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Data Validation
Automate manual, time-consuming, subjective QA tasks. Certification required for proof of data 
ǉǳŀƭƛǘȅ ό{[!ΩǎΣ ƭŜƎƛǎƭŀǘƛƻƴύ

Data Integration 
Maximize ROI through re-use, integration of data across the enterprise

Data Enhancement 
Automate cleaning tasks, create new data, construct repeatable, non-subjective 
corrective actions. 



ÅPlease silence cell phones
ÅBreak schedule
ÅParking lot

Housekeeping



Please give your:

ÅName
ÅRole
ÅProgramming/IT Experience
ÅPython, Java, etc.

Welcome!



ÅAre there questions about the demonstration?

ÅWhat did you see in the demonstration that you hope to learn?

ÅIn general, what are your expectations from this training?

Needs Assessment



ÅBe familiar with 1Integrate interface

ÅConnect to an external data source

ÅAssess data quality based on defined rules

ÅDevelop thorough understanding of 1Integrate rule builder

Course Objectives



January 27 ς31, 2020
Monday ςFriday

8AM to 4PM
Half hour break when needed

An hour break for lunch

Welcome!



Training Overview

Day 1
ÅKey Concepts and Overview
Å1Integrate Workflow
Å1Integrate Interface
ÅData Import
ÅRules Interface
ÅRule Nodes
ÅSimple Attribute Check

Day 2
ÅRule on Two Classes
ÅRule Refinement
ÅLCΧ¢I9bΦΦ9[{9 Structure
ÅMultiple Existence Conditions



Training Overview

Day 3
ÅFor All Structure
ÅBuilt-in Functions
ÅObject Labels
ÅRule Templates

Day 4
ÅActions and Action Maps
ÅCreate Report Objects
ÅCustomize validation rules
γRule Authoring specific to 
ǘǊŀƛƴŜŜǎΩ ƴŜŜŘǎ
γTest and apply concepts and skills
γDiscuss scope of initial projects



Training Overview

Day 5
ÅWorkshop
ÅCustomize validation rules
γwǳƭŜ !ǳǘƘƻǊƛƴƎ ǎǇŜŎƛŦƛŎ ǘƻ ǘǊŀƛƴŜŜǎΩ ƴŜŜŘǎ
γTest and apply concepts and skills
γDiscuss scope of initial projects



Key Concepts and Overview



Fact-Pattern-Action

A fact is a known data source.

A pattern is:
a business rule that the data source 

currently obeys, or
a business rule that you want the data to 

obey to give the best possible return 
of investment (ROI).

An actionhappens as a result of patterns being 
applied to facts.



Non-Conformances in Data



Stock Data - Philly
Buildings(Water Department), building 
outlines captured as polygons.

Curblines(Streets Department), curbline
outlines captured as polygons.

Street centerlines(Streets Department), 
captured as lines.

Zoning(Planning Department), polygons 
that describe building usage.

Fire stations (Planning Department) fire 
station points.



Your Data



1Integrate Workflow



Workflow Diagram

No

Connect 
to data 
source

Create rules

Test rules against 
data source

Refine rule

Rule 
refinement 
required?Yes

Introductory Training

Export 
required 
results

Create fix-up action 
against rules

Run fix-up action 
on data

Fix-up 
action 

required?

Yes

No

Advanced Training



ÅData Store

ÅRules and Actions

ÅSessions

ÅTasks

ÅData Cache

1Integrate Workflow



Data Stores ςInput/Output Mapping

Input Mapping Output Mapping

CACHE

TargetSource TargetSource

Data Results
Session

γ Open Data Task
γ Check Rules Task
γ Apply Actions Task
γ Apply Action Map Task
γ Copy To Task
γ Pause Task

Configured in Data Store



Login Information

Username: INTFull
Password: integrate1



1Integrate Interface



1Integrate GUI



Navigation Pane



Navigation Pane



Navigation Pane



Navigation Pane



General Tab



1Integrate Workflow: Data Store

A data store is an external source of data.









