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A Parameter Estimation of Bass Diffusion Model
by the Hybrid of NLS and OLS
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The Bass model is a cornerstone in diffusion theory which is used for forecasting demand of durables or new
services. Three well-known estimation methods for parameters of the Bass model are Ordinary Least Square
(OLS), Maximum Likelihood Estimator (MLE), Nonlinear Least Square (NLS). In this paper, a hybrid method
incorporating OLS and NLS is presented and it’s performance is analyzed and compared with OLS and NLS by
using simulation data and empirical data. The results show that NLS has the best performance in terms of
accuracy and our hybrid method has the best performance in terms of stability. Specifically, hybrid method has
better performance with less data. This result means much in practical aspect because the avaliable data is little
when a diffusion model is used for forecasting demand of a new product.
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A9 22 WHH 9F 242 YrL AAF A9 FE dFE o U(Horsky, 1990; Kalish, 1985; Robinson, 1975). E4,
o AFES 7IE AR ol AF Hdshs BAXNCE & ¥ F2E2 343 dFo|th FE 2000 o] Fof o] Fof
Fote Bass FAF Y& M oF A o] A A (parsimonious) AW Y A= AH A #A S A A7) Ak (Rahmandad, 2007; Golden-
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BRSO R & AT A9 7503l o] 23 3l th(Ozkaya, F IFOR 1Jr"r‘ﬂ o] 318 A% (dual market)S 7| {0 E &
2008). Bass 28 & 7|MO.2 gt o] AR Q7S A M 7HA A g & FEF A7) o]0 P Tha 35 TH(Vakratsas,

H m:{

2 03 © AXZAR D AEFAATAETLY IT A A 13711%} A geto R £ a5H$(10033098).

T agAR s 7E9 E—’,‘—, 305-764 AN FLGA GAF B2 99, Ui n %Hﬂr Tel : 042-821-5531, Fax : 042-821-8718,
E-mail : eloh99@gmail.com

20109 12€ 189 A< 20119 1€ 13Y FAE A 20119 2€9 79 AA A,



NLSS} OLS®] sfo] B = ¥ of] 9]¢k Bass AR o] REFH 75

2008; Goldenberg, 2006; Van den Bulte, 2007). A A, 28] &
T #3 A o] th(Boswijk, 2002; Venkatesan, 2004;
Satoh, 2001; Schmittlein, 1982; Srinivasan, 1986; Ko, 2008). Y14,
ARG g7 7HA Ao 4t A E Y S E Bass ¥
A83 AP dFEo|th(Bayus, 1987; Jun, 1999; Mahajan,
1990; Sawhney, 1996; Hong, 2008). ©] 213+ 1+ % 90\d o] 3 &
© TEG A7} o] FAAA ¢ ot BEFA Wy ol
o @4 =N £ dgHI ALHE BF FATHLS
198630l U+ Srinivasan?} Mason2] Nonlinear Least Square
(NLS) ¥ o] th(Srinivasan, 1986). 184} o] 2 A4 &
AL AN s ok she MARE] 9oL, 7)Ao AA &3}
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11719 Elo|Ef & A&-3l= 45, OLSS} Satoh &2 7
Aol AA thER &S Wi NLS9} slo] B & W o) A S
e ddH o R Hojd 34 Ais EOHME} QA A H G
o] oA NLS} sfo]He| = W o & 2744 4 U
ST €53 U2 285 EO%% om FAH Ry ¥
FHAL I A dHE 2 GHA YR



