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What?



From Wikipedia:

An abstract model that organizes elements of data and
standardizes how they relate to one another and to the

properties of real-world entities.

What?
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Data Model

Defining your

variables
(including
data types)
and
relationships

What?

Specify
logical and
useful model
structures
and
formulations

Data
structures for
input and
output

Database
technologies




Why?



Documentation

Why?




Employment

A.

A firm-operated physical place identified in tax records as
the employer of one or more worker.

A physical place identified as the “work location” in a
survey response of one or more worker.

A firm-operated physical place to which one or more
workers travels on a regular basis.

Something else?




Why?

Relationships
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@computed_field
@propert
etnpl<:yment7t<:tal (self)

self .employment agriculture

+ self.employment mining

+ self.employment_ construction ReqUIrIng users to
+ self.employment manufacturing .
sum fields is error

self.employment wholesale

self.employment retail prone, Vague, and
unnecessary.

self.employment transport

self .employment communication
self.employment finance
self.employment rental
self.employment_ professional
self .employment administrative
self.employment education
self.employment health
self.employment_social

self .employment ommodation
self .employment public_administration

self.employment other




Why?

Calculations that derive variables from other variables (e.g.,

total employment, household density) should be done in
one and only one place.
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Numerous
relationships in
activity-based models
Sl R Gt are implied by the
B model structures

rather than explicitly
defined.




Why?
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Strings should never
be used in travel
models: they are error
prone and have
relatively large
memory footprints.




Why?

Validation (a.k.a. Verification)
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Verification

Data model software has verification tools that can be
used to:

Check variable names

Check data types

Check relationships, e.g., if households > 0, then
household population > 0

Compute “derived” variables, e.g., total employment,
as needed
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How? (and Where?)



Examples

e Overture Maps (JSON Schema)

e General Modeling Network Specification (JSON
Schema)

e Main Roads W.A. PTM Prototype (Pydantic)

e Chandra Bot Project (Google Protocol Buffers)

e Agent (internal data model or “schema”)
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https://github.com/OvertureMaps/schema/blob/main/schema/transportation/segment.yaml
https://json-schema.org/
https://github.com/zephyr-data-specs/GMNS/blob/main/spec/segment.schema.json
https://wsp-sag.github.io/client_mrwa_ptm_data_model/activitysim_input.html
https://docs.pydantic.dev/latest/
https://github.com/AEP50/chandra-bot/blob/master/chandra_bot/data_model.proto
https://protobuf.dev/

Network Standard
Example



I _ _
MPOYYALT.net required optional fields These fields are requ
File Type Voyager Highway Network completely optional fields These fields are not r
ODOT only field
MPO only field
Category Field Description
Core Field A [A Node Number
Core Field B 1B Node Number
info Only
Info Only
Core Field

Core Field Posted speed limit (mph)
Core Field Positive or negative modification to the free flow speed (mph) for ALL vehicl
Positive or negative modification to the free flow speed (mph) for trucks - daily - This is applied in ADDITION t

Source of Truth:

the spdmod field.
Core Field SCRN_PEN Screen line penalty in minutes - only used in distribution

Operational class or modified functional class S A H b I . N

e ource Actionable: 0

11 - Turnpike

20 - Expressway

30 - Ramp - note speed override of 35 mph
31 - Freeway to Freeway Ramp (optional) - uses postspd instead of 35 mph
32 - Exit Ramp (optional)

Core Field FACTYPE num 33 - Entrance Ramp (optional)

34 - Turnpike Toll Plaza (optional)

Verification Approach:  Mark B.

40 - Major Road (Arterial)
ol R String Avoidance: Int or short-string codes
61- Centro‘: Ex:z; stub links needed for signals (optional)
° ;|C~E ::::mal Connector (optional)
Core Field num Number of mid link through lanes . .
Core Fied o it oy widthnia & Change Log: Excel versions, manual diffs?

Turn lanes, 2 poss

AB where A-exclusive left turn lanes, B=exclusive right turn lanes

ABCDE where A=exclusive left, B=shared left-through, C=through

D=shared through-right, E-exclusive right . .

Core Field TURNANE I Note that when using 5 digit format, PARKING is not subtracted from through lanes. As with 2 digit coding, if an| Da ta Type Vahda t,on: M Od e I run erro rs?
exclusive turn lane is not provided, a through lane will be considered shared, thus code 10100 is equivalent (and|

i fact preferred) to 10010. Generally codes B and D should only be used if a shared lane exists in addition of an

exclusive lane (very rare).

Mid link median turn lane

Core Field MEDTURN num 1-1lane

0- nolane

Network Standard Example




Pydantic

What would this look like?
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category: Ca

W

Category

U N . lllustrative Pydantic
see enun.py for complete details Approach

eight char name Annotated[str, StringConstraintsfax length=8) ]

nnn gy gh

won

description: Annotated[str, StringConstraintsiax length=255) ]

wan

wnn

Network Example




o e lllustrative Pydantic

OVER RIDE = 4

VALIDATION ONLY = 5

Network Example




node identifier at the beginning end o

value: ClassVar[PositivelInt]
str (self):

return standard name

, lllustrative Pydantic
category = Category RE )
eight char name = "Z E" ApproaCh

standard name = "a node"

description = "A Node Number"

varies by model time period= False

Network Example




a node: ANode

b_node: BNode

fiMrd R lllustrative Pydantic
I Approach

city name: Optional [City

links: List[RoadwayNetwo

nodes: List[RoadwayNetw

Network Example




s, nodes = input nodep
print("Verif
except ValidationError as

print(e)

lllustrative Pydantic
Approach

Network Example




Source of Truth:

Source Actionable:

Verification Approach:

String Avoidance:

Change Log:

Data Type Validation:

No

Manual Review?

Int or string codes

Excel versions, manual diffs?

Model run errors?

Network Standard Example

Source of Truth:

Source Actionable:

Verification Approach:

String Avoidance:

Change Log:

Data Type Validation:

Python

Yes

Automated
Enumerated variables
GitHub

Python
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Python — Yay!

Verification cost — zero (verification is
the killer feature of data models)

Inconsistencies (definitions, data types,
derived calculations) — zero

Variable codes (e.g., intersection type) are
defined in one and only one place

Network Standard Example

Python — Ugh!
Excel version becomes “read only”

Change

Python code requires continuous, usually
minor, maintenance

Higher upfront cost, including becoming
familiar with Pydantic (or something
similar)
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Questions/Discussion




