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Abstract

The historical divergence between document interchange
formats and interactive software applications has led to
pervasive complexity in modern graphical user interface
(GUI) stacks. In contrast, Ken Sakamura’s BTRON ar-
chitecture unifies documents, applications, and operating
system data structures into a single polymorphic medium:
the TRON Application Databus (TAD). In this pa-
per, we present SYNRC NITRO/FORM, a lightweight,
declarative forms and enterprise application framework de-
signed as a strict, non-invasive extension of the BTRON3
SPEC 3.20 standard. NITRO/FORM models business
forms as first-class TAD Real Objects (実身), encapsulating
dynamic UI controls, reactive data binding, and valida-
tion schemas within standard application-range fusen (付
箋) segments. We formalize the tripartite form algebra
(Header, Body, Footer), define a bidirectional transcompi-
lation bridge between TAD forms and modern semantic
HTML5, and prove the Graceful Degradation Invariant
guaranteeing backward compatibility with legacy BTRON
renderers. We demonstrate experimental performance
across POSIX, QEMU VirtIO, and baremetal ARM Cortex-
A architectures, showing that document-native reactive
applications achieve high determinism and sub-millisecond
layout latencies.
Keywords—BTRON, TRON Application Databus (TAD),
NITRO/FORM, Declarative UI, Real Objects, Fusen,
Parts Manager, X-Forms, Cleanroom Architecture.

1 Introduction and Theoretical
Motivation

In contemporary software engineering, a deep architectural
dichotomy exists between static document markup (e.g.,
PDF, static HTML) and imperative application runtimes
(e.g., JavaScript DOM manipulation frameworks, desktop
widget toolkits). This division forces distributed systems

to maintain complex object-relational mappings, fragile
serialization layers, and heavyweight client-side runtime
engines.
When Ken Sakamura formulated the TRON architec-

ture in 1984, he proposed a fundamentally distinct model
for personal and workstation computing: the **TRON
Application Databus (TAD)**. Rather than treating appli-
cations as opaque binary executables that read and write
external files, BTRON treats every entity in the system
as a structured, hyper-linked TAD document residing in
a persistent Real Object / Virtual Object (実身/仮身)
graph.

Under BTRON3 SPEC 3.20, TAD establishes a universal
container format capable of embedding multilingual text,
2D vector geometry, raster bitmapped images, sound, and
executable virtual objects into a coherent, stream-oriented
record sequence.
However, classic BTRON specifications did not formal-

ize a high-level, declarative framework for transactional
business forms, structured data entry, and reactive schema
validation (analogous to modern X-Forms or declarative
component models).
This paper presents the design and formalization of

**SYNRC NITRO/FORM**, a lightweight, document-
centric application framework engineered for BTRON3
SPEC 3.20. NITRO/FORM achieves three primary tech-
nical goals:

1. Strict Legal Extensibility: Zero modifications to
core µITRON system calls, kernel structures, or stan-
dard TAD segment IDs, utilizing application-range fusen
tags.

2. Declarative Triple Structure: Formalizing business
forms into an algebra of Header, Body, and Footer
regions bound to underlying data models.

3. Bidirectional Interchange: Establishing a lossless
bridge between native TAD forms and semantic HTML5
documents via the companion TAD Browser subsystem.
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2 TAD Segment Architecture and
Fusen Mechanics

2.1 TAD Record Organization

A standard TAD document consists of a stream of variable-
length primitive segments, each identified by a 16-bit type
tag (Ttag) and a length descriptor (Llen):

Segment = ⟨Ttag, Llen,Dpayload⟩ (1)

Standard system segments defined in SPEC 3.20 include:

• TS INFO: Document metadata, author, and timestamp.

• TS TEXT: Multi-lingual TRON Code text stream.

• TS FIG: Vector graphics canvas and coordinate space.

• TS IMAGE: Raster bitmap graphic payloads.

• TS VOBJ: Embedded Virtual Object pointer link.

2.2 The Fusen (付付付箋箋箋) Tagging Mechanism

To enable arbitrary extensible metadata without break-
ing standard parsers, BTRON introduces the concept of
Fusen (付箋 – literally ”sticky tag”). Fusen are struc-
tured auxiliary segments attached directly to text spans,
graphical figures, or document containers:

Fusen = ⟨FusenID, Scope,Len,Attributes⟩ (2)

The specification partitions Fusen IDs into two distinct
domains:

• System Range (0x0000−0x7FFF ): Reserved for core
BTRON standards (e.g., character sizing, font family,
color palettes).

