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This whitepaper grows from several parallel Center for Offsite Construction initiatives: the .CTO
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CfOC-ICC-1220 and CfOC-ICC-1230 physical interface standards; the proposed CTO Product Registry; and
independent software experiments undertaken by Senior Research Fellows and private firms.
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Research Fellows, and technology companies testing how productized construction can move from theory
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as research instruments. They reveal both the promise of CTO-native software and the minimum common
behaviors that independent configurators may eventually need to share.
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Executive Summary

The building industry increasingly produces larger products: bathroom pods, kitchen pods, wall panels, floor
cartridges, roof panels, stairs, structural assemblies, and other prefabricated systems. Yet the digital
environment used to design buildings remains organized primarily around Engineer-to-Order (ETO) practice.

Traditional CAD and BIM environments give designers broad authority to draw, model, rotate, modify, and
connect building elements. That flexibility serves bespoke construction well. Every project can define its
own assemblies, details, and interfaces. The resulting building is validated through professional services:
architects, engineers, manufacturers, contractors, coordination meetings, shop drawings, RFls, submittals,
and field interpretation.

Configure-to-Order (CTO) construction requires a different digital environment. A CTO building configurator
allows a user to assemble a building from pre-designed, pre-engineered products whose allowable
configurations and interfaces have already been defined. Products arrive through catalogs. Their interfaces
are declared. Their allowable placement, rotation, dimensions, and relationships are constrained. A designer
works inside a bounded solution space and produces a CTO Building Configuration whose product
relationships can be digitally checked before pricing, ordering, or scheduling proceeds.

The Center for Offsite Construction is now developing enough adjacent infrastructure to describe the
minimum behavior of these configurators.

Four pieces work together:

1. .CTO files describe manufacturer products and configured assemblies.

2. .CIS files describe the interfaces through which products connect.

3. The CTO Product Registry validates product definitions, interface references, identities, versions,
and other defined digital claims.

4. CTO Configurators consume those records and allow users to compose valid buildings from them.

The resulting configurators can remain independent. A manufacturer may operate one on its own servers.
A software company may serve many manufacturers. A vertical manufacturer may expose only its
proprietary product platform. Another platform may mix products from dozens of firms. Major
design-software companies may integrate CTO functionality directly into existing environments.

The shared requirement is behavioral interoperability. A conforming configurator should be able to
establish project datums, load permitted catalogs of registered CTO products, resolve their CIS interface
definitions, enforce manufacturer placement rules, reject invalid product relationships, query the CTO
Product Registry, and generate a validated CTO Building Configuration with sufficient information to support
at least a quote, order, and anticipated shipment date.
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This creates an important economic opportunity. Manufacturers are already investing in proprietary product
configurators. Shared infrastructure allows those private investments to compound. Each firm can continue
building software for its own technical-sales needs while gaining access to a larger federation of
interoperable products, standards, registries, and software environments.

CfOC therefore proposes a new research objective: develop a general CTO Configurator Specification that
defines the minimum behavior expected of software participating in this ecosystem.

The goal is a marketplace in which many manufacturers, many catalogs, many configurators, and many
forms of software can participate without requiring one centralized platform or one vertically integrated
company.



1. The Problem: Building Software Still Assumes Engineer-to-Order

For more than a century, the Architecture, Engineering, and Construction (AEC) industry has organized
building design around the creation of a unique project. Its software reflects that history.

CAD gives a designer lines, geometry, dimensions, layers, and symbols. BIM adds objects, parameters,
assemblies, schedules, and increasingly sophisticated simulations. Both remain exceptionally powerful
environments for describing a building whose technical relationships are uniquely resolved for that
particular project.

Today, a designer can draw almost anything. That freedom has an administrative consequence: someone
must subsequently determine whether what was drawn can actually be manufactured, purchased,
connected, installed, inspected, and warranted.

A bathroom pod can be placed in a model at almost any location or orientation. A wall can meet it at almost
any angle. A utility line can approach from almost any direction. A manufacturer may eventually explain that
the arrangement cannot be built, cannot be shipped, violates a required clearance, places an access panel
against a wall, or turns a standardized utility interface toward the wrong side of the building.

The digital representation alone rarely prevents errors between products. Professional coordination fills the
gap, at great cost. Architects and engineers prepare enlarged plans, sections, drafting views, details,
specifications, and schedules. Manufacturers create shop drawings. Contractors manage submittals and
RFls. Project teams conduct clash detection and coordination meetings. Specialists interpret each firm's
requirements and reconcile them with the requirements of everyone else.

