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( 57 ) ABSTRACT 
Technology for generating high perceptual - quality distance 
cartograms , which use geo - contextual anchors to avoid 
topological violations , is disclosed . A system can calculate 
the travel times between a selected origin of the graph , and 
other locations within the graph based on a graph describing 
the transportation network within a region ( e . g . , an urban 
setting and data describing travel conditions . Other nodes 
are then shifted such that the distances between them and the 
origin are reflective of the travel times between them . When 
a shifted node violates the topology of the transportation 
network , which hamper a user ' s ability to utilize a map due 
to disruptions in the physical relations between adjacent 
nodes and map overlaps , the node is instead placed at an 
alternate location that does not result in a violation . A 
graphical projection , or geo - contextual anchor , is then gen 
erated that indicates where the node would be located 
but - for the violation . 
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VISUAL REPRESENTATIONS OF DISTANCE 
CARTOGRAMS 

junction with the accompanying drawings , in which like 
reference numerals indicate identical or functionally similar 
elements . 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 5 DETAILED DESCRIPTION 

This application claims the benefit of U . S . Provisional The present technology is generally directed to methods 
Application No . 62 / 171 , 842 , filed Jun . 5 , 2015 , which is and systems for generating perceptually - intuitive distance 
incorporated herein by reference in its entirety . cartograms . A distance cartogram is a specialized map 

10 projection that visually conveys a mapping variable , such as 
BACKGROUND travel cost , as a substitute for distance . Specifically , a 

distance cartogram of travel times ( hereinafter , a “ distance Maps provide an accessible and efficient visualization cartogram ” ) can alter displayed distances between a user method for representing geospatial reality . Since maps are specified origin and other points on a map , with respect to configured to reflect real - world geography , individuals can 15 
visually determine the Euclidean distance between points on the travel time between them , to allow users to visually 

decode the travel time between points on the map . However , a map . For example , an individual viewing a map repre creating a distance cartogram can be challenging , since senting an urban area , with points of interest connected by unevenly distributed road infrastructure and unpredictable available transportation infrastructure ( such as walkways , 
roadways , bus and subway routes , etc . ) , can visually deter - 20 tral ? 20 traffic conditions can introduce discrepancies between the 
mine the travel distance between two points based on the actual travel time and the travel distance between locations . 
total length of a route along the connections multiplied by a For example , a two mile distance between two sets of paired 
scale factor . However , due to various factors such as traffic locations in a map can require different times to travel 
along the transportation infrastructure , differences in speed between the pairs of each set . When constructing distance 
limits , weather conditions , and mass - transit schedules , the 25 cartograms , these discrepancies can lead to topological 
travel time between different points may vary significantly violations , which can disrupt the actual geographical rela 
even when travel distances are substantially the same . As a tions between the locations and challenge a user ' s under 
result , it can be challenging for individuals to predict travel standing of the distance cartogram . The distance cartograms 
time based on conventional maps . generated by some embodiments of the described technol 

Various techniques for representing travel times on maps 30 ogy attain a higher level of map recognizability by prevent 
have been used to overcome these shortcomings . For ing topological violations . The distance cartograms gener 
example , some real - time mapping systems have shown ated according to the described technology can thus convey 
roadways with various colors to highlight different levels of information about travel time while maintaining geographi 
traffic congestion in an attempt to enhance geospatial infor - cal context , which improves user comprehension of the 
mation with geotemporal information . However , colors cor - 35 travel time information . The distance cartograms can addi 
responding to traffic congestion are limited in the precision tionally provide graphical projections , or geo - contextual 
of information that may be conveyed and require an indi - anchors , to preserve geographical context while still indi 
vidual to mentally combine roadways of different colors and cating the travel - time relationship between points . These 
different lengths to determine travel time . Alternatively , geo - contextual anchors improve the recognizability , read 
some systems have generated geographically warped maps 40 ability , and utility of the distance cartograms , thereby 
in which points on the map are located according to their improving their perceptual quality . 
travel time from other points . In one example , the system can generate a distance 

cartogram showing transportation infrastructure in a region , 
BRIEF DESCRIPTION OF THE DRAWINGS including , for example , walkways , roadways , railways , etc . , 

45 with the map centered at an origin location . The system can 
FIG . 1 is a block diagram illustrating an overview of generate the distance cartogram by arranging locations on 

devices on which some implementations can operate . the map according to a travel cost associated with travel on 
FIG . 2 is a block diagram illustrating an overview of an the transportation infrastructure between those locations and 

environment in which some implementations can operate . the origin location . For example , the travel cost may be 
FIG . 3 is a block diagram illustrating components which , 50 based on the travel time between the points , the infrastruc 

in some implementations , can be used in a system employ - ture utilization ( e . g . , traffic ) between the points , weather 
ing the disclosed technology . conditions along the infrastructure between the points , etc . 

FIG . 4 is an example illustrating assorted map represen Thus a distance cartogram according to the present example 
tations of a geographical region . can provide a user with an easily - understood visualization of 

FIG . 5 is a flow diagram illustrating a process used in 55 a cost of travel , such as the estimated time required to travel , 
some implementations for generating a distance cartogram to different locations within the illustrated region . 
with perceptual anchors . The travel time on which the distance cartogram is based 

FIGS . 6A - 6C illustrate an example distance cartogram , can account for various factors , referred to herein as travel 
with perceptual anchors , as it is generated from a map of a conditions , affecting infrastructure throughput . For example , 
region . 60 in transportation infrastructures , travel conditions can 

FIG . 7 is a flow diagram illustrating a process used in include traffic , weather , route closures , vehicle departure 
some implementations for generating a geospatial graph frequency , current vehicle speeds or speed limits , stop 
from geographic information system data . frequency , and mass - transit schedules . In some embodi 

FIG . 8 is an example illustrating adding and pruning ments , distance cartograms are generated based on thematic 
nodes of a geospatial graph . 65 data that characterizes the current travel conditions , 

