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Current Applications

• Mapping Applications

– Mapquest [1]

– Yahoo Maps [2]

• Navigation Systems
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The Problem

• Traffic is a real-time constantly-changing 

variable

• I consider how communicating real-time traffic 

data to/from vehicles via wireless, mobile 

devices can be efficiently processed and used 

to dynamically produce and adjust optimal 

traffic paths
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Real-Time Traffic Analysis Today

• CalTrans has loop detectors placed between 1/3 and 
1/2 mile apart on highways that report the number of 
vehicles that cross that point and the average amount 
of time that a vehicle is over that point [22]

– From this data, an estimate of the speed can be calculated

• The CHP exposes locations of incidents and any 
additional information they may have

• Sigalert.com [4] provides a nice interface to the data 
exposed by CalTrans and the CHP by allowing a 
user to see the traffic conditions along specific 
highways
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Limitations

• The data on Sigalert.com is not up-to-minute 

though, as there is at least a 15 minute delay 

because of CalTrans and the CHP sites

• The sensors owned by CalTrans are at specific 

points (generally near off-ramps, though not 

always, and at different distances from each 

other), and no data is gathered between the points
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The Refined Problem

• Given a static map of highways and 

constantly updated information about the 

speed and location of all cars on the 

highways, monitor and optimally determine 

the fastest route from a car’s current 

location to its destination

– What processing power is required to compute 

optimal paths in real-time?
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Vertex and Path Definitions

• A vertex is defined as an on-ramp or an off-

ramp of a highway, as shown on the 

previous slide

• Initially, a path will be defined as follows:
A path P on a graph G=(V, E) is a 

sequence of vertices Vp={v1,...,vj} such 

that for 1 ≤ i < j, (vi, vi+1) ∈ E
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Los Angeles Freeway Specifics

• Considering the entire Los Angeles freeway 

system, similar to the partial graph shown 

on slide 9, there are a total of 1053 on-

ramps and 1088 off-ramps, giving 2141 

vertices with 2401 edges in the entire Los 

Angeles freeway system depicted on slide 8
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Gathering the Speed and Location

• Assume the vehicles will transmit their speed and 

location (latitude, longitude) at regular intervals 

through a cellular link to cell towers that are 

already positioned along highways

• Using CalTrans AADT data [21], at rush hour in 

the worst case, there are potentially 106 vehicles in 

the Los Angeles freeway system 
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Fastest Path Application

• Determine the fastest path from the vehicle’s 

current location to its desired destination

• Input parameters

– current location of a vehicle as supplied by the GPS

– location of the desired destination as supplied by the 

driver

• Output

– the path with the minimum overall time
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Proposed Architecture

3 types of computers: Speed Gathering, Fastest Path, Highway
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Speed Gathering Computer Description

• Input

– (latitude, longitude) pair

– Speed of the vehicle at that point

• Output

– Nothing is required to be returned

• Functionality

– The (latitude, longitude, speed) data from all cars are 
forwarded to the Speed Gathering Computers

– These computers map the (latitude, longitude) pair to a 
highway

– They then forward the (latitude, longitude, speed) data to the 
corresponding Highway Computer
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Fastest Path Computer Description
• Input

– Source (latitude, longitude) pair

– Destination (latitude, longitude) pair

• Output

– Optimal path from source to destination

• Functionality

– Map the source (latitude, longitude) and destination (latitude, longitude) to 
(highway, on-ramp/off-ramp) pairs

– Assume

ds = distance of shortest path

ts(0) = time to traverse the shortest path with optimal speeds

ts(t) = time to traverse the shortest path with current speeds

z = ts(t) / ts(0)

– Determine all of the paths with distance less than z * ds between the two 
locations and request speed information from each Highway Computer that is 
traversed in each path

– Based on the current speeds, determine the fastest path between the source and 
destination and return that path

Note: Fast algorithms are needed here
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Justification of z * ds Value

• Taking z = ts(t) / ts(0) guarantees that I do not 
consider alternate paths that, even under optimal 

conditions, do not have the chance to be faster 

than the shortest path under the current traffic 

conditions
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Speed Update and Fastest Path 

Approaches

• Naïve approach

– Fastest path is recomputed using Johnson’s Algorithm 
[10] when an updated speed is received, and the fastest 
path is returned when requested

• Dynamic all-pairs shortest path approach

– Update an edge when a speed is received, query for the 
fastest path when requested [15]

• All-pairs all-paths pre-computed – Constant Update

• All-pairs all-paths pre-computed – Constant Query

• All-pairs all-paths pre-computed – Hybrid
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Naïve Approach

• Floyd [9] and Johnson [10] both presented 

algorithms for all-pairs shortest paths, though 

the algorithms had to be re-executed if an edge 

weight changed (with running times of O(V3) 

and O(V2lgV + VE), respectively)
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Dynamic All-Pairs Shortest Path Approach

• Demetrescu and Italiano added dynamic 

behavior in [15], showing that with an edge 

update cost of O(V2 log3V), they can make the 

query cost O(1), which is slightly faster than 

other proposed dynamic algorithms [13, 16]
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All-Pairs All-Paths Pre-Computed Approach

• The pre-processing step determines all of the 

paths between all points in the graph

• All of the paths between any two nodes can 

be looked up in constant time
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All-Pairs All-Paths Pre-Computed Running Times

• Pre-computing the number of paths from one 

vertex to every other vertex – O(E!) 

