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CHAPTER 5

IMPLEMENTATION ISSUES WITHIN TRANSIMS

This chapter is concerned with the Route Planner Module, a principal module in the

TRANSIMS framework which develops a time-dependent label-constrained shortest path for

each trip executed by a traveler in the system. Figure 1 details the inputs and outputs of this

module, along with its interactions with the other relevant modules of TRANSIMS. As mentioned

previously, the technique adopted by TRANSIMS to identify a suitable travel route for any user is

a variant of Dijkstra’s procedure for finding shortest paths, which is suitably modified to

accommodate time-dependent travel times and label sequence constraints. The underlying problem

is referred to as Time-Dependent Label-Constrained Shortest Path Problem (TDLSP), and is unique

to TRANSIMS applications.

This section begins with an overview of the Route Planner Module, a definition of the

terminology, some key concepts, the major data inputs and outputs, and generating internal

networks. Thereafter, three examples of various shortest path problems on networks are provided.

5.1 Overview

The Route Planner Module develops the route plans based on the demand represented in the

Activities data file. Each traveler, including itinerant travelers, truck drivers, and transit drivers, has

an individual travel plan. The overall travel plan consists of several single-trip requests*. Each

single-trip request is created from the activity file, traveler list, mode preference file, mode string*,

and vehicle file (see Figure 7).

The Route Planner computes a label-constrained, time-dependent shortest path for each

single-trip request. This is achieved by the Route Planner based on the construction of an Internal
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Network*, given the TRANSIMS network*, along with link travel time functions as obtained via a

feedback from the Traffic Microsimulator Module.

Once the plans are generated for all the travelers, they are simultaneously fed into the

Traffic Microsimulator Module.

*Please see Section 5.2 for the terminology and for relevant definitions.

 Module

Figure 7: DataFlowDiagram of the TRANSIMS Route Planner.
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5.2 Terminology

Single-trip request: A single-trip request mainly consists of a starting location (O), a destination

location (D), a starting time (t0), a maximum finish time (T), and a mode string.

Travel mode: There are nine different modes available within TRANSIMS (as shown in Table 1).

Table 1: Currently Recognized Travel Mode Labels.

Mode Mode Label
Walk w
Bike i
Car c
Bus b
Light Rail l
Regional Rail g
Rapid Rail p
Trolley y
Other Transit t

Mode string: The mode string contains a list of admissible travel mode sequences that could be

used in the order given along the path from the origin to the destination. For example, given a mode

string “wcw” for a trip from home to the office, any admissible travel pattern would start via a

“walk” mode from home to the “car”, use the car as a transportation vehicle, and finally “walk” to

the office.

Transit: From the point of view of the Route Planner, a transit vehicle is considered to be any

vehicle that makes scheduled stops along a predetermined route, such as, buses, trains, streetcar, etc.

TRANSIMS network: The TRANSIMS network provides information about streets, intersections,

signals, parking, activity locations, and transit modes within a road transportation network. This

information is used to construct the Internal Planner Network.

Internal Network: The Internal Network consists of nodes, links, time-dependent travel time

function on each link, and the possible travel mode on each link. The travel time function on each

link is time-dependent, that is, the travel on a link may incur different travel times at different times

of the day. The information regarding the delays on the links are derived from the Traffic

Microsimulator output and are provided via the Feedback File.
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Travel time function: 2t0 + 3

Given a starting
time t0 at node 1.

The arrival time at node 2 would be
t0 + the travel time function (3t0 + 3).

Travel mode: c

Activity location: An activity location is a place where a traveler’s activities (such as work, home,

shopping) can take place.

Node: This is a physical location in the TRANSIMS network, such as an intersection, activity

location, bus stop, etc. It is represented as:         .

Link: This is an unidirectional connection between a pair of nodes. The example below depicts a

link between nodes 1 and 2. Every link has a travel time function, a travel mode, and a layer

associated with it. For a traveler going from node 1 to node 2 using travel mode “c”(car), with a

starting time t0 and a travel time obtained via a travel time function “2t0 + 3”, which depends on the

time t0 at which the traveler enters the link at node 1, we can represent this information as follows:

Suppose that the traveler arrives at node 1 at time 4. Then the travel time on this link to node 2 is

equal to 2(4) + 3 = 11. Hence, the traveler would arrive at node 2 at time 4 + 11 = 15.

