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EBIRFZIDDHMIDG, SRENE—FEMELMIZHED
MARKIEZITOEEZZSD

Vi = Virain = ASCirqin + Btime * TTaiNTr scaieq + Beost * TTAiN o5t scaied

VZ — I/SM — ASCSM + Btime & SMTT scaled + Bcost & SMcost scaled

V3 = Vegr = ASCiar + Btime * Carrr scatea + Beost * CATcost scaled
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EBIRFZIDDHMIDG, SRENE—FEMELMIZHED
MARKIEZITOEEZZSD

Vi = Vtrain — ASCtrain + Btime * TraiNgr scaied + Beose * TrAIN o5t scaled

VZ — I/SM — ASCSM + Btime & SMTT scaled + Bcost & SMcost scaled

VaR=Al = AS C  e  e C AU el e I SN o0 s N C UL T e e o]

ASC**. B**‘i¢ﬁiémé/\05}_9 >|<>I<TT scaled = **COSt saalad (i%ﬂ;&



METHETILIZDLNT

& ERERK
yl. eVi(x,,B)

P(il{1,2,3}; x, =
(10,2353 0) = 5—pi e

y; ERAIREAL B =1, AIRE/LRE =0

o5t LE
LL =) logP(isl{1,23}; )

n
i BANZE > TEIRSNFIRE



WFETAI—KRIZDL\T

®02logi @

Yia&F.py

3###################

# @flle 0Tlogit.py!
# @author: Michel Bierlaire, EPFLY
ff @date: Wed Dec 21 13:23:27 20114

#1
###############################ﬁ#######l

from biogeme import X1

from headers import *.

from loglikelihood import *1
from statistics import %!

1

#Parameters to be estimated!
ff Arzuments: |

AEWRGETHNTABLE..
giaiBigizigiaigigizigiainigiaigh

— OO OO O = OO OO =T O fau QOO —

e J o T O S S S S Y—

t -1 MName for report; Twpically, the same as the variable. !
t -2 Starting value.!
i -3 Lower bound.!
# -4 Upper bound. !
g - b 0: estimate the parameter, 1: keep it fixed.!
!
22 |ASC_CAR = Betal( ASC CAR™,0,-10,10,0, Car cte.’ )1
23 |ASC_TRAIN = Betal’ ASC TRﬂIN ,0,-10,10,0, ' Train cte. )1
24 | ASC_SM = Beta( ASC_SM™,0,-10, 10,1, 'Swissmetro cte. )1
25 |B_TIME = Beta(’B_TIME’,0, -10.10,0, 'Travel time )L
%g B COST = Beta(’B_COST’ ,U,-1U 10,0, 'Travel cost’)1
1
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» BIOGEME/gtkguibiogeme_static.exe

Welcome to Biogeme

biogeme 2.6a [Wed, Apr 19, 2017 7:57:38 AM]

About biogeme

This assistant will guide you step by step. Click the "Next" button to start.

Next Cancel

Select the version of biogeme that you want to use

Pythonbiogeme
« Pythonbiogeme

It is the most recent version of biogeme. The model specification is using the Python
3 programming language. The model specification file must have a .py extension.
Although designed for discrete choice models, it allows to estimate any model by
maximum likelihood.

Bisonbiogeme
Bisonbiogeme

Bisonbiogeme reads files with the extension .mod. It is the original version of
biogeme, dedicated to discrete choice models, with its own syntax for model
specification.

Biosim
Biosim
Biosim reads files with the extension .mod and apply sample enumeration.
mod2py

mod2py

It reads a Bison Biogeme model specification file (extension .mod) and generates a
Python Biogeme model specification file (extension.py)

Next Back Cancel
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» BIOGEME/gtkguibiogeme_static.exe

Python Biogeme

Select the model specification file and the data file for estimation e M Odel SpeCiﬁcatiOn
Model specification file .
» 02logit.py oS OZIOgIt'py
Data file
L) swissmetro.dat 2 ° D ata fi I e
File viewer .
Activate OFF SWISsmEtrO.dat
Log window
Activate E

!