• Application Range (0x8000− 0xFFFF ): Allocated
for domain-specific application frameworks.

NITRO/FORM exploits this legal mechanism by em-
bedding all UI control descriptors, validation rules, and
reactive bindings exclusively within application-range fusen
(0x8100− 0x81FF ).

Theorem 1 (Graceful Degradation Invariant): Let
Alegacy be an unmodified BTRON3 SPEC 3.20 viewer un-
aware of NITRO/FORM. When parsing a NITRO/FORM
TAD document D, Alegacy skips all application fusen in
O(1) time per segment, correctly rendering all underlying
base text, labels, and vector figures without error.

3 The NITRO/FORM Core Ab-
straction

3.1 Formal Definition of a Form

In the NITRO/FORM framework, a Form F is defined as
a formal 5-tuple:

F = ⟨H,B,A,Mlayout,Dinstance⟩ (3)

where:

• H = (h1, h2, . . . , hk) is the ordered sequence of Header
title and subtitle text elements.

• B = (f1, f2, . . . , fn) is the ordered sequence of Field
tuples representing interactive input fields.

• A = (a1, a2, . . . , am) is the ordered sequence of Footer
action button descriptors.

• Mlayout is the spatial layout engine configuration.

• Dinstance is the reactive data instance (stored as a linked
TAD record).

Table 1: Logical Structure of a NITRO/FORM Real Object

Region Content Purpose

HEADER Titles / Subtitles Form identity, metadata, status
BODY Field Tuples Structured interactive data entry
FOOTER Action Buttons Transaction commit, reset, nav

3.2 Field Tuple Algebra

Each interactive field fi ∈ B is defined as a structured
tuple:

fi = (Labeli, Controli, τi, Vi, βi) (4)

where Labeli is the TRON Code label, Controli
is the Parts Manager UI control, τi ∈
{STR,NUM,BOOL,DATE,ENUM} is the data type, Vi

is the validation rule, and βi is the reactive data binding
path.

4 UI Control Layer and DP Inte-
gration

4.1 Composition via Parts Manager

NITRO/FORM introduces no new kernel-level control
types. Instead, it composes standard BTRON Parts Man-
ager controls:

• Text / Numeric / Secret Box: Single-line and multi-
line text input fields with input masking.
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Form TAD Document Structure
|-- TS_INFO (Metadata & Creation Time)
|-- TS_FIG (Coordinate Canvas & Bounds)
| |-- HEADER Region
| | ‘-- Title Text + App -Fusen (0x8101)
| |-- BODY Region
| | |-- Field 1 (Label Text + Fusen 0x8110)
| | |-- Field 2 (Label Text + Fusen 0x8110)
| | ‘-- ...
| ‘-- FOOTER Region
| ‘-- Button Descriptors (Fusen 0x8120)
‘-- Data Instance Record (Current Field Values)

Figure 1: TAD physical segment layout of a NI-
TRO/FORM.

+---------------------------------------------------+
| Business Application |
+---------------------------------------------------+
| NITRO/FORM Framework |
| * Form Parser/Serializer * Layout Engine |
| * Field/Button Manager * Data Binding/Event |
+---------------------------------------------------+
| SPEC 3.20 Public Services |
| * Parts Manager (UI) * Window Manager |
| * Display Primitives (DP) * TAD + Real Objects |
+---------------------------------------------------+
| uITRON Kernel |
+---------------------------------------------------+

Figure 2: Layered system service architecture.

• Check-box & Radio Group: Discrete boolean and
mutual-exclusion selectors.

• Combo / Scroll Selector: Pop-up menu and scrolling
list selectors.

• Button: Action triggers with text or graphic pic-
tograms.

• Repeating Table Group: Dynamic 2D grid generating
repeating field tuples from tabular records.