Travel time function: Each link in the Internal Network has a travel time associated with it. Links

on the street layer have a travel time for driving on that link. Links on the walk layer have a travel

time for walking on that link. Transit links have a travel time for the time between boarding a transit

vehicle at one stop and exiting the vehicle at the following stop. Travel times can either be constant,

such as walking times, or dependent on the time of day, such as for driving times.

Leg: A leg describes a traveler’s movement through the network. A leg must start and end at an

activity location, parking location, or transit stop. There could be only one link or several links

within this leg. For example, a trip “wbwcw” from office to home as shown in the diagram below is

comprised of six legs.

Node
number

1 2
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1. The first leg uses the walk mode from the office building to the bus stop. There is only

one link within this leg.

2. The second leg uses the bus mode to take the traveler from the origin bus stop to the

destination bus stop. There is only one link within this leg.

3. The third leg uses the walk mode from the bus stop to the parking lot. There is only one

link within this leg.

4. The fourth leg uses the car mode from the parking lot to the day care. This leg contains

three links as shown in diagram below. They are:

i) a link between parking lot and road # 1

ii) a link between road # 1 and road # 2, and

iii) a link between road # 2 and the day care.

5. The fifth leg uses the car mode from the day care to the home parking lot. There is only

one link within this leg, and

6. The sixth leg uses the walk mode from the home parking lot to home.
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Layer: A separate layer exists for each mode of travel. For example, a walk layer consists of all the

streets that can be walked along, and a transit layer is comprised of all possible transit modes such

as, rail, bus, etc.

Stage s: Stage s is an analytical algorithmic description, which designates a step in the procedure

where we examine all the nodes that are reachable from the origin node in s steps.

Parking lot

4th leg

c

carcar Day careRoad #2Road #1 car

1st link 3rd link2nd link
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5.3 Key Concepts

Network layers: The Route Planner conceptually views the network as a set of interconnected,

unimodal layers (see Figure 8). A separate layer exists for each travel mode (walk, bike, car, bus,

rail, trolley, etc.). At certain designated locations in each layer (activity location, parking location,

transit stop, etc.), which become nodes in the Route Planner’s view of the network, a special link

called a process link connects one unimodal layer to another. These process links allow intermodal

transitions to take place from one layer to another. The layers themselves are constructed from the

TRANSIMS network. The travel time for each link in each layer is computed via a link travel time

function, which could be time-dependent, or time-independent.

Conceptually, layers are associated with travel modes. There are three major types of layers

in the network:

• A walk layer, which consists of all activity locations and all of the streets that can be

walked along. However, the parking locations and transit stops that belong to the other two

types of layers are only accessible from activity locations in the walk layer via process

links.

Figure 8: A high-level depiction of the various layers used by the Route Planner.
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• A street layer, which consists of all links between intersections. This also includes the

parking locations.

• A transit layer, which consists of separate layers for each type of transit vehicle (e.g., a bus

layer, a rail layer, etc.). This also includes transit stops and transit routes. Note that each bus

route in a bus system is a separate layer by itself.

Based on individual traveler preferences and constraints as specified by the activities data

file, the Route Planner plans for trips that consist of multiple modal legs (e.g., walk-car-walk, etc.).

The process of constructing multiple layers in which each layer can be encoded as a different

unimodal network allows for the efficient computation of trips that are constrained by specified

modal sequence requirements.

5.4. Major Data Inputs and Outputs

The major inputs for the Route Planner Module are comprised of the follows:

§ single-trip request for each traveler, which is comprised of starting location,

destination location, starting time, maximum finish time, and travel mode, and

§ internal network, which is comprised of nodes and links, along with a specification of

the travel time function for each link. The node is a physical location in the TRANSIMS

network such as an intersection, activity location, or bus stop, and the link is an

unidirectional connection between a pair of nodes.

The major outputs of the Route Planner for each traveler are the information about the

transportation activities, which comprise the route path (nodes, links, and travel modes), the travel

time for each link, and the total travel time.
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5.5 Generating nodes and links in the Internal Network

One of the main differences between the TRANSIMS network and the Internal Network is

that the links in the Internal Network are all unidirectional, whereas the links in the TRANSIMS

network could be bidirectional. Any bidirectional link in the TRANSIMS network is converted to a

pair of unidirectional links in the Internal Network, one in each direction.