APPLY!!

Apply Back Cancel
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&®02logit.py ~aAA R~

1 g#######################################l
|

# @‘fl|":‘ |:|1| nelt. p

f @author: Michel EIHF|1IFH EFFL

# Adate: Wed Dec 21 13:23:27 20111

#
HERRRAHR R AR AR R AR AR AR AR AR AR AR AR A ARS |
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& 02logit.py ~T4T T DERHIAH~

|

| SE L !
from biogeme irnpcnrt

o T

0 |from headers import X
I |trom loglikelihood import *.
2 from statistics import %!
311

WHBDTA4T3Y)

* biogeme- * *pythonbiogemelZihEZipythonF iE D IL5R
 headers- " *data SEEEITD i HIA H

BINDZA473Y)
* loglikelihood" " "I LHEFE ITHELSATSY)
e statistics* = *fREHIZESIRDSATSY)
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@ 02logit.py ~/\TA—RDEXTE ~

& XE

ASC CAR = Betal ASC CAR™,0,-10, 7"Car cte.’ )1

ASC TRAIN = Betal’ ASC TRMN ,0,210,10,0, Train cte, ')

ASC_SM = Betal( ASC SM™,0,-10, 10 Swissmetro cte. )

B TIME = Beta(’B_TIME’,0,-10,10, . Travel time )1

B COST = Beta(’B COST’,0,-10,10,0, Travel cost’)4
ASC_CAR = Beta( ‘ASC_CAR’ , , 'Car cte.)

¥ ¥ ¥ ]

INSA—5%  fIHIE EFR-TR

T

FERRTND
FFD/INTA—3 8

&% (1)- IEE%E(0)
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&®02logit.py ~ZEHNDETE ~

TRAIN TT_SCALED = DefineVariable("TRAIN_TT_SCALED", TRAIN_TT / 100.0)!
TRAIN_COST_SCALED = Def ineVariable(' TRAIN_COST _SCALED’, TRAIN_CO / 100) 1
SM_TT_SCALED = Def ineVariable( SM_TT_SCALED', SM_TT / lUU 0)1
SM_COST_SCALED = Def ineVariable(’ SM_COST SC&LED SM_CO / 100) ¢
CAR_TT_SCALED = Def ineVariable(’CAR_TT_SCALED™, CAR_TT / 100
CAR_CO_SCALED = Def ineVariable("CAR_CO_SCALED", CAR_CO / 100) 1

TRAIN_TT_SCALED
= DefineVariable('TRAIN_TT_SCALED', TRAIN_TT / 100.0)

e g RAN TSN oAl /o

ZHEZ DR T4 A —)LEf 2
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=L

¥ 02logit.py ~availabilityD % 7€ ~

CAR_&Y SP = DefineVariable('CAR_AV SP*,CAR_AY x ( SP 1= 0 ))u
TRAIN AY SP = DefineVariable(’TRAIN AY SP*,TRAIN. AY x ( SP 1= 0 ))J
|

= {1: TRAIN_AV_SP, !
20 SM_AV,
3: CAR_AV SP}1

CAR_AV_SP = DefineVariable('CAR_AV_SP',CAR_AV *( SP =0 ))

4 $

Pl SP + 0:CAR_AV
SP=0:0

W
32
il
il
S
e
S
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€ 02logit.py ~ERETILDERTE ~

# The choice model is a |._|+ with availabilit
logprob = biologlogit(V,av,CHOICE) 4

l T
O vhETIDER

HEeE DR B L B bioLoglLogit(Zh AR %L, Availability,51E £ DFEIR)

v conditions!

# Detines an_itertor on the datal
rowlterator( obslter ) |

1TL—E3DHKE

‘# DEfine the |ikelihood fum tion for the estimation!
BIOGEME OBJECT.ES TIMMTE = Sum( logprob, obslter )!

HEXE ?

