asztasi modellek 2

Va

Prileszky Istvan
Doktori Iskola
2018

http://www.sze.hu/~prile

Forras: A Self Instructing Course in Mode Choice Modeling: Multinomial and Nested Logit Models
Prepared For U.S. Department of Transportation Federal Transit Administration By Frank S. oppelman
and Chandra Bhat with technical support from Vaneet Sethi, Sriram Subramanian, Vincent Bernardin

and Jian Zhang January 31, 2006 Modified June
http://www.caee.utexas.edu/prof/bhat/COURSES/LM_Draft_060131Final-060630.pdf


http://www.sze.hu/~prile

Preferencia vizsgalatok

Két alapvet6 mddszer: feltart preferencia (revealed preference)
és kijelentett preferencia (stated preference)

Feltart preferencia volt el6bb, kijelentett a 80-as évektdl

Feltart preferencia: tényleges valasztasok
* Korlatozott szamu eset létezik
e Az attribdutumok nem valtoztathatok

Kijelentett preferencia (SP): feltételezett (hyphothetical)
valasztasok

,Nem bizunk abban, amit az emberek mondanak, de van olyan
helyzet, amikor nem tehettink mast”

* SP megbizhatd, ha a valaszado érti a feladatot és meg akarja
oldani

e Systematic component-megfigyelhetd, random component
nem

* Barmilyen helyzet elGallithatd
* Probléma a valaszaddk ,tulzott lelkesedése”, kezelhet6



Harom elterjedt SP mddszer van
» contingent valuation CV (véletlen, lehet6ség)
* conjoint analysis CA (egyesitett)
» stated choice SC technika, ez a legelterjedtebb, a kozlekedésben is

CV els6sorban w:llmgness -to-pay (WTP) informaciok beszerzésére
alkalmas, a személyi tulai1 onsagokra is kitejed, az alternativakat
ran%sorolm vagy egymashoz viszonyitva pontozni kell, szokasos
tobb (nem egy-ketto), gyakran szamos alternativa egymashoz
viszonyitott ertekelese

CA 3altalanos preferencia vizsgalat termekek és szolgaltatasok
nagyobb szamu attributumainak figyelembe vetelevel, jellemzéen
arra kérik a valaszaddkat, hogy rangsoroljak, vagy ertekIeJek
pontozzak az aIternatlvakat ezzel minden alternativara adnak
Informaciot,

Gyakran t6bb (nem két-harom) alternativat szerepeltetnek (pl.
kulonb6z6 gyartd azonos termékei, vagy hasonloé célra szolgalo
termékek)
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(b) Design including a non-purchase option

Figure 3.7 Example of labelled mode SC tasks
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Egress Time

Please rank in order
of preference (1 = best)

Figure 3.8 Example of unlabelled route SC task



* SC felvételnél egy kivalasztasa torténik a
lehetbségek kozul, nincs rangsorolas, vagy pontozas

* Jellemzd, hogy konstrualt szituacidkban kell
valasztani, amelyet az elemz6 alkot meg, de ezek
hasonloak valo vilagban el6fordulo esetekhez

* Csak kevés (legtobbszor csak két) alternativat
mutatnak, ezeket valtoztatjak és egy interjualany
tobb valaszt ad

* A valaszoldkat arra kérik, ugy valasszanak, ahogy a
valosagban is tennék hasonlé helyzetben



The decision context may be a hypothetical or a real one; in other words, the
respondent may be asked to consider an actual journey or one that she might
consider undertaking in the future.

Some of the alternatives offered may be hypothetical although it is
recommended that one of them be an existing one, for example the mode just
chosen by the respondent including all its attributes

A crucial problem with stated preference data collection in general, is how much
faith we can put on individuals actually doing what they stated they would do
when the case arises

experience in the 1970s was not good in this sense, with large differences
between predicted and actual choice

The situation improved considerably in the 1980s and good agreement with
reality was reported from models estimated using SC data (Louviere 1988a).

However, this occurred because data-collection methods improved enormously
and became very demanding, not only in terms of survey design expertise but
also in their requirements for trained survey staff and quality-assurance
procedures

the process of constructing effective SP surveys is far from simple and quite time
consuming if done correctly.



* A mintat a kivalasztott személyek jelentik- reprezentativitas?

* A dontést befolyasold attributumok szerint kell reprezentativnak lenni (életkor,
foglalkozas, jovedelem, autod tulajdon...)