Each link in the TRANSIMS network can have accessories (transit stops, activity locations,

parking locations) attached to it. The accessories are represented by new nodes in the Internal

Network. Each link containing an accessory is split into two links, one from the start node of the

link to the accessory node, and one from the accessory node to the end node of the link. An

example that illustrates this transformation is displayed in Figure 9. This example does not include

a transit layer. The transit layers are described in more detail later on. The left part of Figure 9

shows a bidirectional street link in the TRANSIMS network between street nodes 1 and 2 having

two accessories, namely, A: activity location, and P: parking lot for this activity location.

Generally, each activity location is attached to a corresponding parking location. The right part of

Figure 9 shows the constructed Internal Network for this example. Each node must be explicitly

connected to appropriate activity locations in the walk-network using process links. Note that there

is no need to place a walk-network connection between the street nodes 1 or 2 and a parking node.

There are two oppositely-directed unidirectional links on the walk layer because walking can

always be performed in both directions.

Figure 10 illustrates the layers of the Internal Network corresponding to Figure 9. This

example has two layers, which are the street layer and the walk layer. All activity locations are

always placed on the walk layer, while parking locations are placed on the street layer.

Conceptually, nodes 1 and 2 appear in two different layers, even though these appearances

correspond to the same nodes in TRANSIMS.
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Generally, the Internal Network contains a transit layer. This transit layer may be split into

many different transportation layers, such as, bus route 1 layer, bus route 2 layer, rail 1 layer, rail 2

layer, etc. The information regarding the transit system comes from the TRANSIMS network’s

transit stop table, the transit route file, and the transit schedule file. Each transit stop must be

explicitly connected to appropriate activity locations in the walk network using process links.

Figure 10: Layers of the Internal Network corresponding to Figure 9.
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Figure 9: A transformation from the TRANSIMS network to the Internal Network.
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5.6 Generating travel time functions for each link in the Internal Network

Each link in the Internal Network has a travel time associated with it. Links on the street layer

have a travel time for driving on that link. Links on the walk layer have a travel time for walking on

that link. Transit links have a travel time equal to the time elapsed between boarding a transit vehicle

at one stop and exiting the vehicle at the following stop. Travel times can either be constant, such as

walking times, or dependent on the time of day, such as driving times.

Initially, there is no feedback input from the Traffic Microsimulator Module. The free-flow

speed and the length of each link are therefore used to generate the travel times on the links by

“dividing the link length by the admissible speed”. The Route Planner then finds a shortest path for

the various single-trip requests using the given Internal Network representation. Once the plans are

generated for all the travelers, they are simultaneously fed into the Traffic Microsimulator Module to

initiate the first simulation run.

The output from the simulation runs in the Traffic Microsimulator Module provides more

accurate information regarding the travel time functions on the links in the Internal Planner

Network on a time-dependent basis. These outputs are plotted on graphs that show the relationship

between a starting time and the travel time for each link, which is a time-dependent function.

Figure 11 illustrates an example of a travel time function over a 24-hour interval for a link defined

by a pair of specific nodes (node R1 and node R2), assuming that this link is on a street layer (travel

via a car).
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After obtaining the output from the simulation runs in the Traffic Microsimulator Module,

an estimate for the travel time function for each link is determined. This travel time function

represents the average travel time experienced by the vehicles that traverse the link, averaged over

a 15-minute interval. The average travel time is obtained via a linear approximation through a

Linear Regression Analysis for the outputs over a 15-minute interval.

Linear Regression Analysis is a statistical method of fitting a line through data to minimize

error. With linear regression analysis, model coefficients can be determined to estimate the travel

time function for each link in the Internal Network.