)&f

%5 {0

% TE
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®02logit.py ~EIRETILDERTE ~

# Observations such that the dependent variable CHOICE is 0 are also removed.
exclude = ({ PURPOSE =1 ) x ( PURPOSE '= 3 ) + ( CHOICE ==0 )) > 0!

|
Bl OGEME_OBJECT.EXCLUDE = exclude! l

HE9AY1, 31X = B 89) LASY, ZIRHO(AER) %
exclude& L THRr4}
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€ 02logit.py ~RET=ZKDHH~

|
BIOGEME UBJECT,PﬂRﬂMETER$[’ODtimizatiopﬁlgorithm’] = "BID"
BIOGEME UBJECT‘FDRMULﬂS[,Train utility'] = V1

BIOGEME_OBJECT . FORMULASL Swissmetro utility’] = V21
BIOGEME_OBJECT . FORMULASL 'Car utility’ ] = V31

SISISIS,
||

D BIOGEME_OBJECT.PARAMETERS[“optimizationAlgorithm”]=“BIO”

- %

INGA—BHEDREE SEESELTILTIXLE
EET HEH BIOIZERE

@ ~@ BIOGEME_OBJECT.FORMULAS[“Car utility”]=“V3”

-

ETILOHBHDER BHEDOMREVIEESR
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&®02logit.py ~fiET=EZKHH~

#f Statistics) __ ‘
@ nul |L|::|.g.| ke | ihc:u;:u:J lav, "obslter’ )|

choiceSet = [1,2,31+ ‘
@ cteloglikel ihood(choiceSet ,CHOICE, obslter )4
@ avai labilitvStatisticsiay, obslter )l

@D nullLoglikelifood(F| A I EALEIRERID, T—F DA TL—43)
—XLOJTEEETD

L= In(y)

@ cteloglokelifood ((EIR %, %I‘%U)E?ﬂ, T—3DATL—43)
= /INGA—=EMNIDEIEDIGE DA E

L= z n; In(n;) — nin(n)

@availabiIityStatisticis(avaiIabiIity,7_'°—’5‘0)47_' L—A)
—EZIRFEAF AR RETH AR DM EHE
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QL AT7AILIZDUNT

@ 02logit.html
HRMLEE X TOHEELER
@ 02logit_param.py
EEBEHATEIHTEE, 28-£98D<R IR
3 02logit.log
F {78 (Zpython biogemeM L F{ LN 504
@ 02logit.tex
FhHiEREZtexTRECLIZLD
®) Hess.lis
= f&{EBHHH(Berndt Hall Hall and Hausman),2XERH%L, N7 <R )OR
® Hessian.lis
B RIEEXFE T O X 2L EE R 2D ¥ 175 (Matlab B #2)
(@ _parametersUsed.py
pythonbiogemeDEFTTHEAIN=/N\TA—FEFRHINTWSED Xk
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L7074 )ILIZDLNT
Statistics

Alt. 1 available: 6768 ZEIRAIAEIZoT-[E%]
Alt. 1 chosen: 908 EIRLI=[EIZL
Alt. 2 available: 6768
Alt. 2 chosen: 4050
Alt. 3 available: 5007
Alt. 3 chosen: 1770

Cte glikelihocod (only for full choice sets): -6

Null loglikelihood: -6964,

# Statistics)

nuIILoglukeluhood(av, obslter’)!

choiceSet = [1,2 , ,
cteLogIikelihood(choiceSethHOICE,,obslter )
availabilityStatistics(av, obslter’)!




Estimation report

Number of estimated ,

parameters:

Sample size:

Excluded observations:
Init log likelihood:
Final log likelihood:

Likelihood ratioc test for the
init. model:

Rho-square for the init.
model :

Rho-square-bar for the init.
model:

Akaike Information Criterion:

Bayesian Information
Criterion:

Final gradient norm:
Diagnostic:

Iterations:

Data processing time: |
Run time: |

Nbr of threads:

Trust region algorithm with simple bounds
Convergence re

oEe]

o

Scd, 6Bl

LoD, 464

A3 ,3098

197

187
188,928

216,208
B422-00

MEALEL

EELRE — 2(LF — L)

BRIELEL
pt=1-L"/L
p2=1-1L"/L

ched. ..