The techniques introduced here may be better understood expected travel conditions based on historical models , or a 
by referring to the following Detailed Description in con - combination thereof . 
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In some embodiments , distance cartograms can be gen into two edges . When performing inter - class linking , which 
erated by : obtaining geographic information system ( GIS ) connects heterogeneous classes in the graph , the system can 
data representing the transportation infrastructure of a detect instances in which an L class road overlaps with an H 
region , generating a graph representing the spatial relation class road or an R class road , build a link by inserting a node 
ships of the transportation infrastructure ( e . g . , highways and 5 at the location of the road crossing , and split the crossed road 
arterial roads ) based on the GIS data , receiving travel into edges . Other techniques can be used to build a graph 
conditions for the infrastructure , receiving a selection of a comprised of nodes and edges from the GIS data . After the 
location within the graph , and incrementally warping the graph has been built , the system can prune the graph to 
generated graph to convert the spatial relationships from the reduce graph complexity . By performing pruning , the sys 
selected location to other locations to represent expected 10 tem can produce a graph that represents an infrastructure 
travel times between the selected location and other loca - topology ( including junctions and crossroads ) with sufficient 
tions , based on the received travel conditions , while aug - precision , yet enables simplified calculations of behaviors 
menting the graph with geo - contextual anchors when the along the graph topology ( e . g . , the travel time between 
warping creates a topological violation . locations ) . For example , the system can perform obtuse 

Generating the distance cartogram for a region can start 15 angle pruning , in which a node located between two other 
by obtaining GIS data representing the transportation infra - nodes is removed when the angle of the three nodes is obtuse 
structure of the region . The GIS data can describe , for ( I - X , where Oºsx < 90° ) . As a further example , the system 
example , roadways , walkways , railways , etc . The GIS data can perform acute - angle pruning , in which the system 
can define each element of the transportation infrastructure detects instances in which the graph contains multiple 
using a series of points forming that element . For example , 20 chained nodes located within a threshold distance . If any are 
the GIS data can characterize each road in a region by the detected , the nodes are removed and a new node is inserted 
series of geographic coordinates along which the road runs at the center point of the removed nodes ( and connected to 
The GIS data can also categorize each element of transpor - the nodes that the chained nodes were previously connected 
tation infrastructure . For example , GIS data describing roads to ) . Other techniques for pruning graph data can be used . In 
can assign a type value to each defined road . In some 25 some embodiments , node placement or node pruning can be 
embodiments , the system assigns each road to a particular based on a determination that an area may have a greater 
class based on the road ' s type . For example , roads can be variation in travel times or infrastructure density . For 
assigned to a highway class ( hereinafter “ H class ” ) , which example , for a graph including a representation of a roadway 
includes motorway and trunk roads , a road class ( hereinafter infrastructure , areas such as urban areas , areas that get high 
“ R class ” ) , which includes arterial roads such as primary , 30 rush - hour use , areas commonly subject to inclement 
secondary , and tertiary roads , and a link class ( hereinafter “ L weather , or areas with historically high congestion , can be 
class " ) , which link the roads in the H and R classes . assigned more nodes than other areas with historically 

The system can generate a geospatial graph based on the consistent travel times . For example , pruning thresholds can 
obtained GIS data . As used herein , a “ graph ” is a spatial be set for such areas so that fewer nodes are pruned . 
representation of an area . The geospatial graph can be a 35 In some embodiments , the system generates different 
conventional geographically - representative map , in which geospatial graphs corresponding to different zoom levels . 
points on the map are placed according to their relative The different graphs can include greater or fewer transpor 
locations . As an example , the graph can be a representation tation infrastructure elements depending on the level of 
of a geography containing various transportation infrastruc - zoom . For example , a geospatial graph of a roadway net 
tures ( roadways , walkways , railways , etc . ) upon which 40 work viewed at a first level of zoom may only include 
people and vehicles travel . The graph can consist of nodes highways , while the geospatial graph viewed at a second 
and edges . A node can represent any point within the graph . level of zoom may include local roads . To generate the 
For example , nodes can represent points corresponding to different graphs , the system can evaluate only certain roads 
transportation infrastructure interchanges , points of interest , described in the GIS data depending on the road type or class 
or other locations defined by the GIS data . Nodes in the 45 associated with that road . For example , the generation of a 
graph can be connected to any number of edges , each of zoomed out graph can select only roads classified as H class , 
which represents a section of the transportation infrastruc - an intermediate zoomed graph can select roads classified as 
ture . For example , an edge connecting two nodes can H and L class , and a zoomed in graph can select roads 
represent a section of road connecting two locations on a classified as H , L , and R class . The system can then generate 
map . Depending on the particular transportation infrastruc - 50 the corresponding graphs ( i . e . , creating nodes and edges , as 
ture represented by the edge , edges can be uni - directional or described above ) by evaluating the selected roads . 
bi - directional , can be shown or hidden , can be straight or As described herein , the system can generate a distance 
curved , and can be defined by additional properties such as cartogram by warping a geospatial graph to reflect a travel 
average speed , speed limit , or a percentage slow - down . cost , such as travel time , monetary cost , ecological impact , 

In some embodiments , the obtained GIS data describes 55 amount of traffic encountered , etc . The system can generate 
the characterized transportation infrastructure as a series of and maintain different geospatial graphs for different 
geographical points but does not define any connections regions . For example , the system can maintain the different 
between the infrastructure elements . For example , GIS data geospatial graphs in a data store indexed by region , zoom 
characterizing a roadway network may define the layout of level , or others . When the system generates a distance 
roads in the network , but may not describe how the roads 60 cartogram , triggered for example by a user , the system can 
connect . Therefore the system can use techniques , including retrieve the appropriate geospatial graph based on a selected 
intra - class linking and inter - class linking , to generate a region and zoom level and generate the distance cartogram . 
graph comprised of nodes and edges from the GIS data . For example , the selected region can be based on a location 
When performing intra - class linking , the system can detect entered by the user , on the user ' s current location , or some 
instances in which roads belonging to the same class cross 65 other region as determined by the system . 
each other , build a link by inserting a node in the graph at To generate the distance cartogram , a location on the 
the location of the road crossing , and split the crossed road retrieved geospatial graph can be selected . The selected 
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location can be a user identified point on the graph , a result points can differ greatly . For example , the travel distance ( as 
from a search , a default point such as the center of the compared to the straight - line or Euclidean distance ) to the 
current map view area , a system selected point such as an two points will be generally different , as roads are often 
identified accident site , or another point selected by the irregular and unevenly distributed across a region . In addi 
system or system user . For example , a user can enter his or 5 tion , differences in travel conditions , such as different levels 
her current address as the selected location . As another of vehicular traffic along routes to the two points , will lead 
example , a GPS or other location service of the user ' s to varied travel times . As geographically proximate nodes 
computing device can provide a particular current location are warped ( or shifted according to a warp vector ) , their 
of the user as the selected location . placement in the graph due to travel time can significantly 

