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Abstract In this study, we present a Markov model to predict the product life cycle in today's market
environment where the product life cycle is short, and a company releases multiple generation products
in one market. To apply the model presented in this study to an actual case, we collected quarterly
global sales data of 14 generations of iPhones. The data were collected from 45 quarters of Apple from
the 3rd quarter of 2007 to the 3rd quarter of 2018 . The sales data of each generation product were
estimated for proper application. Ten tests were conducted to verify the validity of the model. To
demonstrate the model's performance, we measure the difference between the expected value of the
product life cycle state obtained by the model of this work and the actual value of the observation as
a percentage of the observed value. In the case of the iPhone, the product life cycle prediction Markov
model proposed by this study showed 94.28% performance in predicting the iPhone's future product life

cycle status.
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Table 1. Criteria for determining product life cycle phases

State Phase Criteria
1 Introduction Phase The introduction phase starts from the first quarter with sales performance.
2 Growth Phase The growth phas:e begins with the. first qu.arter in 'which the' sales growth rate
for two consecutive quarters following the introduction phase increases.
The maturity phase begins with the first quarter in which the sales growth rate
3 Maturity Phase . v p . st - . 9 ! 8
for two consecutive quarters following the growth phase decreases.
. The decline phase begins with the first quarter in which the sales growth rate
4 Decline Phase . ) - ; . . . -
for two consecutive quarters following the maturity phase is steadily declining.
5 End-of-Life The quarter corresponding to the date of discontinuation shall be deemed

discontinued.
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Table 3. Sales statistics for iPhone generations

Genl Gen2 Gen3 Gen4 Gen5 Gen6 Gen7 Gen8 Gen9 Gen 10 Gen 11 Gen 12 Gen 13 Gen 14
(iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone

Genera-
tion

(Model)

2G)

3G)

3GS)

4) 49)

5) 5C)

5)

6)

65) SE) 7) 8) X)

Release
Date

2007-
06-29

2008-
07-11

2009-
06-19

2010-  2011-
06-24  10-14

2012-  2013-
09-21  09-20

2013-
09-20

2014~
09-09

2015~
09-25

2016- 2016-  2017-  2017-
03-31 09-16 09-22 11-03

Disconti-
nued
Date

2008~
06-09

2010-
08-09

2012~
09-12

2014~
09-09

2013-
09-10

2013-
09-10

2015-
09-09

2016~
03-21

2016~
09-07

2018~
09-12

2018-
09-12

2019-
09-10

2020-
04-15

2018-
09-12

Quater

Sales
(million)

2007 Q3
2007 Q4
2008 Q1
2008 Q2
2008 Q3
2008 Q4
2009 Q1
2009 Q2
2009 Q3
2009 Q4
2010 Q1
2010 Q2
2010 Q3
2010 Q4
2011 Q1
2011 Q2
2011 Q3
2011 Q4
2012 Q1
2012 Q2

2012 Q3

2012 Q4
2013 Q1
2013 Q2
2013 Q3
2013 Q4
2014 Q1
2014 Q2
2014 Q3
2014 Q4
2015 Q1
2015 Q2
2015 Q3
2015 Q4
2016 Q1
2016 Q2
2016 Q3
2016 Q4
2017 Q1
2017 Q2
2017 Q3
2017 Q4
2018 Q1
2018 Q2

2018 Q3

0.27

1.12

2.32

1.70

0.72

6.89

4.36

3.79

5.21

7.37

8.74

8.75

8.40

14.10
16.24
18.65
20.34
17.07
37.04
35.06

26.03

26.91
47.79
37.43
31.24
33.80
51.03
43.72
35.20
39.27
74.47
61.17
47.53
48.05
74.78
51.19
40.40
45.51
78.29
50.76
41.03
46.68
77.30
52.20

41.30
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Table 4. iPhone sales by generation

Genera- Gen1 Gen2 Gen3 Gen4d Gen5 Gen6 Gen7 Gen8 Gen9 Gen 10 Gen 11 Gen 12 Gen 13 Gen 14
tion  (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone (iPhone
(Model)  2G) 3G) 3GS) 4) 49) 5) 50) 59) 6) 65) SE) 7) 8) X)

Release 2007- 2008- 2009- 2010- 2011- 2012- 2013- 2013- 2014- 2015- 2016- 2016- 2017- 2017-
Date  06-29 07-11 06-19 06-24 10-14 09-21 09-20 09-20 09-09 09-25 03-31 09-16 09-22 11-03

Di;izr;lﬁ* 2008- 2010- 2012- 2013- 2014- 2013- 2015- 2016- 2016- 2018- 2018- 2019- 2020- 2018-
Date 06-09 08-09 09-12 09-10 09-09 09-10 09-09 03-21 09-07 09-12 09-12 09-10 04-15 09-12
Sales
Quater (million)