* Tobb attributum szerint is reprezentativnak kell lenni, ehhez ismernink kell az
érdekelt lakossag attributumok szerinti 6sszetételét

* A mintaba kerll6k az adott kérdésekben érdekeltek legyenek

* Mintanagysag
* A modell valtozdinak szama befolyasolja, minél tobb valtozd, annal nagyobb minta
* ~1000-3000 elem, 2/3-ad a modellhez, 1/3-ad a validalashoz



SP eredmények

Alternatival|Alternativa2| Valasztas

Id61 |Koltsl| 1d62 |Kolts2

Valasz| T1 Cl T2 C2
1 30 8 25 12 0 1
2 28 18 40 7 1 0
3 26 10 | 42 6 1 0

Altl | Alt2

2 alternativa, 2 attributum, 3 kisérlet

Hasznossagi fuggvény: V=B, T+, C

Keressuk azokat a bétakat, amelynél a legnagyobb a valdszinlisége a
valasztasoknak.



Maximum likelihood becslés

* Elv: egy valtozd eloszlasdaban szerepel egy paraméter (a),
amelynek értékét nem ismerjik, de rendelkezésinkre all n
elemd minta. A mintaelemek is valdszinlségi valtozok, az a
érték valamely lehetséges behelyettesitésével kiszamithato
a minta el6fordulasanak valoszinlisége. Az a valtoztatasaval
meghatarozhatjuk azon értékét, amely mellett a minta
el6fordulasi valdszinlisége a legnagyobb.

* Modszer: fel kell allitani a likelihood fliggvényt, amely a
minta egyes elemei el6fordulasi valoszinliségeinek a
szorzata. Ez a figgvény tartalmazza a keresett a tényez6t, ez
lesz a fuggvény valtozdja. A figgveénynek erre a valtozora
értelmezett maximumat kell meghatarozni, és a
maximumhoz tartozé a a keresett érték.

* Alikelihood fuggvény a minta elemek szamitott el6fordulasi
valoszinliségeinek a szorzata.



Jelolje i a valasztast végz6 személyeket, és q a valaszthatd alternativakat.

P, , = annak valoszinlsege, hogy i szemely a g alternativat valasztja.
A [, P,; azoknak a val6szin(iségeknek a szorzata, amellyel i személy az
egyes alternativakat valasztja. Az 6ssze személy dsszes alternativara
vonatkoz6 valasztasi valdszin(iségeinek szorzata a [ [, [[; P;; , ez a

likelihood fuggvény.
L= Hq Hi(Pi,q)fi'q

fi q dummy valtozo, értéke 1, ha i egyén a q alternativat valasztja, ha nem
valasztja, akkor O.

Ennél a fliggvénynél a széls6érték meghatarozasa nehéz, ezért a
logaritmusanak a széls6értékét hatarozzak meg, tekintettel, hogy a
széls6érték pontok megegyeznek. A loglikelihood fliggvény a a
valdszinliségek 6sszege lesz.



e
Vo = 3y X Travel Timey,,
Ve = B, X Travel Timeg,

Individual# Auto Travel Tilme Bus Travel Time Chosen Mode

1 30 minutes 50 munutes Car (mode 1)
2 20 minutes 10 minutes Car (mode 1)
3 40 minutes 30 minutes Bus (mode 2)

Két alternativa, egy attributum. Egy attributum mellett valdszin(ségi dontés
az ismeretlen (random) tényez6 |éte miatt lehetséges.
A valasztasok valdszinlségei:

exp(303) B 1
exp(h03) + exp(305) 1+exp(203)

Individual 1 (P,) =

exp(203) 1

Individual 2 (P,) =
exp(103) + 6113(203) 1+exp(-103)

exp(303) B 1

Indwvidual 3 (Fy;) = —
i) exp(3008) + exp(408) 1+exp(103)




A likelihood fuggvény

1 1 1
1+exp(203) X:L+exp(—106)x 1+exp(10PB)

A loglikelihood fliggvény
) + In(

1
1+exp(10PB)

LL=In ) + In( )

1
1+exp(20B) 1+exp(—100)

Derivalt

) — 20e208 10 10e™0P
=\ 1) T\ep 1) " \eor g1

B=-0,075630761
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A logit modell masik formaja

Pr(DA) = onlla) __, soicTa

- exp(0) + exp(Veg =1y ) + exp (17 = Tpy)