The system can also receive thematic data , or infrastruc - 10 alter the overall layout of the graph , causing disruptions in 
ture usage data , that indicates travel conditions on the the relations between the nodes . Users can find these dis 
transportation infrastructure . For example , infrastructure ruptions jarring or can find a graph difficult to read when the 
usage data can indicate , for a roadway infrastructure , current relationship between points on the graph become too dis 
vehicular traffic data and accident data . In some embodi similar from the physical space the graph represents . These 
ments the infrastructure usage data can be gathered from a 15 disruptions , or topological violations , correspond to 
remote server that monitors current travel conditions , or can instances in which nodes cannot be projected in time space 
be retrieved from data in a database that is updated periodi ( i . e . , based on travel time ) on a two dimensional plane 
cally . In some embodiments the usage data can also be an without the nodes overlapping . The overlaps , which for 
estimation based on historical data . The infrastructure usage example could be rendered as overlapping landmasses , 
data can take into account other conditions , such as an 20 impair the ability of a user to recognize the time space 
indicated time of day , a season of the year , a schedule of visualization . In lieu of warping nodes to locations that 
planned events potentially influencing infrastructure utiliza create topological violations , the system can use geo - con 
tion ( for example , a parade , concert , or sporting event ) , and textual anchors to convey the time space relationship of 
public transportation or mass - transit schedules . In some those nodes . By avoiding topological violations and pre 
embodiments the travel conditions can be for the present 25 serving geographic context , the geo - contextual anchors 
time , while in other embodiments the travel conditions can improve the perceptual quality of the warped graph . 
be a prediction for a future time using estimations of To generate a distance cartogram with geo - contextual 
historical data or extrapolations from current travel condi - anchors , the system can evaluate whether placing a node at 
tions . the node ' s target position ( as determined by the node ' s warp 

Based on the infrastructure usage data , the system can 30 vector or travel time ) would result in a topological violation . 
calculate travel costs corresponding to travel along the For example , the system can iteratively move the node in 
transportation infrastructure ( i . e . , edges of the graph ) , discrete steps from its current position ( starting at its geo 
between the selected location and one or more nodes of the graphical location in the geospatial graph ) to the calculated 
geospatial graph . For example , the travel costs can be based target position along the node ’ s warp vector , and at each step 
on travel time along the transportation infrastructure . Using 35 evaluate whether the updated position would result in a 
the calculated travel times , the system can determine a warp topological violation . The system can detect a topological 
vector for each node that defines the difference between the violation , for example , based on detected changes in edge 
geographical location of the node ( i . e . , the node ' s location in intersections among neighboring edges in the graph . If no 
the geospatial graph ) and the node ' s target position in a violation is detected , the process repeats by evaluating the 
distance cartogram ( i . e . , such that the placement of the node , 40 node at its next incremental position along the warp vector 
relative to the selected location , indicates the travel time until the node is moved to its target position . If a violation 
between the selected location and the node ) . For example , if is detected , the node ' s final position in the distance carto 
the travel time to a first node is calculated to be 5 minutes g ram is set to a position that would not result in a violation 
and travel time to a second node is calculated to be 10 ( such as , for example , a node position that was evaluated in 
minutes , the magnitude of the resulting warp vectors would 45 a previous iteration of moving the node ) . As described 
indicate that the first and second nodes should be moved herein , the system can then generate a distance cartogram 
such that the distance between the starting location and the map by " warping " a geospatial map according to the final 
second node is twice the distance between the starting position of each node . By doing so , the topological violation 
location and the first node . Furthermore , the direction of the is avoided and prevents , for example , the presence of 
warp vector for a node can be along the line connecting the 50 overlapping landmasses in the distance cartogram , thereby 
selected location of the geospatial graph and the geographic improving readability . When the position of the node is set 
location of the node . Information about calculated travel as described to prevent a topological violation , the system 
times to nodes , warp vectors , and other aspects of the can also generate a geo - contextual anchor for that node in 
described technology , may be found in U . S . Pat . No . 9 , 341 , the distance cartogram . A geo - contextual anchor is a visual 
486 entitled “ METHODS AND SYSTEMS FOR PROVID - 55 projection that marks the disparity between the node ' s final 
ING GEOTEMPORAL GRAPHS , ” which is herein incor - position ( as set by the system ) and the node ' s target position . 
porated by reference in its entirety . The system can use the For example , the system can display the geo - contextual 
warp vectors to generate a distance cartogram by “ warping ” anchor as an arrow that points from the node ' s final position 
a geospatial graph . However , as described herein , the system to the target position . 
can alter the distance cartogram using geo - contextual 60 After the system updates the positions of one or more 
anchors when warping of the geospatial graph would create nodes according to each node ' s warp vector and evaluation 
a topological violation . of topographical violations , the system can update the visual 

A topological violation can occur when the travel time - representation of the graph according to each node ' s updated 
based warping of nodes causes a disruption in the geographi - position . This “ warped ” map represents points on the map as 
cal relationship and physical space placement of those 65 a function of their travel time to or from the selected starting 
nodes . Even if two points are located in close geographic location . Geo - contextual anchors can then be rendered , for 
proximity , travel times from a selected location to the two example , as visual overlays superimposed on the deformed 
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landmasses . The resulting distance cartogram can provide Some implementations can be operational with numerous 
users with a readily understandable time - based visualization other general purpose or special purpose computing system 
of a complicated network ( e . g . , an urban traffic system ) . environments or configurations . Examples of well - known 

Several implementations are discussed below in more computing systems , environments , and / or configurations 
detail in reference to the figures . Turning now to the figures , 5 that may be suitable for use with the technology include , but 
FIG . 1 is a block diagram illustrating an overview of devices are not limited to , personal computers , server computers , 
on which some implementations of the disclosed technology handheld or laptop devices , cellular telephones , wearable 
can operate . The devices can comprise hardware compo electronics , gaming consoles , tablet devices , multiprocessor 
nents of a device 100 that generates distance cartograms systems , microprocessor - based systems , set - top boxes , pro 
with geo - contextual anchors . Device 100 can include one or 10 grammable consumer electronics , network PCs , minicom 

puters , mainframe computers , distributed computing envi more input devices 120 that provide input to the CPU ronments that include any of the above systems or devices , ( processor ) 110 , notifying it of actions . The actions can be or the like . mediated by a hardware controller that interprets the signals FIG . 2 is a block diagram illustrating an overview of an 
received from the input device and communicates the infor the infor - 15 environment 200 in which some implementations of the 
mation to the CPU 110 using a communication protocol . disclosed technology can operate . Environment 200 can 
Input devices 120 include , for example , a mouse , a key - include one or more client computing devices 205A - D , 
board , a touchscreen , an infrared sensor , a touchpad , a examples of which can include device 100 . Client comput 
wearable input device , a camera - or image - based input ing devices 205 can operate in a networked environment 
device , a microphone , or other user input devices . 20 using logical connections through network 230 to one or 