Check Your Working Environment



Create folders within the following tabs:

Á Data Stores

Á Rules

Á Actions

Á Action Maps

Á Sessions

Create a Working Environment



Create new data store ςPhilly



Target Map ςIndexing (Idx) - Philly
CURBLINE

ELEV_1

FCODE

ID

FIRE_STATION

DEPT

FIRESTA_

ID

STREETCENT

ID

L_F_ADD

L_T_ADD

PRE_DIR

R_F_ADD

R_T_ADD

STNAME

ST_NAME

ST_TYPE

SUF_DIR

ZONING

CODE

ID



Create new data store ςPhilly



Input Mapping Output Mapping

CACHE

TargetSource TargetSource

Data Results

Session

Configured in Data Store

Data, Input/Output Mapping, Cache



Client Data Exercise
Create a Data Store using Your Data

Routes

BMP

CountyCode

EMP

ROUTEID



Rules Interface



1Integrate Workflow: Rules Interface
A rule is a logical expression that defines conformance requirements for features.

rule builder

parameter entry

text for selected node









Rule Nodes



Root Node aka Parent Node

A root node is the highest node within a logic tree and defines which feature class 
will be evaluated within the logic.





Condition Nodes
A condition node is a high-level, logical test that defines the syntax of a rule or 
action.



Comparison

Logical 
Operators

Looping 
Constructs

Collections



Value Nodes
A value node is a constant, a reference to objects or a calculation, that is compared 
using a relationship.



Constants

Reference to 
objects

Calculated 
values

Functions



Relationship Nodes

A relationship compares any two values and returns a result of true or false.



Equivalence 
relation

Relative 
relation

Pattern 
matching 
for strings

Scalar Relationships



Spatial 
relations

Types of 
intersect

Distance 
operator

Spatial Relationships



Spatial Relationships



A point geometry

Interior

Exterior

A line geometry

Interior

Boundary

Exterior

An area geometry

Boundary

Exterior

Interior



Basic Comparison Logic Structure



Rule breakdown..

L ǿŀƴǘ ǘƻ ŎƘŜŎƪ ǘƘŀǘ ŀƭƭ ǘƘŜ .ǳƛƭŘƛƴƎǎ ƛƴ Ƴȅ ŘŀǘŀǎŜǘ ƘŀǾŜ ŀ ŦǳƴŎǘƛƻƴ ŎƻŘŜ ƻŦ άмумлέΦ

.ǳƛƭŘƛƴƎǎ ǎƘƻǳƭŘ ƘŀǾŜ ŀƴ C/h59 ƻŦ άмумлέΦ

BUILDING has BUILDING.FCODE equals 1810.



Populated Rule Nodes



Simple Attribute Check



Rule Nodes



Name 01 BuildingFC check

Description Check for BUILDING objects that BUILDING.FCODEequals 1810 .

Stock Exercise # 1



Stock Exercise # 1



Stock Exercise # 2

Name 02 FirestationDepartment Check

Description
Check for the FIRE_STATION class DEPT attribute which equals to 
άFIREέ όŀ ǎǘǊƛƴƎΦύ



Stock Exercise # 2



Stock Exercise # 3

Name 03 Zoning Check

Description Check for the ZONINGclass thatCODEattributes are not NULL.



Stock Exercise # 3



Client Data Exercise #1

Name 01 Check that ROUTEID does not equal null.

Description Check for Routes that Routes.ROUTEID does not equal null.



Client Data Exercise #1



Client Data Exercise #2

Name 02 Check that Routes Features are valid

Description Check for Routes objects that is_valid(Routes.geometry ) equals true



Client Data Exercise #2



Client Data Exercise
Create a Second Data Store using Your Data - Counties

KanawhaCo

COUNTYFP

NAME

OBJECTID

NicholasCo

COUNTYFP

NAME

OBJECTID

LincolnCo

COUNTYFP

NAME

OBJECTID



Client Data Exercise #3

Name 03 Check Correct County Name

Description Check for KanawhaCo objects that KanawhaCo.NAME contains "Kan"



Client Data Exercise #3



Rule on Two Classes



ÅExistence Condition

ÅQualifier

ÅQuantity

ÅParent/Child Conditions

New Concepts



New Concepts

Exist
- At least
- At most
- Exactly

Numeric 
Value

Class

Name

ŦƻǊ ǿƘƛŎƘΧ

Qualifier Quantity Class

Defined within Element Details

Child Condition(s)



Check that a valve is connected by at least two pipes.