In linear regression analysis involving one independent variable t (the starting time on that

link), and one dependent variable d (the travel time), the relationship that is used to fit n data points

(1 )ni ≤≤  is of the following form, when a and b are model parameters that need to be estimated:

d = a + bt. (5.1)

Figure 11: An example of a travel time function over a 24-hour interval for a specific link
defined by a pair of specific nodes (node R1 and node R2).
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Mathematical formulas for estimating a and b in Equation (5.1) using a simple linear

regression are as follows:

b = 

∑ ∑

∑ ∑

= −

= =

−

−

n

i

n

i
ii

n

i

n

i
iii

ttt

dtdt

1 1

2

1 1 (5.2)

a = tbd − (5.3)

where,
n

t
t

n

i
i∑

== 1 (5.4)

and
n

d
d

n

i
i∑

== 1 (5.5)

As an example, consider a portion of Figure 11 between an interval of 8.00 a.m. to 8.15

a.m. The corresponding graph is highlighted in Figure 12, and the data is shown in Table 2.
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Figure 12: Travel time function over 7.00-9.00 a.m. interval corresponding to Figure 11.

Table 2: Data of a Travel Time Function over the Interval 8.00 A.M.-8.15A.M.
Data

point, i
Starting time

(a.m.)
Converted starting

time into a decimal, ti

Travel time (minute),
di

tidi ti
2

1
2
3
4
5
6

8.00
8.04
8.09
8.12
8.13
8.14

8.00
8.07
8.15
8.20
8.22
8.23

7.91
7.89
8.04
8.07
8.09
8.10

63.28
64.37
65.53
66.17
66.47
66.69

64.00
65.07
66.42
67.24
67.51
67.79

∑
=

=
6

1i
it 48.87 ∑

=

=
6

1i
id 48.19 ∑

=

=
6

1i
iidt 392.54 ∑

=

=
6

1

2

i
it 398.09

From the data given data in Table 2, we compute a linear approximation by using Equations

(5.4) to (5.5) as follows.

6
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= 
)87.48145.8(09.398
)19.48145.8(54.392

×−
×−

 = 
04385.0
03245.0

= 0.74

a = tbd −

= 8.032 – (0.74)× (8.145)

= 2.

Thus, using d = a + bt, we get

d = 2 + 0.74t.

A plot of the travel time function, d = 2 + 0.74t, is shown in Figure 13.

  Figure 13: A plot of the approximation to the travel time function over the interval 8.00 a.m. – 8.15 a.m.
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If we recursively use linear regression analysis for all the others 15 minute-intervals, we

obtain a piecewise linear approximation for the travel time function over the interval 7.00 a.m. –

9.00 a.m. (as shown in Figure 14).

Moreover, to enhance the effectiveness of the Microsimulator-Route Planner feedback,

noise can be added to the link travel times. The maximum amount of noise that can be added to the

link as a percentage of the link travel time can be specified. If the travel time for a link is d1 and the

specified noise percentage value is k, the reported travel time will be specified to lie in the interval

(d1-kd1, d1+kd1). However, TRANSIMS does not currently implement the noise function (it sets k

=0).

Figure 14: A plot of the approximation to the travel time function over the interval 7.00 a.m. – 9.00 a.m.
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5.7. Example of the Time-Independent Shortest Path Problem (TISP)

The example shown in Figure 15 is used to illustrate a solution of the Time-Independent

Shortest Path Problem (TISP) for a network that is represented in the format required by the

TRANSIMS Internal Network. The same example will be used for the other two problems with

appropriately modified data: the Time-Independent Label Constrained Shortest Path Problem

(TILSP), and the Time-Dependent Label-Constrained Shortest Path Problem (TDLSP).

Suppose that we are given a (simple) single-trip request, without label constraints (Table 3)

for a traveler designated ID 13300, involving a trip starting from “home” and going to “work”.

Table 3: Simple Single-Trip Request for a Traveler.
Person

ID
Trip

Number
Starting
Location

Destination
Location

Starting Time
(seconds since midnight)

13300 1 845654
(Home)

833503
(Work)

28800 (8.00 a.m.).

Furthermore, suppose that we have constructed the Internal Network as shown in Figure 15,

having unidirectional links and associated constant travel times as shown therein. For example, a

walk link between node H (home) and node W (work) has a travel time of 10800 seconds and a

starting time of 28800 seconds since midnight. Hence, the ending time at W along this route equals

the starting time plus the walk time, which results in 39600 seconds since midnight.
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From Figure 15, the starting location is node H (home), and the starting time is tH = 28800

seconds (since midnight). The destination location is node W (work location). If this traveler wants to

go to work by car, he/she must travel via node PH (a car parking at home), then proceed to node R1

(via road 1), next to node R2 (via road 2), then to node PW (a car parking at work), and finally walk to

the work place.