CPU 110 can be a single processing unit or multiple more remote computers , such as a server computing device 
processing units in a device or distributed across multiple 210 . 
devices . CPU 110 can be coupled to other hardware devices , In some implementations , server 210 can be an edge 
for example , with the use of a bus , such as a PCI bus or SCSI server which receives client requests and coordinates ful 
bus . The CPU 110 can communicate with a hardware 25 fillment of those requests through other servers , such as 
controller for devices , such as for a display 130 . Display 130 servers 220A - C . Server computing devices 210 and 220 can 
can be used to display text and graphics . In some examples , comprise computing systems , such as device 100 . Though 
display 130 provides graphical and textual visual feedback each server computing device 210 and 220 is displayed 
to a user . In some implementations , display 130 includes the logically as a single server , server computing devices can 
input device as part of the display , such as when the input 30 each be a distributed computing environment encompassing 
device is a touchscreen or is equipped with an eye direction multiple computing devices located at the same or at geo 
monitoring system . In some implementations , the display is graphically disparate physical locations . In some implemen 
separate from the input device . Examples of display devices tations , each server 220 corresponds to a group of servers . 
are : an LCD display screen , an LED display screen , a Client computing devices 205 and server computing 
projected , holographic , or augmented reality display ( such 35 devices 210 and 220 can each act as a server or client to 
as a heads - up display device or a head - mounted device ) , and other server / client devices . Server 210 can connect to a 
so on . Other I / O devices 140 can also be coupled to the database 215 . Servers 220A - C can each connect to a corre 
processor , such as a network card , video card , audio card , sponding database 225A - C . As discussed above , each server 
USB , FireWire or other external device , camera , printer , 220 can correspond to a group of servers , and each of these 
speakers , CD - ROM drive , DVD drive , disk drive , or Blu - 40 servers can share a database or can have their own database . 
Ray device . Databases 215 and 225 can warehouse ( e . g . store ) informa 

In some implementations , the device 100 also includes a tion such as GIS data , geospatial graphs , and thematic data 
communication device capable of communicating wirelessly characterizing travel conditions . Though databases 215 and 
or wire - based with a network node . The communication 225 are displayed logically as single units , databases 215 
device can communicate with another device or a server 45 and 225 can each be a distributed computing environment 
through a network using , for example , TCP / IP protocols . encompassing multiple computing devices , can be located 
Device 100 can utilize the communication device to distrib - within their corresponding server , or can be located at the 
ute operations across multiple network devices . same or at geographically disparate physical locations . 

The CPU 110 can have access to a memory 150 . A Network 230 can be a local area network ( LAN ) or a wide 
memory includes one or more of various hardware devices 50 area network ( WAN ) , but can also be other wired or wireless 
for volatile and non - volatile storage , and can include both networks . Network 230 may be the Internet or some other 
read - only and writable memory . For example , a memory can public or private network . Client computing devices 205 can 
comprise random access memory ( RAM ) , CPU registers , be connected to network 230 through a network interface , 
read - only memory ( ROM ) , and writable non - volatile such as by wired or wireless communication . While the 
memory , such as flash memory , hard drives , floppy disks , 55 connections between server 210 and servers 220 are shown 
CDs , DVDs , magnetic storage devices , tape drives , device as separate connections , these connections can be any kind 
buffers , and so forth . A memory is not a propagating signal of local , wide area , wired , or wireless network , including 
divorced from underlying hardware ; a memory is thus network 230 or a separate public or private network . 
non - transitory . Memory 150 can include program memory FIG . 3 is a block diagram illustrating components 300 
160 that stores programs and software , such as an operating 60 which , in some implementations , can be used in a system 
system 162 , distance cartogram generator 164 , and other employing the disclosed technology . The components 300 
application programs 166 . Memory 150 can also include include hardware 302 , general software 320 , and specialized 
data memory 170 that can include GIS data describing components 340 . As discussed above , a system implement 
transportation infrastructure for geographical regions , geo - ing the disclosed technology can use various hardware 
spatial graphs , travel conditions , configuration data , settings , 65 including processing units 304 ( e . g . CPUs , GPUs , APUS , 
user options or preferences , etc . , which can be provided to etc . ) , working memory 306 , storage memory 308 , and input 
the program memory 160 or any element of the device 100 . and output devices 310 . Components 300 can be imple 
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mented in a client computing device such as client comput selected location and continuing to the initial location of the 
ing devices 205 or on a server computing device , such as graph node . The warp vectors characterize , in part , how to 
server computing device 210 or 220 . warp a geospatial graph to generate a distance cartogram . 
General software 320 can include various applications The node adjuster 346 can additionally iteratively adjust 

including an operating system 322 , local programs 324 , and 5 each node from its origin position in the geospatial graph to 
a basic input output system ( BIOS ) 326 . Specialized com - its target position ( based on the warp vector for that node ) . 
ponents 340 can be subcomponents of a general software At each iteration of adjusting a node , the violation detector 
application 320 , such as local programs 324 . Specialized 348 evaluates the adjusted position of the node to determine 
components 340 can include graph generator 344 , node whether that position would result in a topological violation . 
adjuster 346 , violation detector 348 , anchor generator 350 , 10 Topological violations in planar graphs embedded in a 
and components which can be used for transferring data and Euclidean plane are characterized by a change in the edge 
controlling the specialized components , such as interface intersections of the graph . To determine whether a position 
342 . In some implementations , components 300 can be in a adjustment of a node would result in a topological violation , 
computing system that is distributed across multiple com - the violation detector 348 finds all edges that are connected 
puting devices or can be an interface to a server - based 15 to that node . The violation detector 348 then calculates the 
application executing one or more of specialized compo intersections between the connected edges and the adjacent 
nents 340 . edges in the graph . For example , the violation detector 348 

