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Appendix A:

Heuristic On-line Web-Linked Arrival Time Estimator (HOWLATE)

Algorithmic Statement

Overview

Step 1.
Expectation Under Training Period

Step 2.
Optimal Paths and Travel Times in Evaluation Period

Step 3.
Determine Performance of Non-Users in Evaluation Period

Step 4.
Determine Performance of ATIS Users in Evaluation Period


OPTION 1:  Pre-Trip Time Shift with Pre-Trip Route Choice



OPTION 2:  Pre-Trip Time Shift with En Route Path Choice 

Support Routines

A. Forward A-STAR Dynamic Program: 
[image: image1.wmf]¢
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B. Reverse Time Dynamic Program: 
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C. Forward Path Traversal Under Estimated Travel Times: 
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D. Forward Path Traversal Under Actual Travel Times: 
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E. Evaluating Arc Costs Between Lattice Points

Step 1.  Expectation-Setting Under Training Period

Network Structure File:

For each link 
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, the network of directed arcs:
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link 
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 defined as unidirectional arc from node 
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 to node 
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facility type (currently arterial or freeway)
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congestion threshold time (seconds)
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distance along link (miles)

Archived Daily Link Travel Time Files, Training Period
For each day 
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 For each link 
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archived link travel time for link 
[image: image17.wmf]l


for arc traversal beginning at time 
[image: image18.wmf]t

, day 
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Monte Carlo Parameters from Control Parameter File:
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offset for link travel time value by facility type and congestion
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standard deviation of link travel time value by facility type and congestion

Experimental Control Parameters:


[image: image22.wmf]f


yoked trial toggle.  Set = 1 if this is a yoked trial between ATIS users and 


habitual travelers who are FAMILIAR with congestion conditions;

Set = 0 if this is a yoked trial between UNFAMILIAR subjects.


[image: image23.wmf]c


FAMILIAR parameter:  subject on-time arrival requirement (scaredy/macho factor)



[image: image24.wmf]r


UNFAMILIAR parameter:  estimated peak period travel time premium


for DC, use TTI mobility index: 1.41.
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UNFAMILIAR parameter:  set of time intervals designated as “peak” period



for DC, use:  7:00-9:30 AM, 4:15-6:30 PM.

PROCEDURE:

1.
Monte Carlo sampling to produce actual travel times in each day of the training period 
[image: image26.wmf](
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a. compute congestion factor based on 
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b. compute estimates based on link characteristics, time of arc traversal, and adjustment factors:
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c. enforce consistency in actual travel time profiles, enforcing FIFO for arc costs in time:


if 
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d. if 
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 then proceed to substep 2 to compute FAMILIAR training, else proceed to substep 5.

2.
FAMILIAR TRAINING


Generate profile of average experienced conditions during training period 
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3.
For each destination node 
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and target arrival-at-destination time 
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, a lattice of 15 minute target arrival times during the day,


perform DP recursively from 
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at time 
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using average arc costs to find:
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4.
For each day 
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a. traverse 
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b. from the vector series 
[image: image50.wmf]{
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c. compute the habituated time of trip start,  
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d. compute the average travel distance on the habitual path 
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e. identify the savvy ATIS user correction factor, 
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traverse 
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Let  
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f.  skip forward to Step 2., Optimal Paths in Evaluation Period.

5.
UNFAMILIAR TRAINING


Generate profile of roadway congestion estimated by unfamiliar travelers, 
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6.
For each destination node 
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and target arrival-at-destination time 
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perform DP recursively from 
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at time 
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using average arc costs to find:
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7.    Compute the habituated time of trip start, 
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Note: 
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8.

Set 
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Skip forward to Step 2, Optimal Paths and Travel Times.