NLS$HOLSS] 5ho] 2] = 3t ol o] 3 Bass BRG] B34 79
Table 1. Simulation Result(o = 5%, K = 11)
5% m std(m) P std(p) q std(q) In(SE) std(In(SE))
OLS 107.307 6.636 -0.0055 0.0078 0.8334 0.1288 12.0618 2.892
Satoh 100.440 3.954 0.0021 0.0048 0.9926 0.1082 7.8454 3214
NLS 100.203 3.761 0.0021 0.0007 0.9977 0.0770 3.8680 0.873
Hybrid 101.972 5.160 0.0028 0.0010 0.9472 0.1210 4.2742 0.977
Table 2. Simulation Result(o = 10%, K = 11)
10% m std(m) p std(p) q std(q) In(SE) std(In(SE))
OLS 189.352 450.527 0.0076 0.0182 0.5762 0.2667 9.3082 3.329
Satoh 102.968 8.697 0.0029 0.0092 0.9523 0.2330 8.9616 2.971
NLS 101.621 7.556 0.0027 0.0019 0.9891 0.2047 5.3943 0.847
Hybrid 107.184 10.524 0.0039 0.0022 0.8745 0.1985 5.7585 0.907
Table 3. Simulation Result(o = 15%, K= 11)
15% m std(m) p std(p) q std(q) In(SE) std(In(SE))
OLS 141.112 180.937 0.0334 0.0667 0.3574 0.3431 9.0873 2.202
Satoh 105.664 13.665 -0.0014 0.0167 1.0077 0.3876 9.3997 2.988
NLS 105.017 14.218 0.0026 0.0025 1.0159 0.2614 6.1544 0.794
Hybrid 114.759 15.494 0.0050 0.0027 0.7988 0.2061 6.3844 0.822
Table 4. Simulation Result(o =20%, K = 11)
20% m std(m) p std(p) q std(q) In(SE) std(In(SE))
OLS 188.592 915.278 0.1840 0.2741 0.1468 0.3212 9.4368 1.648
Satoh 108.150 35.271 -0.0066 0.0236 1.0365 0.4838 10.1196 3.143
NLS 105.514 35.948 0.0028 0.0036 1.1155 0.4223 6.7258 0.857
Hybrid 116.166 22.349 0.0064 0.0060 0.7761 0.2907 7.0413 0.923
Table 5. Simulation Result(o = 30%, K = 11)
5% m std(m) )/ std(p) q std(q) In(SE) std(In(SE))
OLS 65.747 136.603 0.3529 0.3531 0.0192 0.2293 10.4939 2.521
Satoh 117.644 87.524 -0.0112 0.0368 0.9892 0.6378 10.2742 2.399
NLS 113.985 51.097 0.0032 0.0040 1.1084 0.5364 7.4804 0.701
Hybrid 131.208 29.365 0.0069 0.0070 0.7301 0.3065 7.8294 0.727
3lo] HHC%NLSEI Hlael QlojM e F o] A 22 & 1= 1~79 AEHOIA HolEE AT AFo]I(K = 7),
Aeg BAFAoy 24 Aol = NLSS| 4 Aol B 1 <Table 7>0] A= 1=3~79 Al &d oA HoHE A& 2
o Ao EL}E}H-E]- ey MY 7o) £ WM s F K =5)0lT
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Table 6. Simulation Result(o =20%, K =7)
5% m std(m) p std(p) q std(q) In(SE) std(In(SE))
OLS 560.798 2111.97 -0.0067 0.0325 0.8386 0.3497 10.2777 2.427
Satoh 178.051 242.981 -0.0021 0.0105 1.1122 0.4104 8.2939 3.482
NLS 161.143 243.647 0.0014 0.0012 1.2189 0.5377 24156 1.452
Hybrid 98.010 53.259 0.0011 0.0045 1.1637 0.1887 3.7043 1.442
Table 7. Simulation Result(o =20%, K = 5)
5% m std(m) p std(p) q std(q) In(SE) std(In(SE))
OLS 495.592 2259.88 0.0234 0.2127 0.8200 0.4947 9.7788 3.176
Satoh 143.058 177.716 0.0030 0.0335 1.1254 0.5016 8.9607 1.634
NLS 138.450 180.350 0.0013 0.0012 1.2914 0.4886 2.5635 1.545