Pl aYata
(CGT2000) :



L ATF7AILIZDNT
Estimated parameters

Click on the headers of the columns to sort the table [Credits]

Name Value ||Std err||t-test|[p-value| |[Robust Std err||Robust t-test|jp-value| |
ASC CAR 0.0735 ||0.0421 [|1.74 0.08 E 0.0593 1.24 0.22 E
ASC TRAIN|[-0.609 ||0.0546 ||-11.17|[0.00 [0, 0800 -7.¢61 0.00 B
B COST 0.00635)|10.00262(|2.42 0.02 [ 1[0, 00221 2.88 0.00 B
B TIME -1.16 0.0542 ||-21.32||0.00 : 0.0959 -12.0¢ 0.00 :

TEFE tfE i\ ,
Ok Lk . _
_ :8 /O' D/\Zl‘*ﬁlﬁ?'s&é
— Pk/ Yk =
et

23
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QL AT7AILIZDUNT

Correlation of coefficients

Click on the headers of the columns to sort the table [Credits]

- i Rob Rob Rob. - i
Coefficientl||Coefficient2||Covariance||Correlation|t-test| P t- P
value cov. corr. (| . . value
- 2. 96e- n
ASC CAR B_COST 3.12e-005 |[0.283 loez |j0.11 x|l 00c .379 ||1.15 |[0.25 ||*
[asc TRATN  ||B_TIME [-0.00216 [-0.729 [5.41 |fo.00 ||j|—".|:|-:|6>3:2||—3 888/[3.20 [lo.00 ||j
ASC TRAIN ||B_COST 2.29e-005 |[0.160 ~11.36/[0.00 25'557@‘ 0.208 ||-7.73 ||0.00
[asc_car [lB_TIME [-0.00150 |[-0.655 (14.00 |[0.00 ||j|—:|.u:|-:u.f;7a||—:| 839|[s.24 |[o.00 ||j
B COST B_TIME ~1.54e-005|[-0.108 21.30 ||0.00 525256‘ ~0.248|[12.05 [|0.00
|asc caAr lrsc_Train  |[0.00140  |[[0.607 [15.41 |fo.00 ||j|-:|.-:n:|3>3:>3: l0.5818 |[14.69]0.00 ||j

#5818 ‘ i /

tiE plE
ONRMEFEIZED
HEtiE

24
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25



from biogeme import %!

f rom headeﬂs import X1

Trom nested import X . — F = N -
trom loglikelihood import X1 Nested Loglt Fﬁ0)7477 Jd)/r/' A} I‘
from statistics import *!

|
fParameters to be estimated!
ASC_CAR = Beta( ASC CAR™,-0.,167,
ASC_TRAIN = Beta( ASC TRﬂIN 0.5
ASC_SM = Beta( ASC_SM™,0, -1U 10,1
B_TIME = Beta('B_TIME’ -U 899 -lU
B COST = Betal('B “COsT’ -0.857,'10

MO = Beta(’'MU’,2.05,1,10,0) . o
. s Nested Logit "fHEZ R I /\TA—5F—
HGAL

SMCOST = SMCO * ( GA == O
TRAIN_COST = TRAIN.CO * ( GA -
l

10,0) 14
-10,10,0) 4

-10,
12,
1l
10 NV
1n

&

0 )l

1l ==

fiscalel

TRAIN_TT_SCALED = DefineVariable( TRAIN_TT _SCALED , TRAIN_TT / 100.0)!
TRAIN_COST_SCALED = DefineVariable(’ TRAIN COST_SCALED', TRAIN_COST / 100):
SM_TT_SCALED = DefineVariable("SM_TT_SCALED", SM_TT / 100.0):
SM_COST_SCALED = Def ineVariable(’SM_COST SC&LED SM_COST / 100) ¢
CAR_TT_SCALED = DefineVariable(’CAR_TT_SCALED’, CAR_TT / 100)
CAR_CO_SCALED = Def ineVariable(’CAR_CO_SCALED", CAR_CO / 100).
!