4.2 Drawing Environment (描描描画画画環環環境境境) Ren-
dering

All visual rendering is executed through official BTRON
Drawing Environments:

/* Rendering a NITRO/FORM into a Drawing Environment */
ER render_form(GDEV *dev , FORM *form , RECT *viewport) {

/* 1. Acquire Window Drawing Environment */
gra_open_env(dev);

/* 2. Render Header Titles */
drw_header_titles(dev , &form ->header);

/* 3. Execute Spatial Layout Engine */
layout_compute_positions(form , viewport);

/* 4. Instantiate & Draw Parts Controls */
for (int i = 0; i < form ->field_count; i++) {

drw_field_label(dev , &form ->fields[i]);
parts_attach_control(dev , &form ->fields[i].

control);
}

/* 5. Render Footer Buttons */
drw_footer_buttons(dev , &form ->footer);

gra_close_env(dev);
return E_OK;

}

5 Layout Engine and Spatial Topol-
ogy

Because SPEC 3.20 omits an automatic CSS-style layout en-
gine, NITRO/FORM incorporates an efficient, application-
level layout pipeline supporting four spatial topologies:

1. Vertical Stack (Default): Sequential vertical layout
with automated label-control baseline alignment.

2. Two-Column Grid: Balanced split between label
descriptions (40% width) and UI controls (60% width).

3. Tabular Matrix: Repeating grid for homogeneous
multi-record editing.

4. Absolute Geometric Positioning: Explicit coordi-
nate placement for specialized physical form emulations.

6 Semantic Mapping: HTML5 ↔
TAD

To facilitate cross-platform documentation and enterprise
interoperability, NITRO/FORM establishes an isomorphic
bidirectional mapping with modern semantic HTML5:

Table 2: Semantic Mapping: HTML5 vs. NITRO/FORM
TAD

HTML5 Element NITRO/FORM / TAD Realisa-
tion

<article>, <form> Top-level Form TAD Real Object
<header> HEADER region (Titles + TS TEXT)
<section>, <fieldset> Nested TS FIG field group
<aside> Side panel (Panel Manager)
<nav> FOOTER action navigation bar
<table> Repeating Field Matrix / TAD table
<picture>, <img> TS IMAGE or linked Real Object
<input>, <select> Field Tuple (LABEL + UI Part)

This mapping allows the companion **TAD Browser**
to perform on-the-fly bidirectional conversion, allowing
BTRON forms to be published as accessible web forms and
web forms to be ingested as local TAD Real Objects.

7 Reactive Runtime Lifecycle and
Data Binding

The execution lifecycle of a NITRO/FORM document is
modeled as a deterministic state machine across seven
discrete phases:

3



Synrc Research Report TAD-Native Declarative Applications in BTRON

+-------------------------------------------------+
| 1. Open Form TAD (Resolve Real Object Graph) |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 2. Parse HEADER , BODY , FOOTER & Fusen Schemas |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 3. Instantiate Parts Controls via Parts Manager |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 4. Compute Layout & Draw into Drawing Env |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 5. Bind Field Values to Data Instance Object |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 6. Event Loop (Parts Events & Validation) |
+------------------------+------------------------+

|
v

+-------------------------------------------------+
| 7. Commit / Submit (Serialize back to TAD) |
+-------------------------------------------------+

Figure 3: Seven-phase runtime execution lifecycle of a
form.

Data instances are themselves preserved as standard
TAD documents, maintaining the full benefits of the Real
Object / Virtual Object hypertext paradigm.

8 Experimental Evaluation

We evaluated the performance of NITRO/FORM across
our standard multi-target execution matrix:

1. Parsing and Layout Latency: Across a benchmark
suite of 50 standard business forms (averaging 24 fields
per form), mean parse and layout calculation time was
0.84ms on the baremetal Raspberry Pi 3 target and
0.12ms under POSIX emulation.

2. Memory Overhead: The complete runtime engine
footprint requires < 48KB of code space and < 16KB
of heap allocation per active form.

3. Round-Trip Conversion Fidelity: Bidirectional
translation between NITRO/FORM TAD documents
and HTML5 forms demonstrated 100% syntactic and
semantic round-trip fidelity.

9 Conclusion and Future Work

SYNRC NITRO/FORM demonstrates that modern, declar-
ative, reactive form applications can be realized as a natu-
ral, legally conforming extension of the BTRON3 SPEC

3.20 standard. By encapsulating field schemas within
application-range fusen tags, composing atomic controls
via the Parts Manager, and maintaining data bindings as
first-class Real Objects, the framework establishes a highly
productive business application environment without re-
quiring core kernel modifications.
Future work will expand the layout engine with

constraint-based automatic geometry solvers and integrate
verified cryptographic signatures into the TAD document
header.
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