Hybrid 87.461 31.289 0.0014 0.0008 1.2232 0.2064 3.8605 1.263
AE B3I oy FHH LAAFES 1S uf 4 FH ARE 2op st
Ao gr A 2o = 5 Ao AA AFY F4 A3 GA Algd oA HolHE o] &3
NLS HH & A4 RE Il E F /M 2e s ds A3 2349 vp7kA 2 OLS 9 Satoh 28 9| A 52 Hl %5
HofFu gloy Y mayo] RFHATL sto] B =y Uelgth AlEdolAd HolHE o83 493 2 OLS7}
2ot =A Jeba HolE 471 A2 Aol Saoh WHE  Satoh RFHT T4 UYL AE BT Yok
o =7 Yetde 5 HolH 59 il weh o2 dAE B AA AF] ol E o] &3 AF AH) /Mg F5T W
|1 Ytk g -2 NLS®| 74 Z3}olth. MRI 4H], CATV, 2114 QIH
sto] B & W2 Qb4 AHA = NLSol| Hl &) tha U9 73§ NLSE +42 Adfstgieh. ol Al A9 vy 4
A FA4E mao] 2 oA A 2 2fol= 7} = 247 1370, 1370, 670 = Aol A o' AL otk 3aH &
FHold AsS AT Sl o= ElolHI #5314 AS sdste NSO W o 54 4 HMH Tt RS A
M= A Aoz FAR FH0] Thestths AHE 7H - 0] 9f o] FA o AT s Aol EAdTE AV E
ok o] 23 F A 9 P& AAEA Y F&FsH W Eue Aol
olA 7FA7F Aval & ¢ Stk 1 offr AAl Fi RE & g stol B e o] A9-E BE AF teiA A A
A G FAE ASHDA YA, GU Y LY 02 £8 AIE AL F AR NLS B 24l 29
AR A 91 gt A4S UFER, A8 HolH MM = FA HEF & WS (OLS, Satoh)
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Table 8. Estimation Results with Real Data Set 1
MRI 7] CT =704 CATV 23 947 s QU A %2}
Holy 13 14 13 8 6 43
m 8.83 76.65 67.04 98.00 102.48 109.07
OLS P 0.0075 0.6134 0.3163 0.3627 -0.0577 0.0001
q -0.0075 -0.6134 -0.3163 0.5515 1.9221 0.2111
In(SE) 12.286 12.167 13.576 8.627 9.604 8.861
m -33.27 88.76 65.86 99.16 98.40 105.38
Satoh p -0.0172 0.2208 0.3539 1.1822 0.0230 0.0004
q 0.0172 -0.2208 -0.3539 -1.1822 2.0596 0.2225
In(SE) 12.004 9.499 12.947 14.244 9.493 8.170
m - 109.50 - 106.98 - 102.74
NLS p - 0.0186 - 0.0062 - 0.0002
q - 0.2022 - 0.2768 - 0.2324
In(SE) - 4.659 - 2.087 - 4,783
m 149.04 101.25 122.96 81.79 92.84 107.19
Hybrid P 0.0017 0.0087 0.0060 2.4373 0.8518 0.0003
q 0.2763 0.3196 0.2734 -2.4278 -1.1440 0.2168
In(SE) 6.792 5.504 7.097 7.961 8.980 4.965
Table 9. Estimation Results with Real Data Set 2
e e EE L ELEEE
bely ¢ 23 31 44 41 44
m 102.10 174.21 120.04 150.39 132.43
OLS P 0.0052 0.0047 0.0039 0.0016 0.0061
q 0.4280 0.1072 0.1168 0.1259 0.0780
In(SE) 9.775 4.039 7.448 6.602 5.951
m 96.19 168.11 112.75 137.44 130.47
Satoh p 0.0071 0.0054 0.0042 0.0017 0.0068
q 0.4816 0.1097 0.1267 0.1371 0.0779
In(SE) 10.137 5.736 8.085 7.769 4.924
m 92.04 159.28 101.79 121.34 142.99
NLS p 0.0002 0.0048 0.0020 0.0010 0.0068
q 0.5542 0.1169 0.1538 0.1558 0.0691
In(SE) 6.016 3.405 4.866 3.807 4.808
m 101.94 150.26 113.34 134.99 128.77
) P 0.0005 0.0046 0.0023 0.0011 0.0069
Hybrid
q 0.4579 0.1264 0.1348 0.1433 0.0790
In(SE) 6.376 3.635 5.447 4.205 4.932
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