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Why Modeling Activity Rescheduling in an****

Integrated Framewor

K

Understand response
to network disturbance

Linking Planning and
Operations

m Supplement planning
oriented ABM

m Strengthen short-term
choice/decision models
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etc.) Scheduling
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Multi-Resolution Dynamic Traffic-
Traffic Transit
Simulation Assignment
Dynamic Traffic Assignment
—> | Complete and Consistent Daily Activities and Modes for All Travelers | «—
Incidents Within-Day
Event .
Activity
Scenarios ’
i Rescheduling
Policies
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Microscopic Simulation/Dynamic Traffic Assignment
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Premises

Higher frequency of within-day activity timing
adjustment (Joh and Doherty et al 2005; Roorda and
Andre 2007)

Time resource allocation decision based on utility
maximization (Gan and Recker, 2008)

Within-day travel decisions differ with presence of
traveler information (Srinivasan and Mahmassani
2003, Chiu et al, 2010)
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Rescheduling Decision Process

Activity rescheduling decision

problem
Space
m How to represent time budget —— , S0 dlay onoad
constraints in the problem? Gr;;;,x‘shoppmg
m  Consistent internal dynamics Home . " Home_
between activity rescheduling Time
decision model and time-varying Reschedule? Or not?

network information

Introduction Objective Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Activity Rescheduling Decision Process

Pre-planned Schedule
made previously

h 4

> Input unexpected events

t=t+1 l

N Final Pre-planned Schedule

for time t
7,

A 4

Rescheduling?

Y

Re-schedule element

Change in Change in
network condition| activity attribute

A 4
Updated pre-planned schedule
for time t

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Schedule Modification Process
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Network condition change

m Re-optimizing the remained
activities with updated travel
information

m |f no feasible solution found, one
discretionary activity is removed

m Re-optimize remaining activities

m Repeat process until an optimal
solution is found

Network Condition
Change

;

Delete one
discretionary
activity

<N

Optimizing existing
schedule

Activity
Feasible?

Y

v

Net start time,
during and
sequence of
activities

Introduction Contribution Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Schedule Modification Process
Activity attribute change
. ! }
m Time shortage oo
Insert new i ,
activity/extension of
duration s};‘s,:}::::; |
Rescheduling i T e
. Time Surplus » Optimize schedule [4— Nets.t:ntime’
Delete a preplanned e

activity or shortening
duration length

Rescheduling

Introduction Contribution Rescheduling Decision process

activity

<N

Activity
Feasible?

Y
A 4

Net start time,
during and

sequence of
activities

Decision model Algorithm Experiment Conclusion
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Travel Cost Consistent Utility Maximization R
Rescheduling Problem

ti+d,
Max Z =Y [MU(t)dt- Y 36, w,(t;+d) y,,

t;rda'J’g,a aeA'(V) s geA'(i)acA'(i)
Subject to
S S ’ . ’ .
t. —t,+My_ ,+d, <M—-w_, Vah ,NaecA'(i)heA'(i),a=h
Vont Via=1 Ya,h ,YaeA'(i)heA'(i),a=h
Smin S Smax €min e €max min max 1/
tomn <t <t S < 8 < m Ay =d, <d;" Va  vaed(i)
A(1) | Set of all activities in a schedule for traveler ; My, |marginal utility foractivity ge A(1)
A'(i) | Set of remaining activities for traveleri , indexed bya Wg,a(t](non-negative)t ravel time from activity geA'(i)to activity acA'(i)

tjmin (non-negative) earliest start time for activity acA'(i)

 Smax (non-negative) latest start time for activity acA'(i)
a

 Cmin (non-negative) earliest end time for activity acA'(i)
a

 Emax (non-negative) latest end time for activity acA'(i)

ts start of activity geA'(i)

a
dmi” (non-negative) shortest duration length for activity aeA'(i)
d duration of activity aeA'(i) a

d™® | (non-negative) longest duration length for activity acA'(i)
a

binary variable vaecA'(i)hed'(i),a=h. , . — — —
Vor=1if activity a_precedes activity j, Hg,a (between o to 1) weight of journey from activity geA'(i)toacA'(i)

