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FEATURES Non-Stop (Option 1) 1 Stop (Option 2) 1 Stop (Option 3)

\I

Departure tme (local) | 6:00 PM 4:30 PM &:00 PM

Arvival ime 2114 PM 8i44 PM Fi44 PM

(local) ‘

Total ime in air ' 4 hr 14 min 4 hr 44 min 4 hr 44 min

Total trip time 4 hr 14 min 6 hr 14 min S hr 44 min

Legroom i-_;pical legroom 2-in mora of lagroom 4-in more of lagroorm

Airline [Airplane] | Depart Chicago Continantal Dapart Chicago Southwast Dapart Chicago Northwest

Altlines [8737] to San Diego Aldines [A220], connecing Airlines [MDS0], connecting
with Southwest Airlines [MD20] | with Arnerican Airines [DCY] to

| to San Diego San Diago

Fare $565 $485 $620

1. Which is MOST atbractive? ® option 1 ® option 2 ® option 3

Option1 (E1T{#), E .
Option2 (2B T LEY, Figth), — EUBAEEERT
Option3 (1 ZZBEITEHY, FYMZ) 12EATHED
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@ T —53MNDIEE
HH b
Subj_Age 4F fin SP1_MostAttractive | ERLI=JIL—F
Subj_Occupation i3 OptX Fare FE(S)
Subj_Income IR A (S) OptX_TotalTriptime | #&FF [ (hours)
Trip_Purpose ZENB /Y Trip_PartySize Rl{TE
OptX_Legroom | JH& & [ & Trip_Miles % 2N FE B (miles)

4 [\], Optionl, Option2, Option3MEIRIZH VT, TNF
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Vopl — ACSopl + ﬁtlme xopl time +,Bfare xopl _fare +ﬁleg xopl leg
Vopz — ACSopZ + IBtlme xopz time +.Bfare xopz _fare +ﬁleg xopz leg

I/opB — IBtlme Xop3_time +.Bfare xop3_fare +ﬁleg xop3_leg
ACS EREBEAEH (EHIEA)
Biime : FTEFFREIIX 9 5/3\54A—4
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€3 RStudio ?
File Edit Code View Plots Session Build Debug Tools Help

l-l2- B B3 =4

@ Untitled1* % @] Untitled2* » @ HzA.R* %
- = Source on Save | O f =

1 ### Multinomial Logit model estimation
4= 5 =@ A 2 setwd( C:/Users/a. 5u2uk1fDr‘npbnx (fukudalab-tokyotech)/junryu™)
Data0)1Tg&€ﬁH/\é 3 T A7 74N EHMAH

4 Data =- read.csv("boeing.csv”, header=7)
W::ﬁw VI NEIER % B

6 nos ow{Data)#nos (2 T = 7 I8 & LA

7 #5134 -2 oiEHESEE ., o2 R

B b0 <- numeric(5)#/)f 3 A —45H&EZH &5
q
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FunctionBAI CAEERE#ZEET S
S¢function B2 D 5]

a <- function(x){x+5}

@] Untitledl* » 2] Untitled2* » @ jEzHA.R =

[[|sourceonsave = & # 3

17 - fr <- function(x) { aQ) TCEDHL T ELE7HHS

18 #E B I8

19 bl = x[1]

20 bE <= K[E] sl

21 #FREE THDOESE

T s <D « b1=x[1]=ACSyp1 f1=x[4]=x¢gre
24 1 = x[4] _ _ = =

25 +ERAAR b2=xX|2]=AL 54y, LI=x(51=0eg

27 M EIEODELOETHNEETS
28 LL = 0
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Vopl — ACSopl + ,Bopl_time * Xtime +.Bop1_fare "Xfare +,Bop1_leg " Xleg
Vopz — ACSopZ + ,Bopz_time * Xtime +.80p2_fare ’ xfare +.Bop2_leg ’ xleg
Vop3 = ,BopS_time " Xtime +,80p3_fare " Xfare +,80p3_leg "Xleg

BN e

optionl =- exp(tl*Datatoptl_TotalTriptime + fl*Datatoptl_Fare,/100
option2 =- exp(tl*Datatopt2_TotalTriptime + fl*Datatopt2_Fare,/100

option? =- exp(tl*Datatopt3_TotalTriptime + fl*Datajopt3_Fare /100
LEF t0 Tk @7 m =1 BF

FEE 1 [l B E IR

+ Ll1*Datafoptl_Legroom + bl*matrix(l,nrow =nos,ncol=1))
+ Ll1*patafopt2_Legroom + b2*matrix(l,nrow =nos,ncol=1))

+ L1*Data%opt3_Legroom)| \ HUFILEX1DTR)vH R
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38 #AErH A5 Y DEXP(VIDIE{E S