The CfOC's Models of Delivery research describes this distinction directly. In ETO delivery, the architect
leads design, software is representational, coordination remains project-specific, and each building's
assemblies must be resolved through the project's professional and administrative structure. In CTO
delivery, the configurator becomes the lead design environment, product catalogs become the available
vocabulary, and coordination moves upstream into pre-engineered products and interfaces.

Offsite manufacturers currently occupy an awkward middle condition between ETO and CTO. They
increasingly invest in proprietary configurators, BIM libraries, sales tools, and digital catalogs. Yet most of
those tools remain isolated. Manufacturers repeatedly encode their own products inside their own software.
Another configurator cannot reliably consume those definitions. A manufacturer seeking access to a second
platform often needs another custom integration. The existing CfOC Roadmap identifies this fragmentation
as a major obstacle to a shared marketplace.

The result is duplicated software investment and continued dependence on ETO coordination downstream.
The AEC industry needs a common answer to a simple question: What minimum behaviors should any
software configurator support if it wants to participate in a Configure-to-Order building marketplace?
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2. The Administrative Stack Behind ETO — and the CTO Alternative

The difficulty extends beyond software and permeates business practices. ETO construction is supported
by a mature administrative stack developed over generations. Professional licensure, standard contracts,
CSl specifications, construction documents, RFls, submittals, shop drawings, coordination meetings,
schedules of values, trade scopes, site supervision, inspections, and Common-Law service relationships
collectively allow a highly bespoke building to be created.

That system supports almost unlimited possibility. Its cost appears as repeated project-specific (bespoke,
attention-focused, technical) effort.

The CfOC's broader CTO research asks the industry to move reusable knowledge upstream. Products are
designed and engineered before the customer order. Interfaces are defined before project coordination.
Manufacturers publish catalogs. Customers select among bounded choices. Installation requirements travel
with the products. The building becomes increasingly composed from known things.

The software environment changes accordingly. A CTO configurator presents a finite product palette rather
than an unlimited library of drawing commands. A user selects pods, panels, cartridges, stairs, structural
elements, and other catalog products. Those products arrive with rules governing their dimensions,
allowable variations, placement, orientation, and interfaces.

This is the digital equivalent of the familiar IKEA kitchen configurator. The user may describe the room and
establish important project dimensions. The cabinets remain IKEA products. Their dimensions, options,
hardware relationships, and purchasing identities remain controlled by the manufacturer.
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Figure 2a: Screen-shot from IKEA Kitchen Planner.
The IKEA Kitchen Planner is a free, web-based 3D design tool that allows you to configure your room layout
by inputting custom wall measurements, doors, and window placements.
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Figure 2b: Installing IKEA kitchen cabinets on a wall-mounted steel cleat.
Screen-shot from IKEA METOD Kitchen Installation 3/7 - Installing the cabinets.

A building configurator expands that logic across multiple catalogs and much larger products. Like the IKEA
kitchen planner’s (figure 3a) reliance on french cleats as the standard interface for its products (figure 3b),
CTO configurators have the ability to rely on a series of firm- or industry-defined product interface standards
to tie manufactured products to reliable, predictable site installation.

2.1 Configuration as a different design model

In the CfOC model, ordinary design and configuration represent different operating methods. The
configurator gives the user authority over the composition of valid products. The manufacturers retain
authority over the products themselves.

For example, a single-family CTO configurator might allow a designer to:

establish the building's floor and roof levels;

locate the principal structural or panel datums;

choose kitchen, bathroom, and utility-room pods;

select exterior wall panels;

select floor cartridges;

select roof panels;

locate stairs or other vertical-circulation products; and
choose among manufacturer-defined dimensional variants.
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The designer cannot arbitrarily rotate a bath pod into an orientation prohibited by its interfaces. The
designer cannot invent a new connection between products whose manufacturers have never defined one.
The designer cannot stretch a fixed product beyond its allowed range.

Manufacturers may choose to offer bounded dimensional freedom. An exterior panel, for example, might be
available at any height between 8'-0" and 10-6". The product definition establishes that range, while the
project datum determines the ordered dimension.