]
Pr(DA) = - —— T
] + GXP(‘ i DA) T e.\:p(l R~ DA)

VieJ

'|
Pi(¢) =
0 1+ exp(V,—T))

j=



Pe

da2

Két alternativa, két attributum, harom valasz

Alternatival Alternativa2 Valasztas

, Id6 |Koltség| Id6 |Koltség
Valasz Altl Alt2

T1 C1 T2 C2
1 30 8 25 12 0 1
2 28 18 40 7 1 0
3 26 10 4?2 6 1 0
Likelihood fliggvény

L(B1,B2) =

{1/[1 + exp((25p81 + 12B,) — (308, + 882))]}° x
{1/[1 + exp((30B; + 8B,) — (25p;1 + 125,))]}* x
{1/[1 + exp((40B; + 7B,) — (2861 + 188,))|}* x
{1/]1 + exp((28B; + 188;) — (4081 + 782))]}° X
{1/[1 + exp((42B1 + 6B,) — (261 + 108))]}* x

{1/[1 + exp((26B; + 108;) — (4281 + 68,))]}°

V=p,T + S,C



loglikelihood fliggvény

LL(By1, B2) =1
In{1/[1 + exp((30B; + 8B,) — (258, + 12,))]} +1
In{1/[1 + exp((40B; + 7B,) — (28B, + 18B,) )|} +1
In{1/[1 + exp((42B; + 6B,) — (268, + 105,)) |}

LL(By,2) = Inf1/(1 + exp(56; — 4B,)] +
In[1/(1 + exp(12B; — 11B,)] + Infd /(1 + exp(16L; — 45,)]



Biogeme data file

In order to estimate the coefficents of the model, we use a data file called
sample.dat mcloding (among others) the following data: Choice, taking
value from 1 to 6 and dentifying the choice actually made for each observa-
tion, x11, x21, x31, x41, x51, x61, x12, x22 x32, x42 x52, x62, which are

the two vanables of the model sssociated wath esch alternative, avl, av2,
avd, avd, av5, avB, which have the value 1 if the sssocated altermative 15
avallable for the current observation, and () otherwse.

BIOGEME 1.8 szsumes that the data file contains o its first hne a hist
of labels comesponding to the available data, and that esch subsequent hine
contains the exact same number of numencal datsa, each row cormesponding
to an observation. Delmmiters can be tabs or spaces.



Biogeme

BIOGEME 1.5 also neweds a file where the model specification 15 desenbed.
Use your favarite text editor to create such a file, which must have .mod as
an extension. This file 15 orpanized into many sections, most of them being
optional. For our ssmple example, we must define at least 5 sections:

1. Section Choice: 1t mmply descnbes to BIOGEME 1.8 where the de-
pendent vanable can be found 1n the file. The syntax s

[Choice]
Choice

Mote that the syntax 15 case sensitive, and that choice 1s different from
Choice.



2. Section Beta: ths section describes to BIOGEME 1.8 the st of coef-
fiments that must be estimated. The syntax s

[Beta]

S/ Name Value LowerBound UpperBound atatus (O=variable, 1=fi:
ASC1 a -10000 10000 1

ABC2 a -10000 10000 a

ABC3 a -10000 10000 a

ASC4 a -10000 10000 a

ASCS a -10000 10000 a

ASCE a -10000 10000 a

BETA1 0 —-10000 10000 0

BETA2 0 —-10000 10000 0

We immediately note that every hine starting by // are 1gnored by
BIOGEME 18 and are used to mclude comments 1in the file. The

section 15 orgamized mto columns. The first column contains the name
af the coeffictents. The second column contains & defanlt value (wsually

0). The third and fourth columns contmin lower and upper bounds
[respectively) on the value of the coefficents. Usng -10000 and 10000
by default s appropriate s the vast majonty of practical cases. The
last column tells BIOGEME 1.8 15 the coefficient must be estimated
(0}, or must be mamtained at its defanlt value (1). In this example,
not all alternative speafic constants are Wdentified. Therefore, ASC1 15
fixed to its defsult value 0 by putting & 1 1n the last column.



3. Section Utilities: This i were the specification of the utibity func-
tions 1 descnibed. The speafication for one alternative must start at a
new row, and may actually span several rows. For each of them, four

entries are spectied:

(a] The dentifier of the alternative, with a numbering convention
conswtent with section [Choice|;

(b) The name of the alternative;

(] The avalahility condition. In this case, it 15 & direct reference to
one of the entrnies 1 the data file;

(d) The hnear-in-parameter utility function s composed of & hst of
terms, separated by a +. Each term 15 composed of the name of a
parameter and the name of an sttnbute, separated by a =. Note
that & space 1 required after each parameter name parameter.