User input and data can be received by the interface 342 . evaluates whether there has been a change in edge crossings 
For example , data from external systems such as current or between the connected edges and adjacent edges . To deter 
past travel conditions , data for various graphs such as of 20 mine an edge crossing , the system can calculate the deter 
road or other transportation infrastructure ( e . g . , GIS data ) , minant between two edges . If the determinant between two 
and indications of user input indicating interactions with a edges has changed from one iteration to the next , that change 
user interface ( UI ) such as graph point indications , zoom indicates a change in an edge crossing , and thus a topologi 
levels , focus areas , search terms , or time selections can be cal violation . When a topological violation is detected by the 
received by the interface 342 . 25 violation detector 348 , the indication of a violation can be 

Graph generator 344 can access , such as through interface used by the node adjuster 346 to control how or whether to 
342 , transportation infrastructure data , including GIS data continue iteratively adjusting the node . 
and other data describing transportation infrastructures of a The anchor generator 350 can generate geo - contextual 
region , and generate geospatial graphs for the region . In anchors for each node in the graph for which a topological 
various implementations , the data describing transportation 30 violation was detected . Geo - contextual anchors are visual 
infrastructures can include roadways , walkways , railways , indicators demonstrating the disparity between a node ' s 
and public transportation routes . In some implementations , target position , as calculated by the node adjuster 346 , and 
the graph generator 344 can generate a graph by creating the node ' s final adjusted position after accounting for topo 
nodes representing intersections or interchanges correspond - logical violations . For example , the system can generate a 
ing to the geographic locations at which infrastructure 35 geo - contextual anchor that is displayed as an arrow con 
elements overlap . For example , the system can generate a necting the node ' s adjusted position and target position . In 
node whenever a local road overlaps with another local road , other words , each geo - contextual anchor is a visual connec 
whenever a highway overlaps with another highway , or tion between a node ' s originally calculated target position 
whenever a local road or highway overlaps with a connect ( i . e . , its true value ) and where it is actually displayed on the 
ing road used to link local roads and highways . The gener - 40 distance cartogram . Geo - contextual anchors can be dis 
ated nodes can be connected by edges , representing the played as other shapes such as a line , a line ending in a 
transportation infrastructure created from splitting the over - circle , a dashed line , etc . The geo - contextual anchors thus 
lapped infrastructure elements into corresponding edges . enable the precise conveying of the travel time to a node , 
The graph generator 344 can reduce the complexity of the without obscuring a user ' s ability to interpret the distance 
generated geospatial graph by removing nodes from the 45 cartogram , such as due to warping a node ' s position to an 
graph . For example , the system can prune nodes when a extent that topological violations occur . 
series of three nodes form an obtuse angle exceeding a Those skilled in the art will appreciate that the compo 
threshold degree or when a series of nodes are placed too nents illustrated in FIGS . 1 - 3 described above , and in each 
close together . The geospatial graphs generated by the graph of the flow diagrams discussed below , may be altered in a 
generator 344 can correspond to different zoom levels that 50 variety of ways . For example , the order of the logic may be 
include different elements of the transportation infrastruc - rearranged , substeps may be performed in parallel , illus 
ture . The system can maintain , such as in a memory or trated logic may be omitted , other logic may be included , 
database , the geospatial graphs generated by the graph etc . In some implementations , one or more of the compo 
generator 344 for use by the system in generating distance nents described above can execute one or more of the 
cartograms for display to a user . 55 processes described below . 

The node adjuster 346 can receive an indication of a FIG . 4 is an example illustrating assorted map represen 
location selection within a geospatial graph generated by the tations of a geographical region . Graph 400 , for example , 
graph generator 344 , and can calculate , for each of the nodes shows a map of Seattle , Wash . , centered at a location north 
added by graph generator 344 , a travel time along the edges of the University of Washington , using standard cartogra 
of the graph from the selected location to one or more of the 60 phy . The graph 400 can be based , for example , on geospatial 
other nodes of the graph . The node adjuster 346 can then data in which the distances between points on the graph are 
determine a warp vector for each node indicating how far , determined by the geographical distances between those 
and at what angle , the node would have to be moved so that points . Graph 405 shows a map ( of the same region mapped 
the distance between the node and the selected location is a in graph 400 ) warped according to travel time to or from the 
consistent representation , across all nodes , of the calculated 65 centered location . For example , travel time can be based on 
travel time between the node and the selected location . Warp travel by roadway ( not shown ) from the centered location . 
vectors can have the same angle of a line starting at the Due to warping , however , the graph 405 contains topologi 
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cal violations expressed as overlapping landmasses . For example , process 500 can determine which path between the 
example graph location 410 , which represents Kirkland , two points is quickest and calculate the travel time for that 
Wash . , is obstructed by an overlapping landmass . As a result path . The target position for the node is then set according 
of the obstruction , a user may have difficulty understanding to the calculated travel time . The node ' s target position can 
the travel time to Kirkland from the centered location . The 5 be expressed as an absolute map coordinate , as a relative 
user may also have difficulty understanding the correspon map coordinate ( for example , relative to the starting loca 
dence between points as represented in the graph 405 and tion ) , as a vector defining a change in node location relative their actual geographical location , thereby rendering the to the node ' s location in the geospatial graph , etc . For representation unfamiliar and additionally difficult to under example , process 500 can determine a warp vector for the stand . Graph 415 shows a distance cartogram , of the same 10 node indicating how far , and along which angle , the node region and according to the same travel conditions of the would have to be moved so that the distance between the graph 405 , as generated by an embodiment of the described node and the starting location yields a consistent represen system . However , while the points on the graph 415 have 

tation , across all nodes , of the calculated travel time between been adjusted to convey travel time ( as was done in graph 
405 ) , the adjustments of graph 415 have been limited so as 15 the starting location and other nodes . 
to not cause topological violations . For example , graph As described below , at blocks 512 - 520 , process 500 can 
location 420 represents an adjusted location of Kirkland , determine a new position for the selected node , starting from 
Wash . that avoids creating a topological violation by limit - the selected node ' s initial position in the geospatial graph . 
ing the extent to which the map is warped . Though not The new position for the selected node can be based on the 
placed at the actual location based on travel time , the 20 travel time between the selected node and starting location 
location 420 still contributes to a warped map that conveys while avoiding topological violations . At block 512 , process 
the travel time to places while retaining a geographical 500 can incrementally adjust the position of the selected 
correspondence , which improves map familiarity and usabil - node from its current location towards the node ' s target 
ity . In other words , though the graph 415 is warped as location . Prior to any adjustments , the selected node ' s initial 
compared to the standard graph illustrated by graph 400 , the 25 location may , for example , be its geographic placement in 
geographical features of graph 415 are nonetheless recog - the geospatial graph . The incremental adjustment of the 
nizable . The graph 415 also includes geo - contextual anchor selected node can be along the direction of a warp vector for 
425 , associated with location 420 , indicating the actual the node and by a specified amount . For example , process 
travel time to Kirkland , Wash . Though the anchor 425 500 can be configured with a step amount that balances a 
represents the actual travel time to Kirkland , the distance 30 fine - grain adjustment of the selected node along the selected 
cartogram represented by graph 415 does not warp accord - node ’ s warp vector without requiring an unduly expensive 
ing to the placement of anchor 425 . In other words , the number of evaluations . 
geo - contextual anchor may be thought of as an overlay that At a decision block 514 , process 500 can determine 
augments the distance cartogram with additional informa whether the adjusted position of the selected node results in 
tion regarding travel time to locations . 35 a topological violation . A topological violation occurs when 