2.2 Residual ETO scope remains visible

Early CTO buildings will often combine productized and project-specific work. A configurator should make
that distinction explicit. A single-family house might be substantially composed from registered CTO pods,
panels, cartridges, and roof systems while still requiring:

e project-specific interior gypsum-board partitions; and
e aproject-specific foundation adapting the CTO building to site conditions and incoming utilities.

These elements can appear within the digital environment as Project-Defined / Requires Professional
Resolution scope.

They help the user understand the whole building while clearly identifying work that remains outside the
validated CTO product marketplace. The distinction between ETO and CTO elements belongs in the user
experience and in the proposed CTO Configurator Specification.

2.3 Decoupling production from the project clock

The deeper economic opportunity comes from time savings. ETO projects organize many actors around a
single project schedule. Offsite construction has frequently attempted to preserve that model by
synchronizing factory production tightly with jobsite progress, a synchronization that is inherently fragile.
Weather, road closures, site readiness, permitting delays, labor disruptions, inspections, and numerous other
events can change site conditions quickly.

CTO products create greater scheduling freedom because a sufficiently standardized product can remain
useful across more than one project. A bath pod manufactured this week may ultimately ship to Project A,
Project B, or Project C. Its product identity and standardized interfaces allow final allocation to happen later
in its production or storage cycle. The factory can increasingly operate on a stable production cadence
while individual projects absorb variability through inventory, staging, allocation, and logistics decisions.

CfOC describes this broader organizational effect as scaling without size: independent companies
coordinate through stable interfaces and shared rules while retaining their own ownership, production
systems, and operating rhythms. The configurator is one of the social technologies that makes that
federation usable.
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3. The Emerging CTO Configurator Architecture
A CTO configurator becomes possible because several CfOC projects now meet at the software layer.

3.1 The . CTO file: what the product is

The draft . CTO specification defines a machine-readable representation of building configurations
composed from catalog products. The current v0.2 specification includes product identity, catalog
information, geometry, constraints, pricing, scheduling information, product lifecycle records, and
references to applicable interface standards.

Every CTO product originates with a manufacturer. The manufacturer determines:

what the product is;

what catalog it belongs to;

which variants are available;

what dimensional freedom exists;

how the product may be placed;

what it costs;

when it can be supplied,;

which interfaces it supports; and

which product claims the manufacturer is willing to make.

A manufacturer may also determine how broadly its product definition can be consumed: publicly
discoverable, available to approved configurators, or restricted to an internal environment. The
manufacturer-driven permission model should become part of subsequent CTO specification development.

3.2 The . CIS file: how products connect

Products also need explicit interfaces. The companion . CIS file describes a Configure-to-Order Interface
Standard. CTO element files reference these interface definitions rather than recreating their engineering
logic inside every product file. This allows interface standards and manufacturer products to evolve
independently.

A CIS may describe an open industry standard. Examples include the interfaces emerging through:

e CfOC-ICC-1220 for module-to-building utility connections; and
CfOC-ICC-1230 for panel interfaces.

Alternatively, a CIS may also describe a manufacturer's own internal product-platform interface. Logic
Building Systems, for example, is developing kitchen, bathroom, and utility-room pods that connect with one
another. A Logic building configuration may therefore require at least two separate interface definitions:
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1. anindustry-facing interface governing a bath-pod relationship with the host building; and
2. alogic-defined interface governing relationships among Logic pods.

The current v0.2 CTO specification already accommodates this architecture. A product can declare multiple
CIS standards, and the configurator validates each interface independently. This permits open interfaces
and proprietary product-platform interfaces to coexist.

3.3 The CTO Product Registry: what the configurator can rely upon

A configurator also needs a source of trust. The proposed CTO Product Registry provides the tether between
independently operated software and validated marketplace records.

Its core proposition is: The Registry confirms that a product definition and its declared interface
relationships have passed the applicable digital-validation checks; the manufacturer remains responsible
for the engineering and product claims represented by those records.

The Registry may eventually validate schema conformance, manufacturer identity, provenance, versions, CIS
references, catalog status, interface declarations, and other defined digital conditions. The Registry does
not replace professional services. It cannot automatically make itself the engineer, code official, product
certifier, or warrantor of the manufacturer's product.

A conforming configurator therefore maintains a conversation with the Registry. It can ask:

Is this a current registered CTO product?

Who published it?

Which version is current?

Which CIS files does it declare?

Are those interface definitions resolvable?

Is the product available to this configurator?
Has the relevant digital validation succeeded?

That common trust service allows different configurators to consume the same product marketplace without
recreating the entire validation system independently.