Existence Condition Example

Qualifier QuantityRoot Node Class Condition Node Class

Valve

Pipe

Conformance

Non-conformance



Check that curblinesand buildings do not overlap.

For curbline, check that there are (exactly) 
no building objects for which building 
geometry overlaps curblinegeometry.

Stock Exercise #6

Qualifier Quantity

Root Node 
Class

Existence Condition 
Node Class



For curbline, check that there are (exactly) no building objects for 
which building geometry overlaps curblinegeometry.

Stock Exercise #6

Conformances Non-conformances

Curbline

Building

Curbline

Building

Building



Stock Exercise # 4

Name 04 Curbline1.0

Description

Check for CURBLINE objects that
there are no BUILDING objects for which 

BUILDING.geometry

overlaps 
CURBLINE.geometry .



Stock Exercise # 4



Stock Exercise # 5

Name 05 Streetcent1.0

Description

Check for STREETCENTobjects that
there are no BUILDING objects for which

STREETCENT.geometry

crosses 
BUILDING.geometry .



Stock Exercise # 5



Client Data Exercise #4

Name 04 Kanawha County contains Routes

Description
Check for Routes that there is at least 1 KanawhaCo object for which 
KanawhaCo.geometry contains Routes.geometry



Client Data Exercise #4



Client Data Exercise #5

Name 05 Nicholas County contains Routes

Description
Check for Routes that there is at least 1 NicholasCo object for which 
NicholasCo.geometry contains Routes.geometry



Client Data Exercise #5



Client Data Exercise #6

Name 06 Lincoln County contains Routes

Description
Check for Routes that there is at least 1 LincolnCo object for which 
LincolnCo.geometry contains Routes.geometry



Client Data Exercise #6



Client Data Exercise #7

Name 07 KanawhaCocontains or crosses Routes

Description
Check for Routes objects that there is at least 1 KanawhaCo object for which 
KanawhaCo.geometry contains Routes.geometry or 
KanawhaCo.geometry crosses Routes.geometry



Client Data Exercise #7



Client Data Exercise #7b

Name 07b KanawhaCointersects Routes

Description
Check for Routes objects that there is at least 1 KanawhaCo object for which 
KanawhaCo.geometry intersects Routes. geometry



Client Data Exercise #7b



Rule Refinement



Workflow Diagram

No

Connect 
to data 
source

Create rules

Test rules against 
data source

Refine rule

Rule 
refinement 
required?Yes

Introductory Training

Export 
required 
results

Create fix-up action 
against rules

Run fix-up action 
on data

Fix-up 
action 

required?

Yes

No

Advanced Training



ÅRule Refinement

Å Incorporate new information

ÅEnhance performance

ÅCopying and Pasting rules

ÅChanging rule versions

New Concepts



Stock Exercise # 6

Name 06 Curbline2.0

Description

Check for CURBLINE objects that 
there are no BUILDING objects for which

BUILDING.geometry

overlaps 
CURBLINE.geometry

and 
CURBLINE.ELEV_1

Equals 
0.



Stock Exercise # 6



Stock Exercise # 7

Name 07 Curbline3.0

Description

Check for CURBLINE objects that 
there are no BUILDING objects for which 

BUILDING.geometry

overlaps 
CURBLINE.geometry

and 
CURBLINE.ELEV_1

equals 
0

and 
BUILDING.FCODE

is 
1810 .



Stock Exercise # 7



Client Data Exercise #8

Name 08 Road geometry must not be too short or NULL

Description
Check for Routes objects that Routes.geometry does not equal null and 
line_length(Routes.geometry ) is greater than 4



Client Data Exercise #8



Client Data Exercise #9

Name 09 Road geometry must not be too short or NULL or SuppCodeequal to 25,26

Description
Check for Routes objects that Routes .geometry does not equal null and 
line_length(Routes.geometry ) is greater than 4 and (Routes.SuppCode does 
not equal "25" or Routes.SuppCode does not equal "26")



Client Data 
Exercise #9



LCΧ¢I9bΧ9[{9 {ǘǊǳŎǘǳǊŜ



LCΧ¢I9bΧ9[{9 {ǘǊǳŎǘǳǊŜ 5ƛŀƎǊŀƳ

NON-
CONFORM

THEN

CONFORM

(Condition 2)

IF

(Condition 1)

NON-
CONFORM

ELSE

CONFORM

(Condition 3)

Without ELSE clause, 
object is not tested



New Concepts



Stock Exercise # 8

Name 08 IF-THEN Check

Description

Check for BUILDING objects that
If

BUILDING.FCODEequals 1810

Then
there are no CURBLINEobjects for which

BUILDING.geometry

overlaps 
CURBLINE.geometry

and 
CURBLINE.ELEV_1

equals 
0.