2007 Q3 0.27 0.27

2007 Q4 1.12 1.12

2008 Q1  2.32 2.32

2008 Q2 1.70 1.70

2008 Q3 0.72 0.288  0.432

2008 Q4  6.89 6.89

2009 Q1  4.36 4.36

2009 Q2 3.79 2,653 1.137

2009 Q3 5.21 2.084  3.126

2009 Q4 7.37 1.667  5.703

2010 Q1 874 1.334  7.406

2010 Q2 8.75 0.667  5.458  2.625

2010 Q3 8.40 0.333  3.027 5.040

2010 Q4 14.10 2421 11.679

2011 Q1 16.24 1.937  14.303

2011 Q2 18.65 1.550  17.100

2011 Q3 20.34 1.240  19.100

2011 Q4 17.07 0.620  6.208  10.242

2012 Q1 37.04 0310  4.966  31.764

2012 Q2 35.06 0.155  3.973 30.932

2012 Q3 26.03 0.077  1.987 16.157  7.809

2012 Q4 2691 0.993  9.771 16.146

2013 Q1 47.79 0.497  7.817 39.477

2013 Q2 37.43 0.248  6.253 30.928

2013 Q3 31.24 0.124  3.127 18.617 4.686  4.686

2013 Q4 33.80 1.563 16.118 16.118

2014 Q1 51.03 0.782 25.124  25.124

2014 Q2 43.72 0.391 21.665 21.665

2014 Q3 35.20 0.195 12.222  12.222 10.560

2014 Q4 39.27 6.111  9.597  23.562

2015 Q1  74.47 3.055  7.677 63.737

2015 Q2 61.17 1.528  6.142  53.500

2015 Q3 47.53 0.764 4914 27594 14.259

2015 Q4 48.05 2457  16.763 28.830

2016 Q1  74.78 1.228 13.411 60.141

2016 Q2 51.19 6.705 13.771 30.714

2016 Q3 40.40 3.353  11.017 13.911 12.120
2016 Q4 45.51 5.508 12.696 27.306
2017 Q1  78.29 2.754 10.157  65.379
2017 Q2 50.76 1.377 8125 41.258
2017 Q3 41.03 0.689  6.500 33.841
2017 Q4 46.68 0.344  3.250 15.078 28.008
2018 Q1 77.30 0.172  1.625  7.539 21.584 46.380
2018 Q2 52.20 0.087  0.813 3.769 17.267 30.265
2018 Q3 41.30 0.043 0406 1.885 13.814 25.152
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Table 5. Lifecycle status of iPhone 1st to 10th generation

Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Gen 6 Gen 7 Gen 8 Gen 9 Gen 10
Period Quater (iPhone  (iPhone  (iPhone  (iPhone  (iPhone  (iPhone (iPhone  (iPhone  (iPhone  (iPhone

20) 30) 3G9) 4) 49) 5) 50) 59) 6) 69)
1 2007 Q3 1
2 2007 Q4 2
3 2008 Q1 3
4 2008 Q2 4
5 2008 Q3 5 1
6 2008 Q4 2
7 2009 Q1 3
8 2009 Q2 3 1
9 2009 Q3 4 2
10 2009 Q4 4 2
11 2010 Q1 4 3
12 2010 Q2 4 3 1
13 2010 Q3 5 4 2
14 2010 Q4 4 2
15 2011 Q1 4 2
16 2011 Q2 4 2
17 2011 Q3 4 3
18 2011 Q4 4 4 1
19 2012 Q1 4 4 2
20 2012 Q2 5 4 3
21 2012 Q3 4 3 1
22 2012 Q4 4 4 2
23 2013 Q1 4 4 3
24 2013 Q2 4 4 4
25 2013 Q3 5 4 5 1 1
26 2013 Q4 4 2 2
27 2014 Q1 4 3 3
28 2014 Q2 4 3 3
29 2014 Q3 5 4 3 1
30 2014 Q4 4 4 1
31 2015 Q1 4 4 2
32 2015 Q2 4 4 3
33 2015 Q3 5 4 3 1
34 2015 Q4 4 3 2
35 2016 Q1 5 4 3
36 2016 Q2 4 4
37 2016 Q3 5 4
38 2016 Q4 4
39 2017 Q1 4
40 2017 Q2 4
41 2017 Q3 4
42 2017 Q4 4
43 2018 Q1 4
44 2018 Q2 4
45 2018 Q3 5
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Table 6. Test results

oA Sl 4 ek
4% olgste] P3t P/ ofie} o] 72

% Sk

010 0 0
Cjoo1 0 o0
P=10005 05 0
00 0 0.6250.375
oo o 1
010 0 0
CJoo1 0 o0
P'=10005 05 0
00 0 0.8570.143
oo o0 1
P9 P,=0625  P,=03759 P9

P, =0.857, Py =0.1432 A5t P37} P & 74
SHIL e L HY] AolgEEe EEE & 4 AUtk 1
#Hug p, =0.625, P,=03759 P, =0.857,

Eazr) damdel Holdgud
=0.815, P, =0.1859}27 vlws) 2@ 1

o 7ko o W

P, =0.1432 A
pPel Py,

Aol7k Py, Psehel Py, P45 L -23.31%, +102.70%
olx P, P,HHl P,, Pyt +5.15% -22.71%=
Py, Pg7} Py, Py Bk Aok Arks 2 & 4

9Uet. o)1 ~54]) otolEe] AE4E7] W dhu)
6, 7, 9AltH ololEo] AEsw7] Welo] 8, 104
oolEo] Awct Fol7h Arke AL ofmldet.

Observation

Test # Generation Current State Transition time step Expected State State Distance(%)
Product (Real State)

1 8 3 6 4.5825 4.6 0.38
2 7 1 7 4.3467 4.75 8.49
3 8 1 3 3.1498 3.33 5.41
4 7 2 4 3.9375 4.25 7.35
5 9 1 8 4.4778 5 10.45
6 6 2 2 3.1498 4 21.26
7 9 2 4 3.9375 4 1.56
8 10 2 7 4.4778 4.55 1.59
9 10 3 4 4.3622 433 0.74
10 8 1 1 2 2 0
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