
NETWORK ANALYSIS

Su Zhang, Ph.D., GISP, CMS-RS



NETWORK

A system of interconnected elements



NETWORK

• A network is a system of interconnected 
elements
 Edges (lines)
 Connecting junctions (points)
 Represent possible routes from one location to 

another

• Many types of network
 Transportation network
 Utility network
 River network
 Computer network
 etc.

• ArcGIS groups network into two categories
 Geometric networks (utility and river networks)
 Network datasets (transportation network)
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GEOMETRIC NETWORKS

• Geometric networks offer a way to model 
common networks and infrastructures found in 
the real world. Water distribution, electrical lines, 
gas pipelines, telephone services, and water flow 
in a stream are all examples of resource flows 
that can be modeled and analyzed using a 
geometric network

• Geometric networks can’t choose direction to 
travel; rather, the path it takes is determined by 
external forces: gravity, electromagnetism, water 
pressure, and so on
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NETWORK DATASETS

• Network datasets are well suited to 
model transportation networks
 In ArcGIS, transportation networks are best 

modeled by network datasets

• Allows to travel on edges (lines) in both 
directions
 Street, pedestrian, railroad, waterway, and 

airway networks

 The agent on the network is generally free 
to decide the direction of traversal as well 
as destination

• Network datasets are created from 
source features
 Simple features such as points and lines

 Turns

 Connectivity of the source features
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NETWORK DATASET

• Network datasets include 

 Multimodal network

More complex connectivity scenarios

Multimodal network datasets can handle 
several transportation modes like roads, 
railroads, airways, and waterways

 3D network

Enables modeling of interior pathways of 
buildings, subways, mines, caves, and so on

3D pathways require z-coordinate values to 
create z-aware features for modeling

Examples

What is the best wheelchair-accessible route 
between rooms in different buildings?

What floors of a high-rise building can't be 
reached by a fire department within eight 
minutes?
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A quickest route connects a stop on the first

floor of a building to one on the third floor.

Using restrictions, you can perform analyses

that avoid staircases for wheelchair-accessible

routes or that avoid elevators for evacuation

planning.
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NETWORK ANALYST 
EXTENSION

A toolset to analyze network datasets



NETWORK ANALYST EXTENSION

• Network Analyst Extension is toolset to 
answer questions such as what is the 
quickest way to get from point A to point B

• A collection of user interface components that 
allows users to access and execute ArcGIS 
Network Analyst Extension

• When conducting network analysis with 
ArcGIS Network Analyst Extension, the 
analysis always occurs on a network dataset

 Available with Network Analyst License

 Need to work with network dataset



NETWORK ANALYST TOOLS

A toolset to analyze network datasets



ROUTE

• Solving a route analysis can identify the 

quickest, shortest, or even the most scenic 

route, depending on the impedance you 

choose to solve for

• If the impedance is time, then the best route is 

the quickest route

• If the impedance is a time attribute with live or 

historical traffic, then the best route is the 

quickest route for a given time of day and date

• The best route can be defined as the route 

that has the lowest impedance, or least cost, 

where the impedance is chosen by users; any 

cost attribute can be used as the impedance 

when determining the best route
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ROUTE



SERVICE AREA

• A network service area is a region that 

encompasses all accessible streets (that is, 

streets that are within a specified impedance)

• For instance, the 5-minute service area for a 

point on a network includes all the streets that 

can be reached within five minutes from that 

point

• Service areas created by Network Analyst also 

help evaluate accessibility

• Identify how much land, how many people, or 

how much of anything else is within the 

neighborhood or region
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SERVICE AREA



SERVICE AREA
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CLOSEST FACILITY

• Measures the cost of traveling between 

incidents and facilities and determines which 

are nearest to one other

• Users can specify how many to find and 

whether the direction of travel is toward or 

away from them

• The closest facility solver displays the best 

routes between incidents and facilities, reports 

their travel costs, and returns driving directions

• Users can specify constraints, like a cutoff 

cost beyond which Network Analyst will not 

search for facilities
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CLOSEST FACILITY

desktop.arcgis.comdesktop.arcgis.com



OD COST MATRIX 

• The OD cost matrix finds and 

measures the least-cost paths along 

the network from multiple origins to 

multiple destinations, or find the 

least cost path between each OD 

pair or the entire network

• Users can specify the number of 

destinations to find and a maximum 

distance to search

• The output shape type could be set 

to produce straight line

• The output shape type could also be 

set to reflect network distance, not 

straight line
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OD COST MATRIX
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VEHICLE ROUTING

• Various organizations service orders with 

a fleet of vehicles

• Each organization needs to determine 

which orders (homes, restaurants, or 

inspection sites) should be serviced by 

each route (truck or inspector) and in 

what sequence the orders should be 

visited

• The primary goal is to best service the 

orders and minimize the overall 

operating cost for the fleet of vehicles

• Can solve more specific problems 

because numerous options are 

available, such as matching vehicle 

capacities with order quantities, giving 

breaks to drivers, and pairing orders so 

they are serviced by the same route
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VEHICLE ROUTING



VEHICLE ROUTING
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LOCATION-ALLOCATION

• Location is often considered the most important factor 

leading to the success of a private- or public-sector 

organization

• Private-sector organizations can profit from a good 

location, whether a small coffee shop with a local clientele 

or a multinational network of factories with distribution 

centers and a worldwide chain of retail outlets

• Location can help keep fixed and overhead costs low and 

accessibility high

• Public-sector facilities, such as schools, hospitals, 

libraries, fire stations, and emergency response services 

(ERS) centers, can provide high-quality service to the 

community at a low cost when a good location is chosen

• Given facilities that provide goods and services and a set 

of demand points that consume them, the goal of 

location-allocation is to locate the facilities in a way that 

supplies the demand points most efficiently
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SCENARIO / ALTERNATIVE ANALYSIS
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EXAMPLES
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