3.4 The CTO Building Configuration: what the user creates

The output of this process is a CTO Building Configuration: A validated composition of registered CTO
products arranged according to their product and interface rules, supplemented where necessary by
explicitly identified ETO scope.

The minimum commercially useful Building Configuration should be able to support:

quote — order — anticipated shipment date

10
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Manufacturers may expand this transaction record through additional states:
production slot — manufacture — shipment — delivery — installation — acceptance

Those later states connect directly to the commercial and legal infrastructure being developed through the
CfOC's From Handshake to Hardware research (see especially Appendix F - Toward a CTO Schedule of Values,
Worksheet 1 — Per-CTO-Product Schedule of Values, and Worksheet 2 — CTO Project Schedule of Values
Summary.)

3.5The .CTO, .CIS, & Registry Duality: Either speed a firms’ autonomous expression, or speed
firm<—firm collaboration

The proposed infrastructure aims to serve offsite firms in two ways.

e |[f used as a template, these IP definitions can help firms use templated product relationships to
speed the development of their own configurators. In that way, a firm can retain a vertically
integrated/private product platform.

e If it wants outside conforming configurators to trust and compose those products, it can use the
same IP to voluntarily expose the relevant CIS definition to the Registry for the applicable digital

checks.

Further, firms that start with a focus on independence may later elect to (quickly, easily, seamlessly) join the
Registry ecosystem, because they have chosen to define their products with CTO and CIS files.

11



4. Toward a General CTO Configurator Specification

Independent configurators can have very different user interfaces, business models, feature sets, and
software architectures. CfOC's opportunity is to define the minimum common behavior that allows those
systems to participate in the same marketplace. The proposed CTO Configurator Specification should
therefore distinguish required behavior from optional capabilities.

4.1 Required behavior

A conforming CTO configurator should:

Establish project datums

The software must allow a designer to establish the organizing references appropriate to the
building type. At minimum, all buildings require a base level and roof level. More complex building
types may require:

multiple floor levels;

column or structural grids;
vertical-circulation locations;
structural panel locations; and
other bounded project references.

Early prototype development has revealed an important question for the broader CTO specification.
The current . CTO v0.2 design principles describe a structural grid derived from floor-cartridge
placement, while configurator testing suggests that some project datums need to be established by
the user before products are selected.

Future specification work should distinguish project datums from product-derived grids explicitly.

Load finite product catalogs

The configurator must allow permitted CTO catalogs to be loaded from manufacturers. The catalog
defines the available product vocabulary.

Read . CTO product definitions

The configurator must interpret the geometry, constraints, variants, product identity, pricing, and
other required information contained in conforming CTO records.

Resolve .CIS interfaces

The configurator must resolve the interface standards declared by participating products.

These may include open industry standards or registered manufacturer-defined interfaces.

12



Enforce product placement rules

Products must remain within their manufacturer-defined solution spaces. Allowed rotations,
orientations, dimensions, connections, adjacency rules, and other constraints must be respected.

Prevent invalid configurations

A designer must be blocked from composing a product relationship that fails the applicable product
or interface rules. The current CTO specification already establishes this principle: invalid
configurations cannot be saved as conforming . cto files. For the configurator, invalidity should
also block downstream commercial outputs such as firm pricing and fulfillment schedules until the
issue is resolved.

Test product-to-product compatibility

Products from different catalogs may be combined where their declared interfaces and registry
status permit the relationship.

Calculate product pricing

A valid configuration must support deterministic aggregation of the applicable product prices at the
level defined by the CTO records.

Expose product availability or lead-time information

The configurator must communicate enough current manufacturer information to support realistic
purchasing decisions.

Check CTO Product Registry status

The configurator must be capable of querying the Registry and displaying the relevant validation
status of products and interface declarations.

4.2 Desirable capabilities

A conforming configurator may additionally:

generate a bill of products;

generate project schedules;

generate manufacturing schedules;

generate crane or installation sequences;

generate BIM geometry or construction-document outputs;
create procurement records;

preserve deeper lifecycle provenance;

communicate production-slot availability;

interact with manufacturing execution systems; and

13



e provide downstream installation and acceptance workflows.

These capabilities add significant value while remaining separable from the minimum definition of CTO
configuration.