MU ™| maximum marginal utility value for activity a€A’(i)
M | (positive) penalty value

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Travel Cost Consistent Utility Maximization ﬂ"
Rescheduling Problem

ti+d,
Max  Z =Y { [MU/(t)dt - 30, w,,(t;+d,) y,.}
tardaVsa  Gqti) £ geA'(i)acA'(i)

a
ti+d

a a

Where MU, = a-t?+b-t+c and jMUa(t)dt can be expressed as:

t

a

-1 _Uﬂ‘lﬂx g_Thadx S_MMin g_max 2_Mmin
Fb'[:t)=—* b — (t—tb +t1-,- ) +U;nﬁx(t—tb +tb )—|—C
3 (ta_mrz.x - ta_mm) 2 2
-] b
2
* Modified formulation
MAXZ= ) F(E+d)-EED+ ) Oy Wyalts +d,) - Y,
aed (i) ged (i) aed (i)

Subjectto ti —t; + My, +d, =M—-w,,, Vac A (i, hed (i),a+h
Vor T Ve =1, VacA'(i)he A (i)a+h
£ < pf < pfmar yg € A(i)
d" =d, =d™*, vac A'(i)

Em i Bm e
t™ <t +d, =", Yag A'(i)

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Consistent Solution with Time-Varying Travel Cost

* Modified schedule

Rescheduling

* Pre-planned schedule
*Estimated travel time Decision

Process

*Travel time! in an Updated
schedule

Inconsistent Travel time

!

Inconsistent Solution

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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= solution Algorithm

e Pre-iteration: Average travel time + non-integer sequence variable

e |nitial-Iteration: Average travel time + integer sequence variable
— A branch and cut algorithm —to find best k solutions

e Main-iteration: Time-varying travel time + integer sequence variable

— Step a: Find end time of activities of a node having max utility
value

— Step b: Find time-varying travel time (according to updated end
time)

— Step c: Solve for the optimal schedule

— Step d: Check convergence criterion; stop if criterion met;
otherwise repeat steps a — ¢

— Iteration:
for (best k sequences ){
dof
perform stepsatoc;
t;_new _ t:s_previous

}while(z . + z

aeA’ aeA’
}

new __ _jiprevious
da d a

>¢&)

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Time Shortage Case

Preplanned schedule: home - work - home

i Activit min max earliest |latest start| earliest |latest end|Maximum start time | duration | end time
y duration | duration | starttime time end time time Utility
Al | H(home) 6 hr 8 hr 0 0 6:00 AM | 8:00 AM 40 0 U ::mZO 7:20 AM
9 hr 10
A2 | W (work) 5 hr 10 hr 7:30 AM | 10:00 AM | 1:00 PM | 7:00 PM 120 7:50 AM min 5:00 PM
. 6 hr 20
A3 | H(home) | 30 min 10 hr 1:00 PM | 11:30 PM | 12:00AM | 12:00AM 40 5:40 PM min 12:00 AM

33eds

WQIR{[K{ '

l%{l@ms HOMIE
] Q/ | | \L| d{ Time
NI ! ol |
6AM S & 9AM 12PM 85 12AM
> > w ©
z =z 2=

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Time Shortage Case
Preplanned schedule: home - work - home
y HOME
6AM S & 9aMm 12PM S8 12aM M€
> > v U
z = =
An unexpected event will be given at 12:00 PM
i Activit in durati durati earliest start | latest start | earliestend | latest end Maximum
| Clivity min duration | max duration time time time time Utlllty
A4 G°'”§f‘;i°c§°“a' 20 min 60 min 12:00PM | 4:40 PM 8:20PM 5:00 PM -20

