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ArcGIS Runtime: Utilities



The Utility Network

• The utility network is a cross-platform Esri technology for modeling utility and telecom 
networks

• Create client-server database using ArcGIS Pro
• Publish utility network and feature services to ArcGIS Enterprise
• Query and edit data on multiple platforms

- ArcGIS Pro
- Web
- ArcGIS Runtime



Today’s Topics

• Core concepts
- Two foundational classes
- Schema information
- Associations
- Tracing

• Online capabilities
- Utility networks with ArcGIS Enterprise

• Offline capabilities
- Utility networks with mobile geodatabases

• The road ahead
- New capabilities that will available later this year and beyond

• This presentation assumes a basic familiarity with the utility network information model
- Network Management with ArcGIS – Introduction to the Utility Network (2020)

https://www.youtube.com/watch?v=nszlYyf3pRY


Core Concepts
Two Foundational Classes



The Utility Network Class

• Serves as a central hub of the utility network API
• How do you get a UtilityNetwork object?

- Create from a feature service URL and a map
- Obtain it from a map directly
- From a mobile geodatabase (not yet)



The Utility Element Class

• The UtilityElement class represents a row inside a utility network, plus a terminal or 
percent along edge (if applicable)

• Used throughout the API:
- Elements are used to retrieve associations
- Elements specify starting points and barriers for use with tracing
- Elements are returned as results from traces

• Created using CreateElement() 
factory methods on the 
UtilityNetwork class



Core Concepts
Schema Information



Utility Network Schema Information

The utility network schema is described with a 
set of classes

The top-most class is the 
UtilityNetworkDefinition, which is 
obtained using UtilityNetwork.Definition



Utility Network Schema Information

Utility networks are made up of one or more 
domain networks (plus a domain network for 
shared structures)

E.g., electric distribution, water, telecom



Utility Network Schema Information

Asset information is stored in a set of fixed 
network sources

E.g., ElectricDistributionDevice, WaterLine

Network sources = feature tables



Utility Network Schema Information

Network sources are broken into asset groups 
for different kinds of equipment

E.g., transformer, plastic pipe

Implemented in the geodatabase as subtypes



Utility Network Schema Information

Asset groups are further subdivided into 
different asset types

E.g., Single-phase overhead transformer, 
4” plastic pipe



Utility Network Schema Information

Tiers model the hierarchy of how the network 
delivers a resource

Typically represents a pressure or voltage level

Can also represent parts of the network that can be 
isolated from one another



Utility Network Schema Information

Tier groups provide an extra level of organization for 
tiers

For example, a gas network may be divided into two 
tier groups – transmission and distribution

Each of these tier groups would contain a set of tiers 
specific to that group



Utility Network Schema Information

Network attributes are fields that are copied 
into the network topology

Typical network attributes – phase designation, 
valve position, pipe material



Utility Network Schema Information

Complex junctions can be modeled with 
multiple logical connection points (terminals)

Examples — transformers, check valves



Utility Network Schema Information

By themselves these classes are not that 
interesting…

Provide the foundation for functionality that 
uses the data model



Concepts
Associations



Associations

• Associations are connections between features (or parts of features) that are stored in the 
network topology

• Connectivity associations
- Connect two features without requiring coincident geometry
- Service points connected to low-voltage terminal on a transformer

• Structural attachment associations
- Models a physical attachment between a piece of equipment (transformer) and a structure (pole)

• Containment associations
- Allows content (fuses, transformers, arrestors) to be stored inside a container (transformer bank)



Association Queries

• Get associations from a particular element
- What features are inside this container?

• Get associations from an envelope
- What connectivity and structural attachment associations are within our map extent?
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Associations







Enter container view



Identify container feature



Inspect containment associations



Display content features



Visualize associations from an area of interest



Exit container view
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Core Concepts
Tracing



Tracing

• Classes to support network analysis
• Tracing entails assembling a subset of utility network elements that meet a specified 

criteria
• Tracing uses network data to provide business value to utilities

- Answers questions and solves problems about the current state of the network
- Helps design future facilities
- Helps organize business practices



Runtime Currently Provides a Subset of Utility Network Tracing Functionality

• Trace Types
✅ Connected
✅ Subnetwork (based on starting points)
✅ Upstream
✅ Downstream
✅ Isolation
Subnetwork (based on subnetwork name)
Subnetwork controller
✅ Loops
✅ Shortest path