4.3 Visually distinguish CTO and ETO scope

The Configurator Specification should require the software to communicate clearly which portions of the
proposed building are validated CTO products and which remain project-defined ETO scope. This should be
apparent within the user experience. A user examining a configuration should be able to recognize:

Registered CTO Product Manufacturer-defined and subject to the applicable CTO/CIS/Registry
checks.

Project-Defined / Requires Professional Resolution Representational geometry included to
describe unresolved site- or project-specific work.

This allows CTO adoption to proceed incrementally while maintaining clarity around professional
responsibilities.

4.4 Invalid configurations must fail usefully

Where two products cannot connect, the configurator should identify the failed condition. Future systems
may go further by suggesting compatible alternatives. At minimum, however, the software should refuse to
represent an invalid combination as a valid CTO Building Configuration and should withhold downstream
transaction outputs dependent upon validity.

14



5. Early Demonstrations and Research Findings

Configurators are already emerging independently. These prototypes remain early-stage software rather than
production platforms. Their principal value to CfOC is experimental: each one reveals assumptions that
need to become explicit in the shared infrastructure.

5.1 Independent CTO configurator experiments

Several independent implementations can eventually form the pilot cohort for the CTO Configurator
Specification. Their coexistence is a preview of the CTO software marketplace proposed throughout CfOC
work. If different software teams can build different configurators that consume the same product and
interface infrastructure, the ecosystem gains evidence that the architecture is genuinely portable.

MateChi Industrialized Construction Intelligence RS TETNS
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MEP wet core (utility + kitchen + ¢
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Large Studio — 2
1Bedroom — 1BR pod
2 Bedroom — 28R (D2)
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gy Kitchen Pod —K01-UM

™ Interior Partition — Wi
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Marriage Wall — WM

e Building Services Stub — BSVC-01

Figure 5a: CTO Configurator Software Screenshot Courtesy Matechi.

Samuel Williams — CTO Configurator Prototype

CfOC Senior Research Fellow Samuel Williams has developed a browser-based CTO configurator prototype
exploring module-scale composition. His experiments demonstrate several possibilities important to later
research:
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Al agents can operate inside a bounded configuration environment;

larger products can contain configurable sub-products; and

interface definitions can potentially inform downstream manufacturing structures such as an
EBOM.

For the immediate CfOC Configurator Project, the first lesson is most important.

Al becomes considerably more useful when its choices occur inside a constrained product environment.
The agent selects among valid products and arrangements rather than inventing plausible geometry whose
manufacturability remains unresolved.
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Figure 5b: CTO Single Family Home Configurator Software Screenshot Courtesy Logic Building Systems.
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Logic Building Systems — Building Configurator

Logic Building Systems has developed an independent browser-based single-family configurator informed
by CfOC's open research. Its public software description demonstrates catalog-based composition,
pre-engineered pods and panels, pricing, project scheduling, and crane-lift sequencing.

Logic's prototype has generated several useful research findings.

First, user-defined project datums matter. The designer requires enough control to define the
organizational framework of the building before selecting products.

Second, datum structure varies by building type. Single-family buildings need a relatively small set
of organizing references. Multifamily buildings may require levels, structural grids,
vertical-circulation zones, and panel locations.

Third, manufacturer-defined products can contain bounded dimensional freedom. A product line
can expose a permitted range while retaining manufacturer control over the technical definition.

Fourth, residual project-specific scope can be represented explicitly. Logic's own product-platform
diagrams, for example, distinguish productized pods and panels from interior partitions furnished
by others.

These are design lessons for the shared specification rather than proprietary features that every future
configurator must copy.

5.2 What has not yet been proven

The current prototypes should be described accurately. They do not yet demonstrate mature
cross-manufacturer interoperability at industry scale.

The physical standards required to support that marketplace are also still developing. CfOC-ICC-1220 is
under consensus development, while CfOC-ICC-1230 is establishing the corresponding interface agenda for
panelized products. A manufacturer can proceed sooner by publishing its own CIS definitions for
relationships within its proprietary platform.

This allows vertically organized manufacturers to participate in the same ecosystem. A company can define
its own interfaces, publish its own CTO products, operate its own configurator, and expose selected

products to outside configurators.

Participation requires the firm to declare those relationships in a form that the larger ecosystem can
understand and validate.

17



5.3 The decisive interoperability demonstration

The strongest future pilot would show:

two independent configurators;

loading the same third-party CTO product definition;

from a Registry-mediated source;

alongside products from another manufacturer;

resolving a shared CIS interface;

reaching the same compatibility conclusion;

maintaining product identity, version, price, and provenance; and
generating equivalent valid CTO Building Configurations.