39 deno =- (optionl + optionZ + option3)
40 #FEFNETNTTET S

41 Poptionl =- (optionl / deno)

42 Poption2 =- (option2 / deno)

43 Poption3 =- (option3 / deno)

R RO MIEL S

45 #EBIRF R (True or False EH 1,057 1)

46 Coptionl  <- Data$sPl_MostAttractive =="1"
47 Coption2  =- Dataj$sPl_MostAttractive =="2"
48 Coption3  <- Data$sPl_MostAttractive =="3"

4

T —A3MDSP1_MostAttractive GRIRFER) D 5 H Option3 |DIHE [F1
%, THOTRHWMTIZEL TR0z h T 5.



XL E D ERTE

IL—R3ZFRL-BE, IL—F30BREENEHINDS
ex) Option1ZERLI=T—2DIHE

Vop1
- 1*log( e 7

eVop1+eVop2+eVop3)
49
50 #MWIIEMEB (I ZxigimAEdT &)

51 LL =- colsums(Croutel®log{Proutel) + Croutez2®log(Proute?) +
52 Croute3“log(Proute3))

53 &
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55 - ##### WA ERE O B & L s#ssss
56
57 #ATEFEAETEZFHOEE. W3 A -2 —-EnE#E

58 res <=- DEt'imEbD,fr, method = "Nelder-Mmead"”, hessian = TRUE, control=list(fnscale=-1))

Optim - - - BxE 1L B %K
UL R 3 (fr) &b (R EZE & KR1E) 35
INGA—Z—FRDD

= print(res)
$par
[1] 1.2244185 0.1067678 -0.4150240 -1.9071265% 0.1967743

$value Spar

[1] -1082.2861

$counts /{5}_9_®%Eﬁ7¥0)1ﬁ

funct;il;)g gradie;r; Svalue

scomrgenc B fE

Snessage Smessage
" Shesstan I5—DHYEL, NULLELEL
[1,] -2?2.5%&12} 140.?5&%% 462.[51’5;2; —83.112['5’!;1 az.ssgiﬂz Shessian

[2,] 140.73952 -176.91895 -238.3211  39.468706 -35.740418 ,— =1 .
[3,] 462.06387 -238.32107 -888.2352 151.741911 -134.564903 /\\\J-t),f-l-gu (tﬂEG) =+ﬁ‘:M\g)
[4,] -83.11288 39.46871 151.7419 -125.718954  8.417851 A

[5.] 82.85821 -35.74042 -134,5649 B8.41785%1 -796.398185
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62 ## N3 A -HEEE, ~ v 2177

63 b <=- resipar

64 hhh <- resfhessian

65

66 ## tiE @ HtH tﬁE:

67 tval =- b/sgrt(-diag(solvelhhh)))

—

B

o

solve=+= W1TH|ZHHT 5.
ANy 1T Z 2 L 2 T
diag =" 1THID{ERL

sqrt = EHIBDEFHE ZERENDEH
RALEEETIEERETIIS_LTHEZE Y

tEMN1.96 L LGB E K ESREifEmTI=9
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88 nos <- nrow(Dpata)#nos (= T B E B

89 #)V 3 A — % DiNER{E:E

90 b0 <- ¢(0,0,0,0,0,1)#)% 3 » — A 6f&H &Hh 56
al

. AT —JLINGA—Z—5
~ fr =- function(x) 1
04 sEmE 1B 03 (FEE )

a5 bl =- x[1]
a5 b2 <- x[2]
97 #Fﬁ%ﬂﬁF‘Eﬁ]
a8 Tl =- X3 Kb1— — = J___
99 #H £ Eﬁﬂl-j;éb‘ JLINT A
100 fl =- x[4] A—ZTE =
101 # JE Fd b
102 L1 =- x[5]
103 #20 — b)Y 2

104 pa =- X[6
1N T O B el = S S =R O a s . T
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111 ption? <- exp(tl*pata’opt3_TotalTripti f1#Dpal —_ .
1 option expl atasop otalTriptime + a “jU—J:-E—BO);‘@:]:REEﬁO){’EEZ

113 #3 AFEES, ETTENESTH O OEREE (Y

114 nume.direct <- exp(pa*log(optionl)) (E?ﬁ-{ﬁh\gah\’ Dﬁ‘-U—A%ﬂ;&)

115 nume.transit =- exp(pa*logloption2+option3))

116

117 deno <=- nume.direct + nume.transit V _ 1 l V
118 P.direct =- nume.direct / deno l -_ n( exp(ﬁl l))
119 P.transit =- nume.transit / deno Bl iEC