Stock Exercise # 8



Client Data Exercise #10

Name
10 Road geometry must not be too short or NULL or SuppCodeequal to 25,26 as an IF 
THEN

Description
Check for Routes objects that if Routes.SuppCode equals "25" or 
Routes.SuppCode equals "26" then Routes.geometry does not equal null
and line_length(Routes.geometry ) is greater than 4



Client Data 
Exercise #10



Client Data Exercise #11

Name 11 Check for Kickbacks

Description
Check for Routes objects that if Routes.geometry does not equal null then 
has_kickbacks(Routes.geometry ) equals false



Client Data Exercise #11



Client Data Exercise #12

Name 12 Check for Spikes

Description
Check for Routes objects that if Routes.geometry does not equal null then 
has_spikes(Routes.geometry ) equals false



Client Data Exercise #12



Multiple Existence Conditions



ÅParent nodes dictate which 
classes are available within 
child nodes





Test Scenario ςPhilly data



Stock Exercise # 9
Name 09 Firestation1.0

Description

Check for FIRE_STATION objects that
(there is at least 1 BUILDING object for which

BUILDING.geometry

Contains
FIRE_STATION.geometry )

And
(there is at least 1 STREETCENTobject for which

STREETCENT.geometry is
within a distance of 200 of
FIRE_STATION.geometry

and 
FIRE_STATION.LOCATION

contains 
STREETCENT.ST_NAME).



Stock Exercise # 9



Client Data Exercise #13

Name 13 Routes contained in counties

Description

Check for Routes objects that (there is at least 1 KanawhaCo object for which 
KanawhaCo.geometry intersects Routes.geometry ) or (there is at least 1 
LincolnCo object for which LincolnCo.geometry intersects 
Routes.geometry ) or (there is at least 1 NicholasCo object for which 
NicholasCo.geometry intersects Routes.geometry )



Client Data 
Exercise #13



For All Structure



For All Structure Diagram

NON-
CONFORM

check that...

CONFORM

(Condition 2)

Not Tested

ŦƻǊ ǿƘƛŎƘΧ

(Condition 1)

For all
Class
Name

ŦƻǊ ǿƘƛŎƘΧ
ŎƘŜŎƪ ǘƘŀǘΧ

Defined within Element Details



ÅFor All Structure

Åά¦ǇǇŜǊέ CƻǊ !ƭƭ

Åά[ƻǿŜǊέ CƻǊ !ƭƭ

New Concepts



Check that fire station points are located within the correct building.

Stock Exercise #10

Fire station Residential CommercialResidential

Conformance Non-conformance



Stock Exercise # 10

Name 10 FOR ALL FirestationCheck

Description

Check for FIRE_STATION objects that
for all BUILDING objects for which 

BUILDING.geometry

contains 
FIRE_STATION.geometry

(check that )
BUILDING.TYPE

equals 
"FIRE STATION" 



Stock Exercise # 10



Stock Exercise # 11

Name мм wŜǿǊƛǘŜ LCΧ¢I9b ŀǎ CƻǊ !ƭƭ

Description

Check for BUILDING objects that 
If

BUILDING.FCODEequals 1810

Then
for all CURBLINEobjects for which 

CURBLINE.geometry

overlaps 
BUILDING.geometry

check that 
CURBLINE.ELEV_1

is great than 
0



Stock Exercise # 11



ÅHow do we know the relationship between fire stations and 
buildings and streets is correct?
ÅFire station point is located ina building

ÅBuilding type is fire station 

ÅStreet names are in fire station address

Create a rule using a For All condition that will find non-conforming fire 
station points.



