
2 2 16.46471 16 209| -0.0038t 4 -0.00776
3 3 24.23959 24 201| -0.0058: 9 -0.01749
4 4 31.72459 32 193| -0.0077¢ 16 -0.03116
5 8 38.93053 39 186| -0.0157: 25 -0.07861
6 10 45.86781 46 179| -0.0197- 36 -0.11846
7 16 52.54644 53 172| -0.0320: 49 -0.22425
8 19 58.97607 59 166| -0.0383: 64 -0.30652
9 20 65.16599 65 160| -0.0404: 81 -0.36386
10 25 71.12512 71 154| -0.0511! 100 -0.51153
11 26 76.86208 77 148| -0.0533: 121 -0.58662
12 30 82.38514 82 143| -0.0621! 144 -0.74577
13 34 87.70229 88 137| -0.0711! 169 -0.92494
14 42 92.8212 93 132| -0.0897: 196 -1.25624
15 46 97.74926 98 127| -0.0993 225 -1.48994
16 49 102.4936 102 123| -0.1066 256 -1.70672
17 58 107.061 107 118| -0.1294 289 -2.20092
18 59 111.4582 111 114| -0.1320° 324 -2.37734
19 62 115.6914 116 109| -0.1399¢ 361 -2.6599
20 65 119.7668 120 105| -0.1480¢ 400 -2.96125
21 68 123.6902 124 101| -0.1562¢ 441 -3.28194
22 70 127.4674 127 98| -0.1618! 484 -3.56072
23 72 131.1037 131 94| -0.1674! 529 -3.8523
24 73 134.6045 135 90| -0.1703: 576 -4.08813
25 76 137.9747 138 87 -0.179 625 -4.47491
26 79 141.2193 141 84| -0.1878: 676 -4.88357
27 81 144.3429 144 81| -0.1938: 729 -5.23314
28 84 147.3501 147 78| -0.2029¢ 784 -5.68298
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Time Actual Predicted Predicted .
) Errors Errors u(t) Errors p(t) Residual u o U
(in months) Reported (G-(_) Mod_e!) (Rounded Errors
(Ea(1) H(t=a (1-€") Off)
29 87 150.2451 150 75 -0.2123 841 -6.1568
30 88 153.0322 153 72| -0.2154¢ 900 -6.46386
31 89 155.7154 156 69| -0.2186: 961 -6.77795
32 92 158.2986 158 67| -0.2283: 1024 -7.30659
33 93 160.7854 161 64| -0.2316: 1089 -7.64308
34 99 163.1795 163 62| -0.2518: 1156 -8.56161
35 101 165.4844 165 60| -0.2587¢ 1225 -9.05663
36 103 167.7033 168 57| -0.2658: 1296 -9.56962
37 105 169.8396 170 55 -0.273 1369 -10.101
38 106 171.8961 172 53| -0.2766: 1444 -10.5122
39 107 173.876 174 51 -0.2803 1521 -10.9317
40 108 175.7821 176 49 -0.284 1600 -11.3599
41 110 177.6171 178 47| -0.2914¢ 1681 -11.9509
42 113 179.3837 179 46| -0.3029¢ 1764 -12.7245
43 115 181.0844 181 44| -0.3107¢ 1849 -13.364
44 117 182.7217 183 42| -0.3187¢ 1936 -14.0254
45 117 184.298 184 41| -0.3187¢ 2025 -14.3441
46 122 185.8155 186 39| -0.3393! 2116 -15.6099
47 124 187.2764 187 38| -0.3478t 2209 -16.3495
48 127 188.6829 189 36| -0.3609¢ 2304 -17.3259
49 129 190.0369 190 35| -0.3699: 2401 -18.1257
50 131 191.3404 191 34| -0.3790! 2500 -18.9527
51 133 192.5954 193 32| -0.3883¢ 2601 -19.8081
52 137 193.8035 194 31 -0.4077 2704 -21.2004
53 137 194.9666 195 30 -0.4077 2809 -21.6081
54 137 196.0864 196 29 -0.4077 2916 -22.0158
55 139 197.1644 197 28| -0.4176! 3025 -22.9726
56 142 198.2022 198 27 -0.4331 3136 -24.2538
57 142 199.2013 199 26 -0.4331 3249 -24.687
58 143 200.1631 200 25| -0.4383 3364 -25.4254
59 146 201.0891 201 24| -0.4545¢ 3481 -26.8188
60 148 201.9806 202 23| -0.4656! 3600 -27.9415
61 149 202.8389 203 22| -0.4713 3721 -28.7535
62 149 203.6651 204 21| -0.4713 3844 -29.2249
63 149 204.4605 204 21| -0.4713 3969 -29.6962
64 151 205.2263 205 20| -0.4829! 4096 -30.9089
65 153 205.9635 206 19| -0.4948! 4225 -32.1653
66 158 206.6733 207 18| -0.5261: 4356 -34.7231
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(in months) Reported (G-(_) Mod_e!) (Rounded Errors
(Ea(1) H(t=a (1-€") Off)