[Utilities]

Jf 1d Name Avail linear-in-parameter expression
1 Altl awl  ABC1 * gcns + BETAl # x11 + BETAZ * x12
2 Alt2 aw? ABC2Z * gne + BETAl1 # x21 + BETAZ * x22
34 Alt3 awd ABC3 * one + BETAl * x31 + BETAZ * x32
4 Alt4 av4  ASC4 * one + BETAl * x41 + BETAZ * x42
& AltE awbh  ABCE * one + BETAl1 # x51 + BETAZ * xE2
6 AltE awe  ASCE * one + BETAl * x61 + BETAZ * x62



4. Section Expressions: 1t descnbes to BIOGEME 1.8 how to compute
attnibutes not directly available from the data file. In thes example, the
only such stinbute 15 cne.

[Expressions]

// Define here arithmetic expresgions for nmame that are not
ff directly awailable from the data
one = 1

5. Section Model: it tells BIOGEME 1.8 wlich assumptions must be used

regarding the error term, that s which type of model must be esti-
mated. In this example, 1t = the multinomal logit model.

[Model]

Jf Currently, only $¥MNL (multinomial logit),

A/ FAL (nested logit), $CHL {(cross-nested logit) and
Af FHGEV (Network GEV model) are walid keywords

SMHL

Assume we have typed these sections m the file mymodel .mod. BIO-
GEME 1.8 s then run in & shell using the command



biogeme mymodel sample.dat
The followmg mmformation appears on the screen:

e Information about the vermon of BIOGEME. The date s when the
software was compaled.

BIOGEME Version 1.7 [Sun Aug 3 11:04:51 2008]
Michel Bierlaire, EFFL

s BIOGEME 1.8 checks 15 a file called mymodel . par, contaiming vanous
parameters, exasts. If not, it checks if the file called defaunlt . par exists.
If mot, 1t crestes 1t and set defanlt values to the parameters. That's
what maost users need m the beminming. Note that the information hke
[14:42:32] patFileNames . cc: 68 can be safely ignored.

[14:42:32] patFileNames.cc:68 mymodel.par does mot exist

[14:42:32]patFileNames.cc:72 Trying defaunlt.par instead
[14:42:32] patBiogeme.cc: 135 File defanlt.par does not exist. Defanlt values
[14:42:32]patBiogeme.cc:137 A file default.par has been created

s BIOGEME 1.8 then reads the model and dats files and reports vanous

mformation.



Head headers in sample.dat

Z2 headers read in sample.dat

Total mumber of different headers: 22
Read file mymodel.mod

Opening file sample.dat

Data file... line 500 Memcry: 131 Kb
Data file... line 100] Memory: 263 Kb
Total obs.: ga9

Total memory: 263.672 Kb

Detailed info in mymodel.sta

Nbr of attributes: 23

Nbr of alternatives: &

Sample gize: 1000

Nbr of groupa: 1

Nbr of betas: 8

Aun time for data processing: 00:01
Dimensicn of the optimiszation problem = 7
Jtility function: Linear-in-parametars



e BIOGEME 1.8 then starts the estimation. It dsplays mscellaneous
mformation at esch iteration of the estimation alporithm.

Init loglike=-160L.17
gmax Iter

+1
+3
+1
+3
+5
+4
+3

ATa+0
.Ble-01
.2Te-01
.62e-02
.55e—-03
G0e—04
L8Te-05

= @ N d= L2 hd =

L = 00 o= bJ b=

6

radins

.00e+00
.00e+00
.00e+00
L00e+00
.60e+01
.20e+01
.40e+01

Convergence reached...

¢ BIOGEME 1.8 reports the runming fime and prepares the output files.

Run time: Q0:01
Final log-likelihood=-576.002

Be patient... BIOGEME is preparing the output files
Aun time for var/covar computaticm: O0:00

+1

fix)

.&6051696=2+03
+7 .
+6.
+h.
+h.
+h.
+5.