© Nk wWN -~

A successful demonstration of that kind would establish the core technical proposition of the marketplace.
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6. The Federation Effect: Let Independent Investment Compound

Manufacturers are already building configurators. That investment in the CTO marketplace (and CTO-drivent
configurators) should continue.

A bathroom-pod manufacturer may need a simple technical-sales tool. A volumetric manufacturer may need
a sophisticated whole-building environment. A panel company may need a fagade or envelope configurator.
A global software company may build a broad multi-vendor platform. An Al company may develop a
conversational agent that produces configurations without a conventional modeling interface.

Each can remain independent. CfOC's role is to define the shared infrastructure that allows those
independent investments to become more valuable together. The emerging stack is:

Physical interface
standards

Define repeatable real-world
product boundaries.

v

.CIS interface spec .CTO file spec
Establish rules for common - Express product characteristics
boundaries in machine-readable in predictable, machine-readable
form. form.

.CIS interface files .CTO product files
Type definition of an interface Allow manufacturers to publish
condition in machine-readable bounded products that declare

form. thosge interfaces,

CTO Product Registry

Hrovides shared digital validation, identity, provenance, versioning, and trgst
services.

Conforming CTO Configurators
Allow users and software agents to create valid CTO Building
Configurations,

—e  Pathway for independent {firrm exclusive) Configurators,
— Pathway for Configurators featuring many firms” products
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The industry therefore does not need a single national configurator. It needs enough shared rules that many
configurators can participate in one CTO marketplace. This common layer of IP gives manufacturers a
springboard, or a direct economic incentive to participate.

A firm can build a configurator for its own technical-sales workflow today. By aligning that investment with
the CTO Configurator Specification, the company preserves the possibility that its products can later appear
in other conforming software environments. Its catalog gains distribution. Its proprietary configurator can
gain access to complementary products. Its customers gain more complete building solutions.

The collaborative effect compounds as participation grows. CfOC's Scaling Without Size research describes
the organizational principle behind this architecture: stable interfaces allow independent firms to coordinate
through loosely coupled federations and gain some advantages of scale while preserving organizational
autonomy.

The configurator turns that principle into a marketplace surface. A wall-panel manufacturer can specialize
in wall panels. A bathroom-pod manufacturer can specialize in bathrooms. A structural-system company
can specialize in structure. Software companies can specialize in configuration. The shared standards allow
these businesses to participate in a larger solution without requiring a single enterprise to own every
capability.

20



7. Research Agenda and Path to Adoption

The CfOC Configurator Project should now advance from a general call for marketplace software toward a
more specific research program.

7.1 Develop the CTO Configurator Specification

The principal new deliverable should be an open specification defining the minimum required and optional
behavior of a conforming CTO building configurator. The specification should address at least:

interface validation;

dimensional variants;
invalid-configuration handling;

price generation;

availability and fulfillment information;
treatment of residual ETO scope;

CTO Building Configuration output; and
conformance testing.

project datums;

catalog loading;

product permissions;
CTO parsing;

CIS resolution;

Registry communication;
placement constraints;
rotation constraints;

7.2 Support several independent pilot configurators

CfOC should encourage multiple software teams to implement the specification independently. The Center's
role can include:

e technical guidance; e introductions to manufacturers;
e access to beta specifications; e interoperability workshops; and
e access to a beta CTO Product Registry; e public visibility for conforming
e common test data; implementations.

The current Roadmap already anticipates multiple software platforms and manufacturers participating in
configurator pilots.

7.3 Build a common interoperability test

CfOC should develop a small reference marketplace specifically for testing. A first test set might include:

e one or more pods; e a stair or vertical-circulation product;

e wall panels; e atleast one open CIS interface;

e floor cartridges; e atleast one manufacturer-specific CIS interface; and
e roof panels; e clearly identified ETO placeholder scope.

Different configurators would attempt to produce the same valid Building Configuration. Their results could
then be compared systematically.
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7.4 Connect the project to the CTO Product Registry

The Configurator Project and Registry Project should develop together. The Registry provides the validation
and discovery services that allow independent configurators to rely upon shared digital records.

The Configurator Project gives the Registry concrete clients, with each project therefore helping define the
requirements of the other.

