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Activity 
demand

Travel 
demand

Socio-economic 
characteristics

Social interactions
Cultural norms

Basic needs
…

(Chapin, 1974)

Time and space 
constraints

(Hägerstrand, 1970)
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Utility-based models Rule-based models

Decision is made by maximizing 
utility derived from activities

e.g. 

Bowman & Ben-Akiva, 2001
Bhat et al, 2004

Decision is made by considering 
context-dependent rules 

e.g.

Gollegde et al., 1994
Arentze & Timmermans 2000
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Estimation

Data Literature

Parameters �n

Optimisation ⌦

Synthetic individual n

Disturbances "

Schedule Sn
"

Indicators

o Optimisation-based Activity Scheduling Integrating Simultaneous choice
dimensions
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o Optimisation-based Activity Scheduling Integrating Simultaneous choice
dimensions

• Activity participation, scheduling, mode, location choice

• Explicitly capture trade-offs between choices

• Combine econometric and rule-based approaches



o Main components and contributions: 
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o Main components and contributions: 

1. Choice set generation
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o Main components and contributions: 

1. Choice set generation
2. Discrete choice estimation of 

parameters
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o Main components and contributions: 

1. Choice set generation
2. Discrete choice estimation of 

parameters
3. Simultaneous estimation of 

scheduling choices

OASIS framework9
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o Maximum likelihood estimation (MLE) of parameters in discrete choice
models: 

!𝛽 = argmax 𝐿! 𝛽

𝐿! = *
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o Maximum likelihood estimation (MLE) of parameters in discrete choice
models: 

!𝛽 = argmax 𝐿! 𝛽

o Common assumptions on choice set:
• Universal across population
• Fully observed or observable 

𝐿! = *
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Enumeration over choice set 𝐶!
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Feasible schedules

frame Considered 
schedules

Actual choice set: 
Unobserved

Realised schedule

Unobserved and possibly 
infinite

Based on Shocker (1991)

Estimation choice set: 
sample of feasible 
schedules generated for 
estimation purposes



• Metropolis-Hastings sampling of feasible schedules (based on Flötterod & 
Bierlaire, 2013)
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• Metropolis-Hastings sampling of feasible schedules (based on Flötterod & 
Bierlaire, 2013)
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• Operators (non exhaustive)

Choice set generation15

Initial state

Inflate/Deflate

Assign

Swap

Mode Location



• Utility specification

• Default OASIS utility function (Pougala et al 2022)

Parameter estimation16

𝑈"! = 𝑈#"$%&'&#"%&(! + 𝑈)%"$% %&*+ + 𝑈,-$"%&(! + 𝑈%$".+/ + 𝜀"!

Schedule deviations

𝛽"#$%&max 0, 𝑥#∗ −𝑥#
+ 𝛽%#("max 0, 𝑥# −𝑥#∗



• Utility specification

• Utility function based on MATSIM scoring (after Feil, 2010), and PJET time of 
day utility (Ettema et al, 2007):
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𝑈"! = 𝑈#+$0 + 𝑈)%"$% %&*+ + 𝑈,-$"%&(!,2(*+(+𝑈%$".+/) + 𝜀"!



o Swiss Mobility and Transport 
Microcensus 2015 (BFS & ARE, 2017)

o Sample
• Students living in Lausanne (236 

individuals)
o Choice set size

• N = 10 alternatives (schedules)/person

o Considered activities:
• Education, Work, Leisure, Shopping, 

(Home)

•

Parameter estimation18

Model 1 (OASIS Generic - 12 parameters): 
o Activity-specific constants
o Aggregated penalties (flexible vs. Non 

flexible)

Model 2 (OASIS Specific -20 parameters): 
o Activity-specific constants
o Activity specific penalties

Model 3 (S-shaped - 25 parameters): 
o 𝑈!"# , 𝛽, 𝛼 estimated for duration and start 

time
o 𝑈!$% , 𝛾 fixed
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Model 1 Model 2



o Model 3
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o Simulation procedure: 
• Draw 𝛽$ from distribution of 𝛽
• Draw 𝜀$ from distribution of 𝜀
• Solve Ω for 𝛽$, 𝜀$
• Repeat 𝑁 times

o Comparison of literature and 
OASIS estimated parameters
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o Individuals maximise the total utility, subject to constraints:

Ω = max.
.

𝑈.!
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Location 1 
Mode 1

Location 2 
Mode 2

Location n 
Mode m

…
𝑎 ∶



o Individuals maximise the total utility, subject to constraints:

Ω = max.
.

𝑈.!

o Decision variables: 
• Activity participation
• Start time 
• Duration
• Succession between activities
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o Individuals maximise the total utility, subject to constraints:

Ω = max.
.

𝑈.!

o Constraints:
• Time budget 
• No duplicates
• Mode consistency 
• Resource availability
• Participation constraints
• Sequence constraints

Simulation24
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Literature
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Summary
o Optimisation framework to simulate activity schedules

• Simultaneous estimation of all scheduling dimensions
• Combining econometric and rule-based approaches

o Methodology to estimate the parameters
• Proof of concept with linear utility specification
• Estimation of state of the art specifications

Current challenges – future work:
• Sensitivity to choice set size
• Scalability of case study
• Intra- and interpersonal interactions (N. Rezvany’s PhD)
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