Step 2.
Optimal Paths and Travel Times in Evaluation Period

NEW INPUT FILES:

Archived Daily Link Travel Time Files, Evaluation Period

For each day 
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 For each link 
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archived link travel time for link 
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for arc traversal beginning at time 
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, day 
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PROCEDURE:

1.
Monte Carlo sampling to produce actual travel times in each day of the evaluation period 
[image: image90.wmf](
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a. compute congestion factor based on 
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b. compute estimates based on link characteristics, time of arc traversal, and adjustment factors:
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c. enforce consistency in actual travel time profiles, enforcing FIFO for arc costs in time:



if 
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2.
Find fastest paths based on actual data from the evaluation period:


For each destination node 
[image: image96.wmf]d

, target arrival time of 
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, and day
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:



a. perform DP recursively for 
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b. find path distance on the optimal route as 
[image: image105.wmf])

l

l

)

d

d

t

t

o

d

j

o

d

j

,

,

,

,

=

Î

å

P

.





Step 3.
Determine Performance of Non-Users in Evaluation Period

NEW INPUT FILES:

None.

PROCEDURE:

1.
recover habituated paths and trip start times from Step 1, 
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2.
For each day 
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a. traverse 
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Step 4.
Determine Performance of ATIS Users in Evaluation Period

OPTION 1:  Pre-Trip ATIS, Concurrent Time-Shift and Route Choice


NEW INPUTS:

From Control File:
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Maximum late departure, expressed in multiples of 300 seconds
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Maximum early departure, expressed in multiples of 300 seconds
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Route diversion indifference threshold

PROCEDURE:

1. 
Recover archived and actual link travel time files for the evaluation period.

2.
For each 
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b. 
perform forward DP from 
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 with arc costs fixed at 
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c.
check to see if trip start can be safely postponed five minutes longer



CHECK#1:
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CHECK#2:
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(still have flexibility to postpone trip?)



If CHECK#1 and CHECK#2 are true,




then set 
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Otherwise we have determined the time of trip start, set 
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d. 
Check if candidate path is the habitual path;
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e.
forward traverse the habitual path, 
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f.
perform check to see if the alternative route is attractive enough to warrant diversion



CHECK#3:
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If CHECK #3 is false, then GOTO step h.


g.
SWITCH to the alternative path:



Traverse 
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Set pre-trip switch indicator 
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Set 
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h.
STICK with habituated path:



traverse 
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Set pre-trip switch indicator 
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h.
Generate performance record (by day j):
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trip destination
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target time of trip end at destination
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[image: image156.wmf])

d

t

o

d

j

,

,


travel distance on optimal path




[image: image157.wmf]t

o

d

,

,

t

0


habitual time of trip start




[image: image158.wmf])

p

o

d

j

,

,

t


non-user experienced travel time (leaves at habitual trip start time)
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ATIS user time of trip start
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predicted fastest travel time for ATIS user at trip start
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experienced travel time, ATIS user
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number of pre-trip route changes by ATIS user
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number of en route path changes by ATIS user
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savvy ATIS user correction factor

OPTION 2  En Route ATIS


NEW INPUTS:

From Control File:



[image: image168.wmf]e
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Maximum late departure, expressed in multiples of 300 seconds



[image: image169.wmf]e
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Maximum early departure, expressed in multiples of 300 seconds
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Route diversion indifference threshold 

PROCEDURE:

1.
Recover archived and actual link travel time files for the evaluation period 
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For each 
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: (Establish Time of Trip Start)
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set 
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b. 
perform forward DP from 
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 with arc costs fixed at 
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c.
check to see if trip start can be safely postponed five minutes longer



CHECK#1:

[image: image179.wmf]D

-

<

+

¢

t

w

t

t

j

d

o

d

o

p

t

,

,

,

,

&


(predicted to be early?)




CHECK#2:
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(still have flexibility to postpone trip?)