7.5 Maintain clear limits

The Configurator Specification should avoid claims beyond its technical function. A valid CTO Building
Configuration does not automatically establish:

code compliance;

engineering certification;

regulatory approval;

universal product interoperability;

construction-document completeness; or

elimination of architects, engineers, or other licensed professionals.

Current prototypes should likewise be described as research and early commercial demonstrations rather
than mature production software. The near-term claim is more specific and more useful: Independent
configurator investments can be aligned around shared product, interface, validation, and software rules.
Such alignment adds value to each participating firm's private investment while gradually producing the
network effects of a wider CTO marketplace.
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Conclusion

Manufacturers have long ago learned how to sell complex building products through software. The next
opportunity in AEC is to make those independent experiments interoperable.

The .CTO file provides a common language for describing products. The . CIS file provides a common
structure for declaring interfaces. The CTO Product Registry can provide a common trust layer. A CTO
Configurator Specification can define the minimum software behavior required to use those resources
together.

With that infrastructure, manufacturers can continue investing in the software that best serves their own
businesses while gaining access to a wider federation.

A customer can eventually open a configurator, establish the organizing datums of a building, load permitted
catalogs from multiple manufacturers, select pre-designed and pre-engineered products, and compose them
inside a bounded digital environment. Products that share valid interfaces can connect. Invalid relationships
fail before they generate prices or schedules. Residual ETO work remains visible for professional resolution.
The completed result becomes a CTO Building Configuration capable of supporting a quote, an order, and a
credible path to shipment.

That capability would give building-product manufacturers something mature CTO industries already take
for granted: a digital marketplace in which the rules of the products travel with the products.

The Center for Offsite Construction can help organize that marketplace by defining the minimum common

rules through which many manufacturers and many configurators can participate. The configurators can
remain distributed. Their marketplace will become stronger when shared.

23



Appendix 01: Relevant Diagrams & Figures

ETO Roles for the AEC industry

Architect Contractor Subcontractor Inspector End User

Drawings Agreements Shop Drawings Building Code As-Built Drawings
Bespoke, Licensed Bespoke, Negotiated Bespoke, Approved  Jurisdictional, Interpreted  Appliance Warranties

CTO Roles for the AEC industry

Configuring Builder Installer End User

» B &
X ; i) | QI,

4

Catalog Instructions Owners Manuals
Pre-certified Products Pre-engineers Interfaces Protected with Warranties

Figure Aa: The roles in a CTO workflow are reduced, less complex, and easy to adopt.
Reliance on pre-engineered products that work interoperably with industry-standard interfaces allow for simplicity and speed.
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Diagram Ab: Promotion of commodities into housing Products, with the on site and offsite labor scope of ETO vs CTO.
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Note that all Services are trade-based in Construction, delivered on-site at a maximum expense.

In contrast, Products convert Services into an MSRP offsite.
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Appendix 02: Glossary of Key Terms

Configure-to-Order (CTO) A fulfillment model in which customers create solutions by selecting and
arranging pre-designed products within manufacturer-defined rules.

CTO Building Configurator Software that allows a user to assemble valid building compositions from
pre-designed, pre-engineered CTO products while enforcing product and interface rules.

CTO Building Configuration A validated composition of registered CTO products arranged according to their
product and interface rules, supplemented where necessary by explicitly identified ETO scope.

CTO Product A discrete manufacturable building product defined by a manufacturer and represented
through a conforming CTO product record.

.CTO File A machine-readable file describing CTO products, assemblies, constraints, commercial
information, lifecycle data, and references to applicable interface standards.

.CIS File A machine-readable Configure-to-Order Interface Standard describing the rules governing a
connection between products.

CTO Product Registry The proposed shared trust infrastructure used to validate CTO/CIS records, product
identities, versions, interface references, provenance, and other defined marketplace claims.

Project Datum A designer-established reference used to organize a building configuration, such as a level,
structural line, panel location, or vertical-circulation zone.

Project-Defined / Requires Professional Resolution A portion of a configuration represented for
completeness but remaining outside the validated CTO product system and requiring downstream

project-specific professional work.

Product Platform Provider A manufacturer or product-platform owner responsible for defining, producing,
maintaining, and warranting a family of products.

Configurator Provider An organization that develops or operates software capable of creating CTO Building
Configurations.

Interface Standard Publisher An organization or manufacturer that authors and maintains a CIS interface
definition.

Registry Operator The organization responsible for operating the CTO Product Registry and applying its
defined digital-validation procedures.
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