Stock Exercise # 12

Name 12 Firestation2.0

Description

Check for FIRE_STATION objects that (there is at least 1 BUILDING object for 
which BUILDING.geometry contains FIRE_STATION.geometry and 

BUILDING.TYPE ƛǎ ǎŜǘ ǘƻ άFIRE STATION έύand (there is at least 1 STREETCENT

object for which STREETCENT.geometry is within a distance of 200 of 
FIRE_STATION.geometry and FIRE_STATION.LOCATION contains 
STREETCENT.ST_NAME)



Stock Exercise # 12



Client Data Exercise #14

Name 14 For All Check for Kickbacks

Description
Check for Routes objects that for all LincolnCo objects for which 
Routes.geometry does not equal null check that 
has_kickbacks(Routes.geometry ) equals false



Client Data Exercise #14



Object Labels



Object Labels

Anobject label uniquely identifies objects in the same class and allows objects to be 
tested against each other.

Class AttributeName
(Object Label)

Dynamic Value Syntax



Example: Checking for duplicate features

NON-
CONFORM

CONFORM

Root Class

Root Object

Logic testing for 
Duplicate objects

Duplicate?

Root Class: 
duplicate





Exercise: Nearby Fire Stations 

CONFORM
NON-

CONFORM

Root Class:
FIRE_STATION

Root Object:
FIRE_STATION:A

Are there at least 5 
fire stations within 

10,000 feet?

Root Class: 
FIRE_STATION:B



Stock Exercise # 13

Name 13 Nearby Fire Stations

Description
Check for FIRE_STATION objects A that there are at least 5 FIRE_STATION 

objects B for which FIRE_STATION:B.geometry is within a distance of 10000 of 
FIRE_STATION:A.geometry



Stock Exercise # 13



Stock Exercise # 13b

Name 13b Nearby Fire Stations Refined

Description

Check for FIRE_STATION objects A that there are at least 5 FIRE_STATION 

objects B for which FIRE_STATION:B.geometry is within a distance of 10000 of 
FIRE_STATION:A.geometry and FIRE_STATION:B.ID does not equal 
FIRE_STATION:A.ID



Stock Exercise # 13b



Built-In Functions



Built-in Functions

A built-in function returns a value calculated from one or more parameters.



ÅRule to check that street network is well connected
Å Check that the start of street A intersects street B 

or end of street A intersects street B

Å5ƻƴΩǘ ŎƘŜŎƪ ŀ ǎǘǊŜŜǘ ŀƎŀƛƴǎǘ ƛǘǎŜƭŦ

ÅUse geometric built-in functions
Å start_of

Å end_of

ÅUse Object Labels to distinguish between classes of 
streets

Street Connectivity



Street Connectivity

CONFORM
NON-

CONFORM

Root class: 
Street A

Feature Street A

Logic testing for 
street connectivity

Is feature street A 
well connected?

Reference class:
Street B



Stock Exercise # 14

Name 14 StreetcentConnectivity 1.0

Description

Check for STREETCENTobjects A that there is at least 1 STREETCENTobject B for 
which (start_of(STREETCENT:A.geometry ) intersects 
STREETCENT:B.geometry or end_of(STREETCENT:A.geometry ) intersects 
STREETCENT:B.geometry ) and STREETCENT:A.ID does not equal 
STREETCENT:B.ID 





Rule Templates



ÅTemplates are fragments of rules 

that can be reused

ÅCreated with objects as parameters

ÅParameters can be added, removed, 

and changed

ÅChanges to a template are picked up 

by all logic referencing the template

New Concepts



Stock Exercise # 15

Name 15 StreetcentConnectivity 2.0 ςusing template

Description

Check for STREETCENTobjects A that 
there is at least 1 STREETCENTobject B for which

(start_of(STREETCENT:A.geometry ) 
intersects
STREETCENT:B.geometry

or 
end_of(STREETCENT:A.geometry ) 
intersects 
STREETCENT:B.geometry ) 

and 
STREETCENT:A.ID

does not equal 
STREETCENT:B.ID 







Client Data Exercise #15

Name 15 Route Connectivity ςusing template

Description

Check for Routes objectsthis that there is at least 1 Routes object that for 
which (start_of(Routes: this .geometry ) intersects Routes: that .geometry

or end_of(Routes: this .geometry ) intersects Routes: that .geometry ) and 
Routes: this does not equal Routes: that





Actions and Action Maps



ÅActions
ÅReporting Actions

ÅCreate Report Objects

ÅActions Interface

ÅAction Nodes
ÅOperation

ÅCondition

ÅValue

Key Concepts and Overview



Actions

An action is a rule that can create, delete, and update objects or report on objects.