FIG . 5 is a flow diagram illustrating a process 500 used in the adjusted position of the selected node alters the planarity 
some implementations of a system for generating a distance of the graph ( i . e . , creates a situation in which the geography 
cartogram with perceptual anchors . At block 502 , process of the graph cannot be expressed without causing , for 
500 can retrieve a geospatial graph . The geospatial graph example , overlapping landmasses ) . Process 500 can deter 
may describe the transportation infrastructure of a region , in 40 mine that a topological violation occurred if the change in 
which points of the graph are placed according to their the selected node ' s position ( caused by the adjustment ) 
geographical relationships . The retrieved geospatial graph results in a change in the number of edge intersections in the 
can be for a particular region , and at a particular level of graph . For example , process 500 can identify all edges that 
zoom , according to the instruction of , for example , a user . are connected to the selected node . After the adjustment of 
Process 500 can retrieve the geospatial graph from a data - 45 the selected node ' s location , process 500 can calculate the 
base or other data store where geospatial graphs for the number of intersections between the identified connected 
region and other regions , at various levels of zoom , can be edges and the adjacent edges in the graph . Process 500 can 
maintained . determine whether there was a change in edge intersections 
At block 504 , process 500 can receive the selection of a in the graph ( which indicates a topological violation ) by , for 

starting location within the geospatial graph . The selected 50 example , taking the determinant between two edges and 
starting location can be a user identified point on the graph , evaluating whether the determinant changed from a previous 
the result from a search , a default point such as the center of iteration ( before the present adjustment ) . 
a current view area , a system selected point ( such as an If at decision block 514 process 500 determines that there 
identified accident site ) , or another point selected by a is no topological violation , process 500 continues to deci 
system or system user . 55 sion block 520 . At decision block 520 , process 500 can 
At block 506 , process 500 can receive travel conditions . determine whether the adjusted position of the selected node 

As described above , travel conditions may comprise , for is equal to or within a threshold distance of the selected 
example , data indicating travel throughput through the trans - node ' s target position ( as determined by block 510 ) . If 
portation infrastructure ( i . e . , traffic conditions ) as well as process 500 determines that the adjusted position and target 
other factors influencing travel time . 60 position of the selected node are equivalent ( or within a 
At block 508 , process 500 can select a node ( other than threshold distance ) , then the selected node has successfully 

the selected starting location ) from the geospatial graph . At been moved to its target position and no further adjustment 
block 510 , process 500 can calculate a target position for the of the selected node is necessary . Accordingly , process 500 
selected node based on the travel time , between the selected continues to decision block 522 to determine whether there 
node and the selected starting location , along the transpor - 65 are additional nodes in the geospatial graph that require 
tation infrastructure . The travel time can also be based on the warping . If , however , process 500 determines at decision 
travel conditions of the transportation infrastructure . For block 520 that the selected node ' s adjusted position does not 
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match its target position , process 500 returns to block 512 corresponding to different levels of zoom , such as zoomed 
for further adjustment of the selected node . in to street level , or zoomed - out to regional level . 

Returning to decision block 514 , if process 500 deter At block 706 , process 700 can identify transportation 
mines that the adjustment caused a topological violation , infrastructure elements , from the GIS data , for inclusion in 
processing continues to block 516 . At block 516 process 5005 the geospatial graph . In some implementations , the infra 
can adjust the position of the selected node to avoid the structure elements can be identified based on the selected 
topological violation . For example , process 500 can decre zoom level . For example , process 700 can omit local streets 

ment the position of the selected node along the selected when generating a zoomed out geospatial graph . 
At blocks 708 and 710 process 700 can build the initial node ' s warp vector by the same amount as the most recent 

adjustment , thereby restoring the selected node to its prior 10 geospatial graph by generating nodes and edges based on 
position ( where it is known there was no topological viola infrastructure elements identified at block 706 . At block 708 , 

process 700 can perform intra - class linking . As illustrated by tion ) . As a further example , process 500 can repeatedly example 800 of FIG . 8 , intra - class linking identifies overlaps decrement the position of the selected node along the node ' s of infrastructure elements of the same class ( e . g . , two roads warp vector by an amount smaller than the most recent 15 overlapping ) . At the point of overlap , a node is inserted and adjustment until process 500 determines that the topological edges are created where the element is split . Returning to 
violation has been removed . A final adjusted position for the FIG . 7 , at block 710 , process 700 can perform inter - class 
node is then set based on the adjustments at the conclusion linking . As illustrated by example 805 of FIG . 8 , inter - class 
of block 516 . Process 500 then continues to block 518 where linking identifies overlaps with connective infrastructure . 
it can generate a geo - contextual anchor representing the 20 For example , where a link overlaps with a highway or a 
disparity between the selected node ' s target position and the road , process 700 can insert a node at the point of overlap 
selected node ' s final adjusted position in the distance car and create edges for the split infrastructure . In some imple 
togram . For example , the geo - contextual anchor can be a mentations , process 700 does not insert a node at non 
visual arrow rendered with the graph that shows the place connective overlaps . For example , no node may be inserted 
ment of the selected node ' s target position relative to the 25 where a road overlaps a highway . 
selected node ' s adjusted position . Process 500 then contin - Returning to FIG . 7 , at blocks 712 and 714 , process 700 
ues to decision block 522 . can prune the generated graph to reduce graph complexity . 