• ALL-PAIRS-ALL-PATHS running time - # pairs 

of vertices * time to compute # paths from one 

vertex = V2 * E = O(V2 E!)
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All-Pairs All-Paths Pre-Computed

Constant Update

• Update Edge – O(1)

– Take average of last 667 vehicles to transmit speed for 
the edge or the last 5 minutes (whichever comes first)

– If the average speed has changed by s mph (i.e. s=10), 
update the time to traverse the edge

• Retrieve Fastest Path – O(mV)

– Determine the time to traverse all of the m paths from 
the source to the destination that have distance less than 
zds (where ds is the length of the shortest path and z = 
ts(t) / ts(0)) and return the path with the minimum time
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All-Pairs All-Paths Pre-Computed

Constant Query

• Update Edge – O(V2 mlogm)

– Take average of last 667 vehicles to transmit speed for 
the edge or the last 5 minutes (whichever comes first)

– If the average speed has changed by s mph (i.e. s=10), 
update the time to traverse the edge and recalculate the 
fastest paths for all pairs of points that have a path 
containing that edge

• Retrieve Fastest Path – O(1)

– Retrieve list of all paths for requested pair of nodes and 
return the fastest path
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All-Pairs All-Paths Pre-Computed

Hybrid

• Update Edge – O(V2 m)

– Take average of last 667 vehicles to transmit speed for 
the edge or the last 5 minutes (whichever comes first)

– If the average speed has changed by s mph (i.e. s=10), 
update the time to traverse the edge and all paths 
containing that edge

• Retrieve Fastest Path – O(m)

– Compare the times to traverse all of the m paths from 
the source to the destination that have distance less than 
zds (where ds is the length of the shortest path and z = 
ts(t) / ts(0)) and return the path with the minimum time
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Running Time Comparison

O(1)O(V2 mlogm)O(V2 E!)

All-Pairs All-Paths 

Pre-Computed –

Constant Query

O(m)O(V2 m)O(V2 E!)

All-Pairs All-Paths 

Pre-Computed -

Hybrid

O(1)O(V2logV + VE)N/ANaïve (Johnson)

O(1)O(V2 log3V)N/A

Dynamic All-Pairs 

Shortest Path 

(Demetrescu, Italiano)

O(Vm)O(1)O(V2 E!)

All-Pairs All-Paths 

Pre-Computed –

Constant Update

Retrieve Fastest PathUpdate EdgePre-computation

m = # paths between a source and a destination

Note: Updating edges occurs more frequently than computing fastest paths
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Testing the Algorithms Using Simulation

• I have conducted some preliminary work creating a 
simulator to test the previous algorithms to determine 
whether the actual running time corresponds to the 
algorithmic running time

• Using the raw data provided by Caltrans’ loop detectors, I 
simulate the number of vehicles entering and exiting the 
freeway at any given time from any ramp

• The PeMS group at Berkeley estimates the speed at each of 
the Caltrans’ loop detectors [23], enabling me to derive the 
speeds between detectors
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Future Work

• What percentage of vehicles need to use the 
system to allow accurate fastest paths to be 
generated?

• If more cars than the percentage from the previous 
question transmit data, is the additional data 
necessary, or can the data be aggregated from the 
cars that are close in proximity?

• If all of the vehicles are routed along fastest paths, 
will the overall amount of time spent on the 
freeways by all vehicles decrease?
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Future Work (cont.)

• If some of the vehicles are routed along non-
optimal paths, will the overall amount of time 
spent on the freeways by all vehicles be greater 
than if the optimal path was always returned?

• With such a large amount of data, will exact 
algorithms be able to execute fast enough to make 
the system usable, or will heuristic algorithms 
need to be used?

• Can fastest paths be determined at such a granular 
level as lanes rather than just freeway segments?
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Future Work (cont.)

• Can incidents (accidents, road hazards, lane 
closures, etc.) be detected and vehicles alerted to 
the hazards?

• Can the probability of an incident occurring be 
determined and vehicles alerted to decrease the 
likelihood of an incident?

• What additional complications arise when 
considering traffic-regulated streets instead of 
only free-flowing highways?



Questions?
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Related Work

• Methods for monitoring traffic

– Loop detectors [24]

– Sensor networks [25] [26]

– Airsage [27]

• Travel time estimation and prediction [28] 
[31]

– Using loop detectors [29] [30]

• Traffic flow [17] [32]
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