Condition

Operation

Value



Action Map

NON-
CONFORM

Rule

Action

CONFORM

ÅReport
ÅFix-Up
ÅTransform

A
c
tio

n
 M

a
p



Action Map



Reporting Actions



Reporting Actions



Reporting Actions
Rule Action



Test Scenario



Stock Exercise # 16

Name 16 Report Fire Station

Description

Action for FIRE_STATION objects:
For all BUILDING objects for which

(FIRE_STATION.geometry is contained within BUILDING.geometry

and
BUILDING.TYPE does not equal "FIRE STATION")

do report on 
{FIRE_STATION.SITE_NAME ,
FIRE_STATION.ID ,
BUILDING.TYPE ,
BUILDING.ID }



Stock Exercise # 16



Stock Exercise # 17

Name 17 Report Fire Station (action map)

Rule 
Description

Check for FIRE_STATION objects that for all BUILDING objects for which 
BUILDING.geometry contains FIRE_STATION.geometry check that 
BUILDING.TYPE equals "FIRE STATION"

Action 
Description

For FIRE_STATION objects: report on 
{FIRE_STATION.ID ,FIRE_STATION.SITE_NAME}



Stock Exercise # 17



Stock Exercise # 17



Creating Markups with Action Maps



Stock Exercise # 18

Name 18 Fire Station Markup (action map)

Rule 
Description

Check for FIRE_STATIONobjects that (there is at least 1 BUILDINGobject for which 
FIRE_STATION.geometryis contained within BUILDING.geometryand BUILDING.TYPE 
equals "FIRE STATION") and (there is at least 1 STREETCENTobject for which 
STREETCENT.geometryis within a distance of 200 of FIRE_STATION.geometryand 
FIRE_STATION.LOCATION contains STREETCENT.ST_NAME)

Action 
Description

For FIRE_STATIONobjects: let rule name = rule_name() and then let class name = 
class(FIRE_STATION) and then let feat_guid= to_string(FIRE_STATION.ID) and then let 
comment = "This point is a nonconformance, please review" and then create an object 
of class MARKUP_POINTand {let MARKUP_POINT.class= class name and then let 
MARKUP_POINT.comment= comment and then let MARKUP_POINT.feat_id= 
feat_guidand then let MARKUP_POINT.geometry= FIRE_STATION.geometryand then 
let MARKUP_POINT.violation= rule name}



Stock Exercise # 18



Stock Exercise # 18



Stock Exercise # 18



Client DataExercise # 16

Name 16 Route Connectivity (action map)

Rule 
Description

Check for Routesobjectsthis that there is at least 1 Routesobject that for which 
(start_of(Routes:this.geometry) intersects Routes:that.geometryor 
end_of(Routes:this.geometry) intersects Routes:that.geometry) and Routes:this does 
not equal Routes:that

Action 
Description

For FIRE_STATIONobjects: let rule name = rule_name() and then let class name = 
class(FIRE_STATION) and then let feat_guid= to_string(FIRE_STATION.ID) and then let 
comment = "This point is a nonconformance, please review" and then create an object 
of class MARKUP_POINTand {let MARKUP_POINT.class= class name and then let 
MARKUP_POINT.comment= comment and then let MARKUP_POINT.feat_id= 
feat_guidand then let MARKUP_POINT.geometry= FIRE_STATION.geometryand then 
let MARKUP_POINT.violation= rule name}



Client DataExercise # 16



Client DataExercise # 16



Stock Exercise # 18



Workshop



RULES AND ACTIONS Wishlist

Å Import CSV into 1Integrate

Å Review HPMS rules



Importing a CSV



Data47_IRI_IS

Begin_Point

End_Point

ROUTE_ID

Value_Numeric

Year_Record

New class in data store:
MARKUP_TABLE

Class

Violation

BMP

EMP

RouteID

Data Store Index & Report



Importing a CSV with new Markup class



Workshop: 

Create HPMS rule, action, and action map forIRI



Sessions


















