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Frank Bass (1926-2006)

Priekopnik matematickych modelov v marketingu
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Bassov model

F. Bass, A New Product Growth for Model Consumer Durables,
Management Science, Vol. 15 (January 1969)

Jeden z desiatich ¢lankov vo vybere Top 10 Most Influential Papers
published in the 50-year history of Management Science (2004)

Perhaps the first thing to notice. .. is the title. It contains
a typo. The correct title should be A New Product
Growth Model for Consumer Durables. | suppose that
| was so excited about having the paper accepted for
publication that | failed to carefully proofread the galley
proofs. (Frank Bass, 2004)

Matematicky model pre zavedenie nového produktu na trh
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Bassov model

Priklad z pévodného Bassovho clanku:

Figure 8  Actual Sales and Sales Predicted by Model (Clothes Dryers)
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Bassov model: myslienka

Inovatori a imitatori
Zakladna myslienka modelu - na trhu st dva typy zakaznikov:

» inovatori (innovators) - tovar si kipia na zaklade informécii o
novom produkte, reklamy a pod.

» imitdtori (imitators) - rozhoduji sa podla skidsenosti inych
pouzivatelov a ich hodnotenia
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Bassov model: myslienka

Inovatori a imitatori - pocet novych zakaznikov:
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Bassov model: myslienka

Pocet novych zakaznikov spolu:
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Bassov model: myslienka

Pocet novych zakaznikov a kumulativny pocet zakaznikov:
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Bassov model: matematickd formulacia

» Spojity Cas t

» F(t) = podiel ludi z celkového objemu trhu, ktori si produkt
zakdpili do Casu t

» f(t) = podiel ludi z celkového objemu trhu, ktori si produkt
zakupili “v &ase t", plati f(t) = F'(t)

» Zakladny predpoklad modelu: Pravdepodobnost toho, Ze si
Clovek kipi produkt v Case t, ak si ho doteraz nekdpil, je
p+ qF (1)

» Parametre: p vyjadruje vplyv inovatorov, g vyjadruje vplyv
imitatorov

» Dostavame rovnicu:

[ =P aF(e)
pricom F(0) =0
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Bassov model: riesenie

Mame teda obycajni diferencidlnu rovnicu pre funkciu F(t):

F'(t)
= F(t),F(0)=0
ktord sa da vyriesit separaciou premennych:
dF 1 — e~ (pta)t
= dt = F(t) ©

(1-F)(p+ qF) T 1+ (oo
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Bassov model: riesenie

Prislusna funkcia f(t) = F'(t):

(p+ g)2e (Pro)
pl1+ ge—(P+q)f}2

f(t) =

a jej maximum - volne povedané: v ktorom Case sa preda najviac
vyrobkov - pre g > p > 0:

In(q/p)

tpeak = ptq

Beata Stehlikovd FMFI UK Bratislava Aplikacia nelinedrnej metédy najmensich Stvorcov: Bassov model



Bassov model

Interaktivne grafy

Odhadovanie parametrov Bassovho modelu v R

Modelovanie navstevnosti filmov v kindch Bassovym modelom

Bassov model: riesenie

Cviéenia:

» Odvodte uvedené vztahy pre f(t) a F(t)

» Odvodte vztah pre tpe.x z predchadzajiiceho slajdu, teda pre
pripad g > p > 0.

» Odvodte vztah pre tpeax pre pripad p > g > 0. Co intuitivne

oCakdvame v tomto pripade, ked maju velky vplyv inovatori
(velké p)?
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Bassov model: parametre

Ako prvy odhad: vlavo p, vpravo g

Baseline case:
US, consumer, durable, launch in '76 ...  0.016 0.409

For other cases, multiply by the following factors ...

Cellular telephone 0.226 0,635
Non durable product 0.689 0.931
Industrial 1.058 1.149
Non commercial innovation 0.365 2. 406
Western Europe 0.464 0.949
Asia 0.595 0.743
Other regions 0.796 0.699
For each yvear after 1976, multiply by ... 1.021 1.028

Christophe Van den Bulte: Want to know how diffusion speed varies
across countries and products? Try using a Bass model. PDMA
Visions 26(4) 2002, pp. 12-15
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Bassov model: parametre
Definujme funkciu:

grafy <- function(p,q,t.max) {
t <- seq(from=0,to=t.max,by=0.01)
Bass.f <- ((p+q)~2/p)*exp(-(p+q)*t)/
(1+(g/p) *exp (- (p+tq) *t)) "2
Bass.F <- (1-exp(-(p+q)*t))/(1+(q/p)*exp(-(p+q)*t))
par (mfrow=c(1,2))
plot(t, Bass.f, type="1"); plot(t, Bass.F, type="1")

Teraz vieme kreslit, napriklad:

grafy(0.016, 0.409, 20) # baseline z tabulky
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Bassov model: parametre

Vystup:
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Bassov model: parametre interaktivne

Ukazeme si, ak robit takéto interaktivne grafy:

Files | Plots | Packages Help Viewer
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Kniznica manipulate pre R-studio
Naditajte (ak treba, aj nainstalujte) kniznicu manipulate:

library(manipulate)

Pouzitie funkcie manipulate najlepsie vidiet na priklade
(dostaneme graf z predchadzajiceho slajdu):

manipulate(grafy(p,q,t.max),
p=slider(min=0.001, max=0.1, step=0.001),
g=slider(min=0.1, max=1, step=0.01),
t.max=slider (min=5, max=30, step=5))

V parametroch slider sa da zadat aj zaciatocna hodnota -
pomocou initial=... - vysklSajte.