• Trace Configuration
✅ Starting points and barriers
✅ Traversability (network attribute and category comparisons)
✅ Traversability (function barriers)
✅ Functions
✅ Filters
✅ Output Filters
✅ Propagators
✅ Filter Barriers
✅ Aggregated Geometry
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Trace Types

• Connected Trace
• Subnetwork-based Traces

- Subnetwork
- Upstream
- Downstream

• Isolation Trace
• Shortest Path
• Loops

The most basic trace- returns connected 
features



Trace Types

• Connected Trace
• Subnetwork-based Traces

- Subnetwork
- Upstream
- Downstream

• Isolation Trace
• Shortest Path
• Loops

Subnetworks are collections of connected 
utility network features
• Represent circuits in electric
• Represent zones in gas, water, wastewater

Typically defined as follows:
• Start at a source (e.g., circuit breaker) or 

end at a sink (e.g., sewage treatment plant)
• Based on a trace configuration which 

defines the extent of the circuit (e.g., gas 
zones will stop at a closed valve)



Starting Point

Circuit Source

Consider the following electric network

Marked locations show:

• Circuit Source
• Starting Point of a Trace

Subnetwork-based Tracing



Returns the extent of the entire circuit

Typical uses:
• Visualizing the coverage of a circuit
• Plan inspection and damage assessment work

Starting Point

Circuit Source

Subnetwork Trace



Returns paths leading to the source

Typical uses:
• Visualizing the path to a source
• Finding broken devices preventing power flow

Starting Point

Circuit Source

Upstream Trace



Returns paths leading away from source

Typical uses:
• Visualizing the impact of a device failure

Starting Point

Circuit Source

Downstream Trace



Trace Types

• Connected Trace
• Subnetwork-based Traces

- Subnetwork
- Upstream
- Downstream

• Isolation Trace
• Shortest Path
• Loops

Returns devices that must be operated to shut 
off resource flow to a particular starting point

Can also return the set of features that are 
isolated if those devices are operated



Trace Types

• Connected Trace
• Subnetwork-based Traces

- Subnetwork
- Upstream
- Downstream

• Isolation Trace
• Shortest Path
• Loops

Returns the shortest path between the starting 
points

”Shortest” can be defined as geographic 
distance… or as cost



Trace Types

• Connected Trace
• Subnetwork-based Traces

- Subnetwork
- Upstream
- Downstream

• Isolation Trace
• Shortest Path
• Loops

Identifies features that participate in loops



Tracing Configuration

• Starting points, barriers, and filter barriers
• Traversability
• Functions
• Filters
• Output filters
• Propagators

• Too much for one DevSummit talk!
• Check out Pro SDK talk from 2020

https://www.youtube.com/watch?v=7dGrKjxW5bY


Jennifer Nery
Isolation Trace



Isolation trace parameters



Selecting element trace results



Viewing geometry trace results



Viewing function trace results



Input for shortest path trace



Input for loops trace



Input for nearest neighbor



Input for output filter



Jennifer Nery
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Working with Utility Networks
While Online



What Utility Network Capabilities are Available Online?

• Everything you’ve seen so far
- Schema information
- Associations
- Tracing
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• Everything you’ve seen so far
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• And more!
- Web map integration
- Branch versioning



Web Map Integration

• If you publish a web map using ArcGIS Pro 2.7 to ArcGIS Enterprise 10.8.1…
… and include a utility network layer in your map

• The resulting map will have a utility network stored with it!

• Map.UtilityNetworks
- New property at Runtime 100.10 that returns a list of utility networks in a map

• This is now the preferred way to create a UtilityNetwork object
- Can still create a UtilityNetwork as before but this removes the need to hardcode the feature 

service URL in your application



Subtype Group Layers

• Subtype group layers can also be published by ArcGIS Pro and consumed by Runtime
- Using Runtime’s SubtypeFeatureLayer class

• To work correctly with the utility network, maps should be created with one layer for each 
network source

- Typically, with one sublayer for each asset group
- Allows changing symbology, zoom levels, even visible fields for each asset group 



Why the One-layer Restriction?