At decision block 522 , process 500 can determine At block 712 process 700 can perform obtuse - angle pruning . 
whether there are additional nodes in the geospatial graph As illustrated by example 810 of FIG . 8 , obtuse - angle 
that should be warped according to travel time . If there are , 30 pruning identifies instances in which three nodes form an 
process 500 returns to block 508 where process 500 sets the obtuse angle exceeding a system - specified threshold . The 
next node in the graph as the selected node to be operated on middle node is then removed , and the remaining nodes are 
by the loop between blocks 508 - 522 . If there are not connected with a replacement edge . Returning to FIG . 7 , at 
additional nodes in the geospatial graph that should be block 714 process 700 can perform acute - angle pruning . As 
warped according to travel time , process 500 ends . 35 illustrated by example 815 of FIG . 8 , acute - angle pruning 

FIGS . 6A - 6C illustrate an example distance cartogram , identifies instances in which the graph contains nodes 
with perceptual anchors , as it is generated from a map of a located within a threshold distance of each other . If any are 
region . FIG . 6A shows a conventional map in which points detected , the nodes are removed and a new node is inserted 
on the map are placed according to their geographic dis - at the center point of the removed nodes ( and connected to 
tances from one another . The map includes a starting loca - 40 the nodes that the chained nodes were previously connected 
tion ( indicated by the icon of a car ) and various points of to ) . 
interest indicated by circles and location names ) in the Returning to FIG . 7 , at block 716 , the generated geospa 
region . The map also includes transportation infrastructure , tial graph can be stored , such as in a database or other data 
such as roads . FIG . 6B shows an intermediate representation store . The stored graph can be retrieved at a later time to , for 
of the region as points on the map begin to shift according 45 example , display a conventional map to a user , as a basis for 
to their travel time from the starting location . FIG . 6C shows a distance cartogram of the corresponding geography , or for 
a final distance cartogram . Notably , as the map first warps in other purposes . Process 700 then continues to decision block 
FIG . 6B , and then becomes more pronounced in FIG . 6C , the 718 . 
underlying geography reflected in FIG . 6A is still recogniz - At decision block 718 , process 700 can determine 
able to a user . 50 whether there are additional zoom levels for which process 

FIG . 7 is a flow diagram illustrating a process 700 used in 700 will generate a geospatial graph . For example , process 
some implementations of a system for generating a geospa - 700 can be configured to generate graphs at three zoom 
tial graph from geographic information system data . At levels ( high , medium , and low ) for a region . If it is deter 
block 702 , process 700 can receive geographic information mined that there are additional zoom levels for which graphs 
system ( GIS ) data describing the transportation infrastruc - 55 should be generated , process 700 returns to block 704 and 
ture for a region . For example , the GIS data may describe selects the next zoom level . Otherwise process 700 ends . 
roadways , walkways , railways , and other elements of trans - Several implementations of the disclosed technology are 
portation infrastructure . In addition to being characterized described above in reference to the figures . The computing 
as , for example , roadways , walkways , and railways , the devices on which the described technology may be imple 
system can further classify elements , such as into different 60 mented can include one or more central processing units , 
classes of roadways ( e . g . , streets , highways , linking roads , memory , input devices ( e . g . , keyboard and pointing 
etc . ) . The GIS data may characterize the geographical routes devices ) , output devices ( e . g . , display devices ) , storage 
of the different transportation infrastructure elements , but devices ( e . g . , disk drives ) , and network devices ( e . g . , net 
may not describe how they connect ( e . g . , may not describe work interfaces ) . The memory and storage devices are 
street - level intersections , highway interchanges , etc . ) . 65 computer - readable storage media that can store instructions 

At block 704 , process 700 can select a zoom level . As that implement at least portions of the described technology . 
described above , process 700 can generate geospatial graphs In addition , the data structures and message structures can be 
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stored or transmitted via a data transmission medium , such determining a target position of the selected node based on 
as a signal on a communications link . Various communica a travel time between the geographic location corresponding 
tions links can be used , such as the Internet , a local area to the selected node and the location within the graph ; 
network , a wide area network , or a point - to - point dial - up iteratively , until a topological violation is detected , adjusting 
connection . Thus , computer - readable media can comprise 5 a current position of the selected node , from the initial 
computer - readable storage media ( e . g . , " non - transitory ” position of the selected node towards the target position of 
media ) and computer - readable transmission media . the selected node ; and in response to the detection of the 

As used herein , being above a threshold means that a topological violation , refining the current position of the 
value for an item under comparison is above a specified selected node by : setting the current position of the selected 
other value , that an item under comparison is among a 10 node to a position of the selected node from an iteration prior 
certain specified number of items with the largest value , or to the detection of the topological violation ; wherein the 
that an item under comparison has a value within a specified topological violation corresponds to a disruption of the 
top percentage value . As used herein , being below a thresh - geographical relation between the current position of the 
old means that a value for an item under comparison is selected node and a position of a second node of the multiple 
below a specified other value , that an item under comparison 15 nodes of the graph , and generating a graphical projection 
is among a certain specified number of items with the indicating a connection between the current position of the 
smallest value , or that an item under comparison has a value selected node and the target position of the selected node ; 
within a specified bottom percentage value . As used herein , and generating a distance cartogram based on the current 
being within a threshold means that a value for an item under position of the selected node and the generated graphical 
comparison is between two specified other values , that an 20 projection . 
item under comparison is among a middle specified number 2 . The method of claim 1 , further comprising receiving 
of items , or that an item under comparison has a value within travel condition data for the area of the graph , and wherein 
a middle specified percentage range . Relative terms , such as the travel time , based on which the target position of the 
high or unimportant , when not otherwise defined , can be selected node is determined , is calculated using the received 
understood as assigning a value and determining how that 25 travel condition data . 
value compares to an established threshold . For example , the 3 . The method of claim 2 , wherein the travel condition 
phrase " selecting a fast connection ” can be understood to data comprises vehicular traffic conditions . 
mean selecting a connection that has a value assigned 4 . The method of claim 1 , wherein the travel time between 
corresponding to its connection speed that is above a thresh - the selected node and the selected location is based on an 
old . 30 expected time to travel between the corresponding intersec 
As used herein , the word “ or ” refers to any possible tions or interchanges along the corresponding transportation 

permutation of a set of items . For example , the phrase " A , infrastructure 
B , or C ” refers to at least one of A , B , C , or any combination 5 . The method of claim 4 , wherein the transportation 
thereof , such as any of : A ; B ; C ; A and B ; A and C ; B and infrastructure comprises one or more of : roadways , walk 
C ; A , B , and C ; or multiples of any item such as A and A ; 35 ways , railways , or any combination thereof . 
B , B , and C ; A , A , B , C , and C ; etc . 6 . The method of claim 1 , wherein the topological viola 