S7Le026e+02
2840108=+02
837T0521=+02
T687041=+02
T600865a+02
T600213=+02

Status

**xxONVarg
**xxONVarg
**x*CONVarg
**x*CONVarg
*#k*Converg
**k*ConVErg
**xxONVarg

rhok nFree
. 1&e+00
L 2%a+00
. 20e+00
.11e+00
.01e+00
. D0e+00
L 00e+00

e B R R R
S e S s e i



o For the record, BIOGEME 1.8 reports the hst of files that were actually
used as input.

BIOGEME Imput files

Parameters: default.par
Model specification: mymodel . mod

Sample 1 : sample.dat

o BIOGEME 1.8 reports the hist of files that have been created, con-
taxmng the results of the estimation, as well as many other peces of
mformation.

BIOGEME Output files

Estimation results: mymodel.rep
Estimation results (HTHML): mymodel. hitml
Eetimation results (Latex): mymodel.tex
Eetimation results (ALogit): mymodel F12
Aesult model spec. file: mymodsl.reas
cample statistics: mymodel.sta



e BIOGEME 1.8 reports also the name of files that may be helphul
understanding problems with the model.

BIOGEME Debug file=z

Log file: mymodel.log

Parameters debug: paramsters.out
Model debug: model.debug
Model spec. file debug: __specFile.debug

s BIOGEME 1.5 reports some mmformation specific to the model. For
MNL, 1t reports the mmmimum argument of all exponentials computed
dunng the process, in order to signal & possible underflow. Most users
do not worry about this information.

Model informations: Multinomial Logit Model

The minimum argument of exp was -18.2387
¢ Finally, BIOGEME 1.8 reports the time of the min.

Hun time for estimation: o0 ;02
Total run time: o003



For the results, most users will consult the HTML file using theirr preferred
browser. A file wntten in ASCII format 15 also avalable, with the extension
.rap. A file wath FTEX code s also created, so that the results can eassily
be mtegrated 1n a report or an article wrnitten wath ths word processor. The
output locks hike:

Model : Multinomal Logit
MNumber of estimated parameters :© T
Number of ocbservations - 1000
Mumber of individuals - 100
Null log-ikehhood - -1605.170
Imt log-ikehhood - -1605.170
Final log-hkehhood - -576.002
Likehhood ratio test - 2055335
Rho-sgquare - (1641
Adjusted rho-square - 0L63T
Final gradient norm @ +1.150e-04
Dhagnostic ©  Convergence reached. .

Iteration : 7
Run time - 00:01
Vanance-covanance :  from analytical hessian

Sample file : sampledat




=summary statistics

Number of observations = 1000

£(0) = -=1605.170
Cif) = —576.002
—2[£(0)— L(B)] = 2058335
pr = 0.641
p* = 0.637
Robust
Vanahle Coeff. Asympt.
mumber Descripbion  estimate std. error  t-stat  p-value
1 AS(C2 168 0.164 -1.02 031
2 ASC3 00437 0172 -0.25  0.80
3 ASCH -0.486 0.130 270 0.0
4 ASCEH 0703 0.167 4.20 0.00
5 ASCH -1.34 0.207 -6.45 0.00
& BETAI 0.759 0.0372 2043 0.00
T BETA2 0.776 0.0368 21.06 0.00




e Init log-likelihood s the lop-hkehhood of the sample for the model
defined in the _mod file.

# Final log-likelihood 15 the lop-hkelihood of the sample for the es-
timated model.

e Likelihood ratic test s
— 2L — L) (5)

where £7 15 the log-likelihood of the sample for & Multinomial Logit
mode]l where all B parameters are 0, dr:ﬁm::db].r@], and £* 15 the
lop-hkehhood of the sample for the estimated model.

# Rho-square 15

j:l
21— —. B
# Adjusted rho-sguare I5
£—K
1— —
ot =1 = (7)

where K 1 the number of estimated parameters. Note that this statistic
15 meamngless mn the presence of constramnts, where the mumber of
degrees of freedom s less than the number of parameters.

# Final gradient norm 15 the gradient of the log-hkehhood function
computed for the estimated parameters. If no constraint 15 active at
the solution, 1t should be close to (). If there are equahty constrants,
or 1f some bound constramnts or mmequahty constraints are active at the
solution (that s, they are venfied wath equality), the gradient may not
be close to zero.



» Null log-likelihood is the log-likelihood of the sample for a Multi-
nomial Logit model where all B parameters are 0. It is computed as

O = Z Wy In : (3)

C
nesample # o

where #C,, 1s the number of alternatives available to individual n and
Wy 18 the associated weight.