• Association queries and trace results are returned as network source / GlobalID pairs
• Having one layer for each network source allows Runtime to map them back to features
• You don’t need one layer for each network source…

but you shouldn’t have more than one



Versioning

• Versioning allows multiple editors to alter the same data without applying locks or 
duplicating data

• Feature services supports branch versioning
• Base version is called “Default”
• Other versions are created as children to Default
• Versioning concepts are detailed in other DevSummit presentations

• Branch versioning is not specific to utility networks!



The Service Geodatabase Class

• Introduced at Runtime 100.9
• Can be obtained using UtilityNetwork.ServiceGeodatabase or 
ServiceFeatureTable.ServiceGeodatabase

• GetVersionsAsync returns the available versions on this feature service
• CreateVersionAsync creates a new version
• SwitchVersionAsync switches the version for the tables on the service geodatabase

- All utility network feature tables point to the same version

• Not supported- these are not common mobile workflows
- Delete versions
- Reconcile and post



Tony Wakim

Trace, working against a 
version



Get UtilityNetwork from Map (WebMap)



Define Starting Points and Barriers



Trace



GetAssociations(extent)



Switch Version



Tony Wakim

Trace, working against a 
version



Editing with Service Geodatabases

• Editing is fully supported
- ServiceGeodatabase.ApplyEditsAsync / ServiceGeodatabase.UndoLocalEdits() can be 

used to save/revert all edits to a version using the same database transaction

• Supports multiple session types
- Transient for typical mobile applications (the default)
- Persistent for creating desktop applications (locks the version to provide better consistency)

• The ServiceGeodatabase class isn’t specific to utility networks



Working with Utility Networks
While Offline



Working with Utility Networks While Offline

• Utility network feature classes can be taken offline
- Using sync (OfflineMapSyncTask and GeodatabaseSyncTask)
- Using ArcGIS Pro and mobile map packages (read-only)

• Subtype group layers work with offline maps

• Utility network features can be edited*
- Dirty areas will be created and rules will be run when the data is synced back to the service

• No support for utility network functionality… yet
- Schema information
- Associations
- Tracing



Utility Network
The Road Ahead



Taking Utility Networks Offline

• OfflineMapSyncTask and GeodatabaseSyncTask will be enhanced to take core utility 
network information offline

• Phase One
✅ Schema information
✅ Associations
✅ Map integration
Branch versioning (not applicable)
Tracing

• Editing
- Same capabilities as before

Short-term



Named Trace Configurations (Online)

• A Named trace configuration allows the data-model specific parameters of a trace to be 
treated as a “black box.”  

• Created with ArcGIS Pro and published to the utility network  service
- Typically, by domain experts

• Included with web maps published by Pro

• Allows Runtime developers to write tracing code that is data model-independent
- And even domain-independent

Upstream 
Protective
Device Trace

Short-term



Display Filters

• Used to turn off the display of features based on a filter
• Unlike definition queries, does not restrict the feature from being returned by other queries
• Not utility network specific, but often used to hide features that are within containers

Mid-term



Limited Offline Editing

• Allow association editing
- Supports field data corrections (ex: attaching a transformer to the correct pole)
- Respecting rules that are configured with your network

• Respect association deletion semantics
- E.g., delete a transformer bank, and the features contained within it are deleted as well

Mid-term



Offline Tracing

• Major cross-team development effort for 2021

Mid-term



Additional Editing Capabilities

• Attribute rules
- Support for validation and batch calculation rules (online)
- Support for immediate calculation and constraint rules (offline)

• Contingent validity (both online and offline)
• Validate topology (online first, eventually offline)

Long-term



For Additional Information

• Additional DevSummit sessions
- Network Management with ArcGIS: Deep Dive into the Capabilities of the Utility Network
- Version Management with ArcGIS
- ArcGIS Runtime SDK Building Apps sessions (multiple sessions and multiple platforms)

• Last year’s session
- Provides additional information about annotation and taking data offline

• Sample code from this session
• ArcGIS Runtime developer site

https://youtu.be/-Y85PfBI0l8
http://tinyurl.com/oegy5u74
https://developers.arcgis.com/documentation/mapping-apis-and-location-services/apis-and-sdks/#native-api




Please provide your feedback for this 
session by clicking on the session 

survey link directly below the video.
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