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : An event given at 12:00 PM
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Pre-iteration

m  Average travel time + non-integer sequence variable

W-H

W-PO

H-W

H-PO

PO-W

PO-H

Average travel time

40 min

20 min

40 min

30 min

20 min

30 min

m At 12 PM, a preplanned schedule has work activity and

home activity

m After initial decision process, the rescheduling set
includes new event

m Rescheduling set: work activity, home activity, and
post office activity

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : An event given at 12:00 PM
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Updated Preplanned schedule at Pre-iteration

m  Total Utility: 61,992
®  Non-integer variable for sequence

y23 y32 y24 ya42 y34 y43
0.5 0.5 0.5 0.5 0.5 0.5
m Schedule conflict
Start time Duration End time
A2 12:00 PM 6 hr 10 min 6:10 PM
A3 2:00 PM 10 hr 12:00 AM
A4 12:00 PM 20 min 12:20 PM

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : An event given at 12:00 PM

Zero-iteration
m  Average travel time + integer variable for sequence

(V12 <Y2) (Vi2>Y2)
Y1250 Y, 21
>1 infeasible feasible o <0
Va2 VoS

(y31<.V13)

feasible

(J’13<.V31)

infeasible

0

=

©

El) y23S0 y2321 {y23go y2321 {y23go y23>1 {y2330 y23>1
c_é V21 |y, <0 V221 |y, <0 (V321 V3 <0 V321 V3 <0
L |Infeasible  Infeasible Infeasible Infeasible  Infeasible Infeasible ~ U=49,795 Infeasible

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : An event given at 12:00 PM

Main-iteration
m Time dependent travel time + non-integer variable for

Time Varying Travel Time

q "
o 60
€ so i —— LY w-H
E 40
230-_[ | e \N-PO
g 207 [ |
= 10 H-W
0
H-PO
SS5S5S5SS5SSSS5S5S5SSSSsSsSsS5ss
SS3S3353353858358853888
SddmaTNoOdAAITNOTAINT N oA =—PO-W
NS AN M TN NONNO A NN MNMSE N OO O -
- — o — PO_H

Clock Time

m  Consistency of a solution is checked by convergence criteria

Inconsistent solution: Discrepancy between travel time in use and

actual travel time in a solution
ts—t's|+ Z|db ~d,
beA’

<&

Convergence criterion: g

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : An event given at 12:00 PM

Results

\g'd |
) Bl
A I 8
| HOME _
1 1 \i/\l:/ L 1 \il
! ! vou ! ! M Time
12PM 3PM S S 6PM 9PM 12AM
2
Previous schedule Modified schedule

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Time Surplus Case

Preplanned schedule at 1 PM: work—post office-home

aoeds

Starttime| Duration | Endtime
A2 1:00 PM |4 hr 20 min | 4:20 PM
A4 4:40 PM 20 min 5:00 PM

-l

S
(@)
|

ag
©
Ig
(T}

A3 5:30 PM | 6 hr 30 min | 12:00 AM S . W N | v
I I £ 5ol I ITime
1IPM  3PM S 588 6PM 9PM 12AM
© VU
=g

Two events given: Pick-up and meeting

max earliest start| latest start | earliest end| latestend | Maximum

11 Activity min duration duration time time time time Utility

5 Pick-up 10 min 60 min 1:00 PM 6:30 PM 1:10PM 7:00 PM -60

. . . . max earliest start| latest start |earliest end | latestend | Maximum

id Activity min duration . . . . . ..
duration time time time time Utility

6 meeting 30 min 5hr 5:00 PM 7 PM 5:30PM 10:00 PM 60

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Time Surplus Case
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At 3 PM, a pre-planned schedule

id Activity start time duration end time
A2 Work 3:00 PM 1 hr 20 min 4:20 PM
A4 | Post office 4:40 PM 20 min 5:00 PM
A5 Pick up 5:40 PM 10 min 5:50 PM
A6 Meeting 6:10 PM 3 hr 50 min 10:00PM
A3 Home 10:30PM | 1 hr30min | 12:00 AM

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion

Qoeds

@[I%[K@Ul?’