Butility functiond

V1 = ASC_TRAIN + B _TIME x TRAIN_TT SCALED + B_COST * TRAIN COST_SCALED!
V2 = ASC_SM + B_TIME * SM_TT_SCALED + B_COST * SM_COST_SCALED:
V3 = ASC_CAR + B_TIME * CAR_TT_SCALED + B_COST * CAR_CO_SCALED:




# Asso
Vo= {1: V1,4

2: ¥2,1

3: V314
1
#f Associate the availability conditions with the alternatives!
CAR_AY SP = DefineVariable('CAR_AY SP™,CAR AY x ( SP 1= 0 )
TRAIN AV SP = DefineVariable( TRAIN AY SP°,TRAIN &Y x ( SP 1= 0 ))u
av = (1: TRAIN_AY SP, 1

2: SM_AV, 1 )

3: CAR_AY SP}1 Nested DB 5E

|

filef inition of nests:i

# 1: nests parameter!

ft 2: list of alternatives!
existing = MU , [1,3]
future = 1.0, [2]

nests = existing,future

SwissMetro



# The choice model is a nested logit, with availability conditions!
logprob = lognested(V,av,nests,CHOICE) |

# Defines an itertor on the datal
rowlterator("obslter’) 1

ff DEfine the |ikelihood function for the estimation!
BIOGEME OBJECT.ESTIMATE = Sum(logprob, obslter’ )t

f#t exclude!

exclude = (( PURPOSE =1 ) x ( PURPOSE I= 3 ) + ( CHOICE == 0 )) > 04
BIOGEME _OBJECT.EXCLUDE = exclude!

#f Statistics!

nul Logl ikel ihood(av, "obslter’ )

choiceSet = [1,2,3]4

ctelLogl ikel ihood(choiceSet ,CHOICE, "obslter’ )
availabilityStatistics(av, obslter’ )t

BIOGEME OBJECT.PARAMETERSL "opt imizat iondlgorithm’ ] = "BI0" L
BIOGEME_OBJECT.FORMULASL Train utility'] = Y14

BIOGEME OBJECT.FORMULASL 'Swissmetro utility’] = Y21
BIOGEME_OBJECT.FORMULASL 'Car utility’] = ¥31

e R ———
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Estimation report

Number of estimated parameters:

Sample size:

Excluded cbservations:

Init log likelihood:

Final log likelihood:

Likelihood ratio test for the init. model:
Rho-square for the init. model: (
Rho-square-bar for the init. model:

.

| W oy

oo

Akaike Information Criterion: 10483.8

Bayesian Information Criterion: 1C

Final gradient norm:
Diagnostic:
Iterations:

Data processing time:
Run time:
Nbr of threads:

Estimated parameters

Click on the headers of the columns to sort the table [Credits]

Trust region algorithm with simple bounds

| Name ||Value”$td err”t—testﬂp—valueWRobust Std err”Robust t—test”p—value
Asc car  [-0.167[0.0371 |-4.50 [[o.00 |]o.0545 [-3.07 [0.00
Asc_TRAIN|-0.512[0.0452 |-11.33[o.00 |[o.0791 |-6.47 lo.00
[B_cosT |-0.857|0.0463 |[-18.51]0.00 |f|o.0s0cC [-14.27 lo.00
B_TME [-0.899|0.0570 |[-15.77]0o.00 |ffo.107 |-8.39 lo.00
MU [2.05 Jo.118 [17.45 Jo.oo [Jo.164 [12.51 0. 0c

s | e | s | | e | m—

(CGTZ000) :

FEBEAVER
AN DANTS)

Convergence

HonsdZé

reached. ..
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- SwissMetro Train | Car

fiDef inition of nests:!

alpha_existing = {1: ALPHA_EXISTING, !
2:0.0,1
3:1.014

l

alpha public = {1: ALPHA_PUBLIC, :
2 ].U,-L 30
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Probit

SwissMetro

.
P = {1: bioNormalCdf (¥1-¥3), 1
!

3: bioNormalCdf (¥3-V1)}14

b .