Although the subject matter has been described in lan - tion is detected by : 
guage specific to structural features and / or methodological determining a number of edge - intersections , among a set 
acts , it is to be understood that the subject matter defined in of edges from the graph , based on the position of the 
the appended claims is not necessarily limited to the specific 40 selected node in the current iteration ; 
features or acts described above . Specific embodiments and comparing the determined number of edge - intersections 
implementations have been described herein for purposes of to a previous number of edge - intersections among the 
illustration , but various modifications can be made without set of edges from the graph , wherein the previous 
deviating from the scope of the embodiments and imple number of edge - intersections is based on the position of 
mentations . The specific features and acts described above 45 the selected node from a previous iteration ; and 
are disclosed as example forms of implementing the claims identifying a topological violation based on a change in 
that follow . Accordingly , the embodiments and implemen the current number of edge - intersections and the pre 
tations are not limited except as by the appended claims . vious number of edge - intersections . 
Any patents , patent applications , and other references 7 . The method of claim 6 , wherein the set of edges 

noted above are incorporated herein by reference . Aspects 50 comprises all edges connected to the selected node and all 
can be modified , if necessary , to employ the systems , edges adjacent to the connected edges . 
functions , and concepts of the various references described 8 . The method of claim 6 , wherein an edge - intersection 
above to provide yet further implementations . If statements between two edges is detected based on a determinant of the 
or subject matter in a document incorporated by reference two edges . 
conflicts with statements or subject matter of this applica - 55 9 . A computer - readable storage medium storing instruc 
tion , then this application shall control . tions that , when executed by a computing system , cause the 
We claim : computing system to perform operations for providing a 
1 . A method for generating a distance cartogram , the mapping associated with thematic data , the operations com 

method comprising : retrieving a graph comprising multiple prising : obtaining a graph , wherein the graph comprises 
nodes and connected edges , wherein each node represents an 60 multiple nodes and is a spatial representation of an area , 
intersection or interchange , wherein each edge represents a wherein each node represents an intersection or interchange 
segment of a transportation infrastructure , wherein the graph of a transportation infrastructure , wherein each node has an 
is a spatial representation of an area and wherein each node initial position corresponding to a geographical location ; 
has an initial position based on its geographic location receiving thematic data characterizing a travel - cost associ 
within the area ; receiving a selection of a location within the 65 ated with travel between at least two nodes of the graph ; 
graph ; determining , for a selected node of the multiple determining , based on the thematic data , a target position for 
nodes , a travel - time based position of the selected node by : a selected node of the multiple nodes ; incrementally adjust 
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ing the selected node in the graph , wherein each incremental modified by a node adjuster ; the node adjuster configured to : 
adjustment comprises : determining an incremental position determine , based on the thematic data , a target position for 
for the selected node relative to a current position of the the selected node ; and incrementally adjust the selected node 
selected node , the incremental position being located in the graph , wherein each incremental adjustment com 
towards the target position of the selected node relative to 5 prises : determining an incremental position for the selected 
the current position ; detecting whether the incremental posi node relative to a current position of the selected node , the tion violates a topology of the graph ; and setting the current incremental position being located towards the target posi 
position to a modified target position for the selected node tion of the selected node relative to the current position ; and when a topology violation is detected ; generating a graphical setting , based on an evaluation of the graph by a violation projection indicating a connection between the target posi - 10 
tion and the modified target position of the selected node detector , the current position of the selected node to a 
resulting from the incremental adjusting ; and generating a modified target position when a topology violation is 
distance cartogram based on the modified target position of detected ; wherein the topological violation corresponds to a 
the selected node and the generated graphical projection . disruption of the geographical relation between the current 

10 . The computer - readable storage medium of claim 9 , 15 P 15 position of the selected node and a position of a second node 
of the multiple nodes of the graph , and the violation detector wherein at least one of the incremental adjustments com 

prises providing a geo - contextual anchor between the target configured to : detect whether the incremental position of the 

position and the modified target position of the selected node selected node violates a topology of the graph ; generating a 
when a topology violation is detected , and wherein the graphical projection indicating a connection between the 
mapping is further based on the geo - contextual anchor . 20 large positie target position and the modified target position of the 

11 . The computer - readable storage medium of claim 9 , selected node resulting from the incremental adjusting ; and 
wherein each incremental adjustment further comprises set generating a distance cartogram based on the modified target 
ting the current position of the selected node to the incre position of the selected node and the generated graphical 
mental position when a topology violation is not detected . projection . 

12 . The computer - readable storage medium of claim 11 , 25 . 16 . The system of claim 15 , the system further compris 
wherein the incremental adjustment of the selected node 
repeats until a topology violation is detected or the current an anchor generator configured to : 
position of the selected node matches the target position of generate a geo - contextual anchor between the target 
the selected node . position and the modified target position of the 

13 . The computer - readable storage medium of claim 9 , 30 selected node when a topology violation is detected ; 
wherein the travel - cost associated with travel between nodes and wherein the map generated by the map generator is 
of the graph is based on the time to travel between the nodes . further based on the geo - contextual anchor . 

14 . The computer - readable storage medium of claim 9 , 17 . The system of claim 16 , wherein the geo - contextual 
wherein the travel - cost associated with travel between nodes anchor is displayed as a line , a line ending in a circle , or a 
of the graph is based on locomotion data . 35 das , dashed line between the target position and the modified 

15 . A system including at least one processor and memory target position of the selected node . 
for generating a distance cartogram , the system comprising : 18 . The system of claim 15 , wherein the detection of a 
an interface module configured to : obtain a graph , wherein topology violation is based on a change in the number of 
the graph comprises multiple nodes and is a spatial repre edge - intersections , among a set of edges from the graph , 
sentation of an area , wherein each node represents an 40 caused by the incremental adjustment of the selected node , 
intersection or interchange of a transportation infrastructure , wherein each edge represents a segment of the transportation 

infrastructure . and wherein each node has an initial position corresponding 
to a geographical location ; receive thematic data character 19 . The system of claim 18 , wherein the set of edges 
izing travel - cost associated with travel between at least a comprises all edges connected to the selected node and all 
designated origin node of the graph and a selected node of 45 edges adjacent to the connected edges . 
the graph ; and generate a map based on the graph as * * * 

ing : 