MEETING
I

1. HOME
MR R
o oo o ' oo i
NRS R i == 12AMT'me
1PM 3PM s S o6 o 9PM 8 &
TUU T© 0O O U o
= £ £ 2=

At 3 PM, pick-up and meeting event are canceled
m  Will a person add more activity after canceling two

activities?

m If yes, one alternative activity is selected



—Z.R.\_.

1o
THE UNIVERSITY
OF ARIZONA.
Alternative activities
i Activit Descrintion min max earliest |[lateststart| earliest | latestend | Maximum
y P duration | duration | starttime time end time time Utility
A7 | PB2(Personal business 2) Sf];c;;;yg 20min |[thr3omin| 3:00PM | 10:00PM | 3:30 PM | 12:00 AM -20
. Grocery . .
A8 |PB3(Personal business 3) shopping 30 min 60 min | 3:00PM | 5:00PM | 3:40PM | 9:00 PM 60
A9 |PB4(Personal business 4)|  Shopping 30 min 2 hr 3:00PM | 6:00PM | 9:30PM | 8:00PM 50
A10 | PB5(Personal business 5) Hospital 40 min 2hr 3:00PM | 4:20PM | 3:40PM | 5:00 PM 50
A11 | SR2(Social recreation 2) Tennis 30 min 2hr 3:00PM | 5:00PM | 4:30PM | 7:00 PM 80
Id Activity start time duration end time :
A2 Work 3:00 PM 1 hr 4:00 PM P© TEN[N]"
G
A4 Post office 4:20 PM 20min 4:40 PM ©i) o I..i
A1l |  Tennis 5:00 PM 2 hr 7:00 PM I ; !
il vwy W | Y
A3 Home 7:10 PM 4 hr 50 min 12:00AM 3PM B LR3 = 9PM 12 AMTime
o OO o oo
W VTV O 0
<L <<

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Activity Attribute Change
A 6AM 0
2 e
i VWORK G0 WORK
& ;.._’- e Sln OST
e OFICE
HOMIE o HOME :
U":‘:"/g \‘:If Time | ;-i/:;‘.l,"':," ' | \i/
12PM 85 12AM 3PM 8385 6PM 9PM 12AM Time
22 222
-UP
SN ]
'e MOME i e HIOME
o ":‘,/\ | \:‘,/1\;,’, \if Y ‘i"i"i’ ‘i*‘i’ i ‘i’
& B 9PM S S 12AMTime S RES e 9PM  12AM Tme
2 2 22 2222 22
Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Network Condition Change

Preplanned schedule at 2 PM: work—post office-
home |

Start time

Duration

End time

Work

2:00 PM

2 hr 20 min

4:20 PM

Post office

4:40 PM

20 min

5:00 PM

g;::::::

Home

5:30 PM

6 hr 30 min

12:00 AM

I [ 4 P

INT I # } Y .

R OW Time
2PM 3PM S0 6PM 9PM 12AM

v TUo

<<Z<LZ

Will travel cost change affect remaining schedule?

m  Atraveler receives roadway construction information at
2 PM, become aware of tentative delayed travel time

from4 PMto 5 PM

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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Experiment : Network Condition Change

aoeds

&~~~

| N
IR | | ' Time
12PM 3PM i E 5 6PM 9PM 9PM 12A
SISISRS]
YVU7©Ww U
2L
id activity |Starttime| Duration | Endtime id activity |Starttime| Duration | Endtime
A2 Work 2:00 PM | 2 hr 20 min | 4:20 PM A2 Work 2:00 PM | 1 hr 50 min | 3:50 PM
A4 | Post office | 4:40 PM 20 min 5:00 PM A4 |Post office| 4:40 PM 20 min 5:00 PM
A3 Home 5:30 PM | 6 hr 30 min | 12:00 AM A3 Home | 5:30PM |6 hr30 min|12:00 AM

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion



Conclusions

Proposed model solves for utility-maximizing
sequence, start time and duration of remaining

activities

Consistency between activity scheduling decision
and time-varying travel cost

Integrated with DTA model DynusT

Further tested within an integrated ABM-DTA
framework

Introduction Objectives Rescheduling Decision process Decision model Algorithm Experiment Conclusion
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