120

P(m . eXp(.umVl)
122 SR, ransithEATOER, REHEREEELS. (V- TH Zl exp(/,thl)

123 #P(LVv2|LV1)
124 #2 BEfTEORMTOBRQELAGOMEZODEF)

125 deno. direct <- optionl 1e

126 P.optionl.direct =- optionl / ({deno.direct!'=0)*deno.direct + (deno.direct==0)) I‘opll Opzl Op3
127 . .
128 ## transitEo I h T 0 ER m:direct, transit
129 deno. transit <- option2+option3

130 F.option2.transit <- option2 S ((deno.transit!=0)*deno.transit + (deno.transit==0))

131 P.option3.transit =- option3 / ((deno.transit!=0)*deno.transit + (deno.transit==0))

132 /

SU—TFBEBNTERE & 5 OPUml)
HitERREESN X exp(UmVy)
(transitDIZ S RIHEMNEREH)
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133

134 ##% RiElL, TNETNOXBEFEORBEHEEZFTHET 4 P(
135 P.optionl <=- P.optionl.direct * P.direct

136 P.option2 <- P.option2.transit * P.transit

137 P.option3 =- P.option3.transit * P.transit

RIFF 3R % F H

P(i,m) = P(im)P(m) = —2bimVe) _expUimb1)

Zj exp(umV;) Zl exp(.umvl)

AL

"BFGS", hessian = TRUE, control=list{fnscale=-1))

151 res =- optim(b0,fr, method =
152 /

MethodZBFGSIZ
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Variable Description

Subj 1D Unique identifier for each respondent.
Subj_Male 1 if male, 0 otherwise

Subj_Age Age in years

Subj_Ocecupation

Occupation (01 = Executive and Managerial,
02 = Professional, 03 = Technicians and re-
lated support, 04 = Sales, 05 = Administra-
tive support, 06 — Services, 07 — Precision
production, craft, repair, 08 = Machine opera-
tors, assemblers, inspectors, 09 = Transporta-
tion and material moving, 10 = Handlers,
cleaners, helpers, 11 = Farming, forestry, and

Variable Description

OptX_DepTimeHrs Option X: Departure time, local (hours after
midnight)

OptX_ArrTimeHrs Option X: Arrival time, local (hours after mid-

night)

OptX_TotalTimelnAir

Option X: Total time in air (hours)

OptX_Total Triptime

Option X: Total trip time (hours)

Trip_IdealDepartureTime

Respondents ideal departure time (hours after
midnight)

fishing, 12 = Armed forces) OptX_Legroom Option X: Legroom (1 = 2 inches less than
Subj_Income Annual income in § typical, 2 = typical, 3 = 2 inches more than
Subj-[ncome:\-lissing Incomelis missing . typical, 4 = 4 inches more than typical)
Subj-Education Equca“on (01 = Less than High School OptX_AirlineA Option X: Airline for first leg (only known to
Diploma, 02 = High School Graduate, 03 = . .1 o
Some college, No Degree, 04 — Associate De- arbitrary airline number for proprietary rea-
gree - Occupational, 05 — Associate Degree - sons)
Academic, 06 = Bachelors Degree, 07 = Mas- OptX_AirlineB Option X: Airline for second leg (if there exists
ters Degree, 08 = Professional Degree, 09 = a second leg) (only known to arbitrary airline
Doctorate Degree) number for proprietary reasons)
OptX_AirplaneA Option X: Airplane for first leg (only known
Variable Description to arbitrary airplane number for proprietary
Trip_Purpose Trip purpose (1=business, 2=leisure, 3=at- reasons)
te“fling Confere_nce/ seminar/training, 4=both OptX_AirplaneB Option X: Airplane for second leg (if there ex-
i business and leisure) . . ists a second leg) (only known to arbitrary air-
Trip_TravelerPays 1 if the trave.ler Is paying for the trip, 0 if plane mumber for proprictary reasons)
someone else is paying OptX_Fare Option X: Fare (§)

OptX_SchedDelayEarly

Option X: Schedule delay (hours) - early de-
parture (calculated from OptX_DepTimeHrs
and Trip_ldealDepartureTime)

OptX_SchedDelayLate

Option X: Schedule delay (hours) - late depar-
ture (calculated from OptX_DepTimeHrs and
Trip_IdealDepartureTime)

Trip_PartySize Number of persons traveling

Trip_OrigMinGMT Origin city time zone (minutes from GMT)

Trip_DestMinGMT Destination city time zone (minutes [rom
GMT)

Trip_BaseFlight Time Flight time for shortest non-stop itinerary in
minutes

Trip_Miles Length of itinerary in miles

Trip_Direction Direction of itinerary (I=East to West,

2=West to East, 3=North-South)