If CHECK#1 and CHECK#2 are true,




then set 
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Otherwise we have determined the time of trip start, set 
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3.
Continue with the 
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 by establishing en route behavior
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Initialize intermediate travel time 
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path 
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Set the path taken by the traveler 
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b.
forward traverse the current path, 
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c. 
If 
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[image: image196.wmf](

)

$

,

,

,

,

p

p

i

d

j

i

d

j

t

t

a

=

.


d. 
perform forward DP from 
[image: image197.wmf]i

 at 
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 with arc costs fixed at 
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If 
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, GOTO Step g.


e.
Check to see that the alternative route saves more time than the indifference threshold



If 
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f.
Switch to the alternative path:



Let 
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next link to be traversed from alternative path



If 
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increment route switch counter
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Set 
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the alternative path is now the current path



GOTO step h.


g. 
Stick with the current path:



Let 
[image: image211.wmf](

)

(

)

¢

=

l

I

,

,

P

i

d

t

a



next link to be traversed from current path


h.
Set 
[image: image212.wmf]~
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update list of traversed links



Set 
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update path given we have advanced to a new node



If 
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GOTO b.
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Let 
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k.
Generate performance record (identical to OPTION 1)

A. Forward A-STAR Dynamic Program: 
[image: image220.wmf]¢
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:  The subroutine takes the following arguments:
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trip origin




[image: image223.wmf]d


trip destination
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time of trip start


[image: image225.wmf](
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set of estimated arc costs to be used, defined 
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Plus, it uses the following array already constructed:
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heuristic estimate of minimum time required to go from 
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1.
Define the following:



[image: image230.wmf]O


the set  of open nodes, set 
[image: image231.wmf]O
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the set of closed nodes, set 
[image: image233.wmf]C
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.



[image: image234.wmf](

)

F

n


estimate of fastest path time from 
[image: image235.wmf]o
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earliest possible arrival time at node 
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set of successor nodes for 
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, i.e., nodes reached in one arc from 
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pointer for node 
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 to previous node along fastest path


2.
if 
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, exit with FAILURE. Otherwise, recover or calculate 
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3.
a. find 
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b. if 
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, then GOTO Step 5.
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if 
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if 
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                            Else GOTO (**).
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Set 
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Update 
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 Next 
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d.  Set 
[image: image266.wmf]C

C

=

+

n

, 
[image: image267.wmf]O
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4.
GOTO Step 2.

5.
DONE.  Retrace pointers to find optimal path, path travel time is 
[image: image268.wmf](
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B. Reverse-Time Dynamic Program: 
[image: image269.wmf]`
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:  The subroutine takes the following arguments:
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trip destination
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target time of arrival at 
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set of actual arc costs to be used, defined 
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Plus, it uses the following array already constructed:
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free-flow arc travel times 
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1.
Define the following:
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the set  of open nodes, set 
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the set of closed nodes, set 
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set of predecessor nodes for 
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is reached in one arc
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pointer for node 
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 to next node along fastest path


2.
if 
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Otherwise, recover or calculate 
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[image: image297.wmf](

)

¢

Î

n

P

n

:



Let
[image: image298.wmf](

)

l

=

¢

n

n

,

and 
[image: image299.wmf]¢

¢

=

-

-

-

æ

è

ç

ö

ø

÷

a

a

a

c

REM

c

l

l

0

0

D

.


      (b*) 
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else set 
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 Next 
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e.  Set 
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4.
GOTO Step 2.

5.
DONE.  Retrace pointers to find optimal path, latest departure from any node is 
[image: image316.wmf](
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, travel time on optimal path from any node is 
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C. Forward Path Traversal Under Estimated Travel Times: 
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:  The subroutine takes the following arguments:
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Path to be traversed from origin to destination, an array of  links
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time of trip start
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set of estimated arc costs fixed at time 
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, defined 
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D. Forward Path Traversal Under Actual Travel Times: 
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:  The subroutine takes the following arguments:
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Path to be traversed from origin to destination, an array of links
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set of actual arc costs, defined 
[image: image331.wmf]"

l

,

t


1.
Set 
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Set the intermediate time
[image: image333.wmf]a
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2.
Find 
[image: image334.wmf]l

Î

P

o

d

,

, the next link in sequence from origin to destination.
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(see Appendix E)
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If
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Else return 
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as the travel time on the path.

E. Evaluating Arc Costs Between Lattice Points
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1.  For traversals and DP applications using estimated data, let 
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2.  For traversals and DP applications using actual data, 
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