If the traveler prefers to go to work by bus, he/she must travel via node S1 (a bus shelter 1 for

passengers). This Internal Network has two bus routes. He/she has to choose between bus route 1 and

bus route 2. If he/she wants to travel via bus route 1, he/she must get on the bus at node BS1R1 (a bus-

parking place 1 for bus route 1) and then get off the bus at node BS2R1 (a bus parking place 2 for bus

route 1). If he/she prefers to travel via bus route 2, he/she must get on the bus at node BS1R2 (a bus-

parking place 1 for bus route 2) and then get off the bus at node BS2R2 (a bus-parking place 2 for bus

route 2). After traveling via one of the bus routes, he/she must pass node S2 (a bus shelter 2 for

passengers), and then walk to the work place.

Figure 15: The Network for the illustrative example for TISP.
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INITIALIZATION STEP

1. Set a starting time at the starting node (node H) as 8.00 a.m. (tH = 28800 seconds since

midnight).

2. Let the set SE initially contain only the starting node (SE = {H}), and let X be empty (X = ∅).

3. Label node H with its starting time (tH = 28800), and label all other nodes as infinity ( ∞ ).

Go to the Main Step.

MAIN STEP EXECUTIONS

Step 1

Note that SE = {H}.

1. Pick the node p = node H. Remove the node H from SE (SE = ∅) and add it to X (X = {H}).

2. Scan the forward star of p (node H). Here, the nodes W, PH, and S1 are in the forward star of p

(node H). For each node q in this forward star of p, check if tp + tpq is less than the current label

of node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

H 28800 W ∞ 10800 39600 (<∞ )
PH ∞ 5 28805 (<∞ )
S1 ∞ 60 28860 (<∞ )

3. From the table above, all values of tp + tpq are less than the corresponding current label of node

q. Hence, set

tw = 39600, DOWN(W) = H,

HPt  =28805, DOWN(PH) = H,

tS1 = 28860, DOWN(S1) = H, and let SE = ∅ ∪  {W, PH, S1} = {W, PH, S1}.
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Step 2

Note that SE = {W, PH, S1}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = PH. Remove the node PH from

SE (SE = {W, S1}) and add it to X (X = {H, PH}).

2. Scan the forward star of p (node PH). Here, the node R1 is in the forward star of p (node PH).

For each node q in this forward star of p, check if tp + tpq is less than the current label of node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

PH 28805 R1 ∞ 600 29405 (<∞ )

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

tR1 = 29405, DOWN(R1) = PH,

and let SE = {W, S1} ∪  {R1} = {W, S1, R1}.

Step 3

Note that SE = {W, S1, R1}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = S1. Remove the node S1 from

SE (SE = {W, R1}) and add it to X (X = {H, PH, S1}).

2. Scan the forward star of p (node S1). Here, the nodes BS1R1 and BS1R2 are in the forward star of

p (node S1). For each node q in this forward star of p, check if tp + tpq is less than the current

label of node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

S1 28860 BS1R1 ∞ 3 28863 (<∞ )
BS1R2 ∞ 3 28863 (<∞ )

3. From the table above, all values of tp + tpq are less than the corresponding current label of node
q. Hence, set

11RBSt  = 28863, DOWN(BS1R1) = S1,

21RBSt  = 28863, DOWN(BS1R2) = S1,
and let SE = {W, R1} ∪  {BS1R1, BS1R2 }= {W, R1, BS1R1, BS1R2}.
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Step 4

Note that SE = {W, R1, BS1R1, BS1R2}.

1. Pick the node p from SE that has the smallest label tp. The node BS1R1 and BS1R2 have the

smallest label. Let us select one of them, say, the node BS1R1. Hence, p = BS1R1. Remove the

node BS1R1 from SE (SE = {W, R1, BS1R2}) and add it to X (X = {H, PH, S1, BS1R1}).