67 159 207.3566 207 18| -0.5326« 4489 -35.6868
68 160 208.0144 208 17| -0.5392 4624 -36.6703
69 162 208.6476 209 16| -0.5528: 4761 -38.1461
70 162 209.2573 209 16| -0.5528: 4900 -38.6989
71 164 209.8442 210 15| -0.5668! 5041 -40.2465
72 167 210.4093 210 15| -0.5887! 5184 -42.3903
73 169 210.9533 211 14| -0.6039¢ 5329 -44.0916
74 171 211.477 211 14| -0.6197¢ 5476 -45.8644
75 172 211.9812 212 13| -0.6279: 5625 -47.093
76 174 212.4666 212 13| -0.6446: 5776 -48.9905
77 178 212.9339 213 12| -0.6800¢ 5929 -52.3665
78 185 213.3837 213 12| -0.7501: 6084 -58.5096
79 189 213.8168 214 11| -0.7958t 6241 -62.8745
80 192 214.2338 214 11| -0.8336 6400 -66.6935
81 198 214.6352 215 10| -0.9208: 6561 -74.5863
82 200 215.0216 215 10| -0.9542: 6724 -78.2479
83 201 215.3936 215 10| -0.9719 6889 -80.6736
84 204 215.7518 216 9| -1.0299¢ 7056 -86.5169
85 204 216.0966 216 9] -1.0299¢ 7225 -87.5469
86 205 216.4285 216 9| -1.0511! 7396 -90.3991
87 206 216.7481 217 8| -1.0734 7569 -93.3883
88 209 217.0558 217 8| -1.1480¢ 7744 -101.03
89 210 217.3519 217 8| -1.1760¢ 7921 -104.672
90 210 217.6371 218 7] -1.1760¢ 8100 -105.848
91 212 217.9116 218 7| -1.2382 8281 -112.68
92 212 218.1759 218 7] -1.2382 8464 -113.918
93 212 218.4303 218 7| -1.2382 8649 -115.156
94 214 218.6752 219 6| -1.3107! 8836 -123.214
95 214 218.9111 219 6| -1.3107! 9025 -124.525
96 214 219.1381 219 6| -1.3107! 9216 -125.836
97 215 219.3566 219 6| -1.3521! 9409 -131.162
98 216 219.567 220 5| -1.3979: 9604 -136.998
99 21¢ 219.769 22C 5| -1.5070¢ 9801 -149.20:

10C 21¢ 219.964 22C 5| -1.5070¢ 1000( -150.70i

101 219 220.1523 220 5| -1.5740: 10201 -158.977

10z 21¢ 220.333. 22C 5| -1.5740: 1040« -160.55:

10z 22C 220.507. 221 4| -1.6532: 1060¢ -170.28:

104 220 220.6746 221 4| -1.6532: 10816 -171.934
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Time Actual Predicted Predicted
) Errors Errors u(t) Errors p(t) Residual u o U
(in months) Reported (G-O Model) (Rounded Errors
(Ea(1) H(H=a (1-€") Off)
105 220 220.8358 221 4| -1.6532: 11025 -173.587
106 220 220.9911 221 4| -1.6532: 11236 -175.241
107 22C 221.1401 221 4| -1.6532: 1144¢ -176.89:
108 220 221.2845 221 4| -1.6532: 11664 -178.547
5886 -62.076° 425754 -4943.69
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