Podrobnejsie: ?slider
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Priklad - data

Zdroj dat: P. S. P. Cowpertwait, A. V. Metcalfe, Introductory Time
Series with R. Springer 2009. Kapitola 3.3.4, str. 52-54

Budeme modelovat predaj VCR v USA v rokoch 1980-1989:
T <- 1:10 # casova premenna, rok = 1979 + T

Sales <- c(840,1470,2110,4000,7590,10950,10530,9470,
7790,5890) # trzby

Model: Sales(t) = M xf(t), kde M zodpoveda nasyteniu trhu
Uloha 1: Vykreslite priebeh tr¥ieb.
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Odhadovanie parametrov modelu

Pouzijeme funkciu nls, ktord odhaduje nelinedrny model metédou
najmensich Stvorcov.

Potrebuje Startovacie hodnoty parametrov, zoberieme:

> p a q z tabulky v slajdoch alebo pomocou manipulate

» M rovné siétu doterajsich trzieb (uz klesajd a celkové
kumulativne trzby zrejme nebudd aZ tak vyrazne vyssie) alebo
o nieco vadsie
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Odhadovanie parametrov modelu

Pouzitie nls pre nas model - napriklad s takymito Startovacimi
hodnotami:

Bass.nls<-nls(Sales ~ M*(((P+Q)~2/P)x*exp(-(P+Q)*T))/
(1+(Q/P) *exp (- (P+Q) *T)) "2,
start=c(list (M=sum(Sales) ,P=0.008,Q=0.6)))
summary (Bass.nls)
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Vystup:

##

## Formula: Sales ~ M *x (((P + Q)72/P) * exp(-(P + Q) * T).
# exp(-(P + Q) * T))"2

#it

## Parameters:

#Hit Estimate Std. Error t value Pr(>|tl)

## M 6.798e+04 3.128e+03 21.74 1.10e-07 *x*x
## P 6.594e-03 1.430e-03 4.61 0.00245 *x

## Q 6.381e-01 4.140e-02 15.41 1.17e-06 **x*

## ——-

## Signif. codes: O '*xxx' 0.001 'xx' 0.01 'x' 0.05 '.' O.:
#i#

## Residual standard error: 727.2 on 7 degrees of freedom
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Uloha 2: Porovnajte skutoéné trby s fitovanymi a spravte
predikciu na nasledujlce roky.

Poznamka: Uzito¢ny moze byt pristup k odhadnutym parametrom:

coef (Bass.nls)

#i# M P Q
## 6.798093e+04 6.593972e-03 6.380909e-01

as.vector(coef(Bass.nls))

## [1] 6.798093e+04 6.593972e-03 6.380909e-01
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Modelovanie navstevnosti filmov v kinach
Bassovym modelom
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Navstevnost filmov

Tiez ma zmysel rozliSovat:

» niektori ludia idd do kina, lebo o filme vedeli a chceli ho vidiet
(inovétori v Bassovom modeli)

> ini sa rozhodli na ziklade odporicania tych, ktori ho uz videli
(imitatori v Bassovom modeli)
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Dva typy filmov (I.)

Reklama, ocakavany film - velka Cast ludi si film pozrie v prvych
drioch, napr. The Hobbit: An Unexpected Journey (2012)
Priebeh trzieb po tyzdnoch:
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Dva typy filmov (Il.)

Film, ktory sa popularnym stane aZ neskoér, napr. The Blair Witch
Project (1999)

Priebeh trzieb po tyzdnoch:
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Priklad

Data sa daji najst na stranke http://www.the-numbers. com
Budeme pouzivat tyzdenné data (1.-7. den, 8.-14. den, atd.)
Napriklad:

Daily Chart Record
Date Rank Gross % Change Theaters Per Theater Total Gross Days | _
200311217 1 $34,450,834 3,703 $9,303 $34,450,834 1|
2003/12/18 1 $17,019,987 -51% 3,703 $51,470,821 2|
2003712119 1 $21,811,549 +28% 3,703 $73,282,370 3 150139984
| 200312720 1 $27,492,053 +26% 3,703 $100,774,423 4
: 2003112721 1 $23,326,111 15% 3,703 $124,100,534 5|
2003/12/22 1 $13563,208 -42% 3,703 $137,663,742 6|
2003112/23 1 $12,476,242 -8% 3,702 $150,139,984 7/
2003712/24 1 $7.544 400 -40% 3,703 $157,684,384 B:_
200371225 1 $13,996,220 +85% 3,702 $171,670,604 9|
2003112/26 1 $19,152,198 +37% 3,703 $190,822,800 10/ 92233724
2003112727 1 $17,249,267 10% 3,703 $208,072,067 1
| 200312728 1 $14196,641 -18% 3,703 $222,268708 12|
2003/12/29 1 $10,490,000 -26% 3,703 $232,759,000 13:
2003/12/30 1 $9,615,000 -8% 3,703 $241,937,000 14 _
2003712431 1 §7,500,000 22% 3,702 $249,400,000 15 _I
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Priklad

# The LOTR: Return of the King

Sales <- c(150139984,92233724,52192378,20100138,
15302761,9109110,7300394,5612861,5995863,
3809753,3140000,4062251,2923806,2055943)

Uloha: Odhadnite parametre Bassovho modelu a zobrazte priebeh
skutocnych a fitovanych trzieb.
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