2. Scan the forward star of p (node BS1R1). Here, the node BS2R1 is in the forward star of p (node

BS1R1). For each node q in this forward star of p, check if tp + tpq is less than the current label of

node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

BS1R1 28863 BS2R1 ∞ 1737 30600 (<∞ )

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

12RBSt  = 30600, DOWN(BS2R1) = BS1R1,

and let SE = {W, R1, BS1R2} ∪  {BS2R1}= {W, R1, BS1R2, BS2R1}.

Step 5

Note that SE = {W, R1, BS1R2, BS2R1}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = BS1R2. Remove the node

BS1R2 from SE (SE = {W, R1, BS2R1}) and add it to X (X = {H, PH, S1, BS1R1, BS1R2}).

2. Scan the forward star of p (node BS1R2). Here, the node BS2R2 is in the forward star of p (node

BS1R2). For each node q in this forward star of p, check if tp + tpq is less than the current label of

node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

BS1R2 28863 BS2R2 ∞ 2821 31684 (<∞ )

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

22 RBSt  = 31684, DOWN(BS2R2) = BS1R2,

and let SE = {W, R1, BS2R1} ∪  {BS2R2}= {W, R1, BS2R1, BS2R2}.
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Step 6

Note that SE = {W, R1, BS2R1, BS2R2}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = R1. Remove the node R1 from

SE (SE = {W, BS2R1, BS2R2}) and add it to X (X = {H, PH, S1, BS1R1, BS1R2, R1}).

2. Scan the forward star of p (node R1). Here, the node R2 is in the forward star of p (node R1).

For each node q in this forward star of p, check if tp + tpq is less than the current label of node q.

Starting node
(p)

Starting time
(tp)

Forward star
(q)

Current label of node q
(tq)

Travel time
(tpq)

starting time + travel time
(tp + tpq)

R1 29405 R2 ∞ 179 29584 (<∞ )

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

tR2 = 29584, DOWN(R2) = R1,

and let SE = {W, BS2R1, BS2R2} ∪  {R2}= {W, BS2R1, BS2R2, R2}.

Step 7

Note that SE = {W, BS2R1, BS2R2, R2}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = R2. Remove the node R2 from

SE (SE = {W, BS2R1, BS2R2}) and add it to X (X = {H, PH, S1, BS1R1, BS1R2, R1, R2}).

2. Scan the forward star of p (node R2). Here, the node PW is in the forward star of p (node R2).

For each node q in this forward star of p, check if tp + tpq is less than the current label of node q.

Starting node

(p)

Starting time

(tp)

Forward star

(q)

Current label of node q

(tq)

Travel time

(tpq)

starting time + travel time

(tp + tpq)

R2 29584 PW ∞ 345 29929 (<∞ )

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

WPt = 29929, DOWN(PW) = R2,

and let SE = {W, BS2R1, BS2R2} ∪  {PW}= {W, BS2R1, BS2R2, PW}.
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Step 8

Note that SE = {W, BS2R1, BS2R2, PW}.

1. Pick the node p from SE that has the smallest label tp. Hence, p = PW. Remove the node PW

from SE (SE = {W, BS2R1, BS2R2}) and add it to X (X = {H, PH, S1, BS1R1, BS1R2, R1, R2, PW}).

2. Scan the forward star of p (node PW). Here, the node W is in the forward star of p (node PW).

For each node q in this forward star of p, check if tp + tpq is less than the current label of node q.

Starting node

(p)

Starting time

(tp)

Forward star

(q)

Current label of node q

(tq)

Travel time

(tpq)

starting time + travel time

(tp + tpq)

PW 29929 W 39600 9 29938 (<39600)

3. From the table above, tp + tpq is less than the current label of node q. Hence, set

tW = 29939, DOWN(W) = PW,

and let SE = {W, BS2R1, BS2R2} ∪  {W}= {W, BS2R1, BS2R2}.

Step 9

Note that SE = {W, BS2R1, BS2R2}.

Pick the node p from SE that has the smallest label tp. Hence, p = W, which is the destination node .

We therefore, stop with an ending time of 29938 seconds since midnight. Tracing backwards using the

DOWN (⋅) labels yields the shortest path Hà PH à R1 à R2 à PW à W (as shown in Figure 16).
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Next, we consider the case where each link is also ascribed a label taken from some

collection of symbols (such as letters).

Figure 16: The shortest path solution for the example.
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