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What’s the difference between a mathematician
and a computer scientist?

Mathematicians love mathematics,
and computer scientists hate computers.




About the Speaker

» Working in industry since 1994
* Former Sierra, Apple, Naughty Dog

* Running own business since 2005
» C4 Engine
 Slug Library
- Radical Pie

* Writes books, occasionally teaches
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About This Talk

» Case study of productivity software built from scratch
* Discusses high-level software architecture of Radical Pie
 Highlights minimal dependencies, homegrown tech

* Focuses on quality, usability, compatibility




About Radical Pie

« Radical Pie is a professional equation editor
* Runs as standalone application on Windows 10/11
* Integrates with Microsoft Word through OLE
* Fully WYSIWYG with instant in-place results

* Operates in MATH, CHEM, and TEXT modes
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Drawing and Annotation Tools
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roperties Dialogs
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Arrow Builder
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Chemical Bond Builder
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Motivation for Making Radical Pie

o Just use LaTeX!

* Most people who make that comment weren’t born yet when |
started using LaTeX in the early 90s.

« LaTeX was designed in the 1980s for the computers of the time.

* Predates Unicode
* Predates TrueType fonts

 We can do a lot better now




LaTeX

* LaTeX Is a complex markdown language

* You write code, and it goes through a compiler

* You find out you have errors like unmatched braces
* Or an equation doesn’t appear as intended

* You fix the problems and repeat the cycle



LaTeX

« LaTeX is missing lots of stuff

* [f what you want isn’t in there, you'll be spending time
hunting for the right packages

* Then you'll be dealing with conflicts, font limitations, etc.

* This all takes away from time you could be spending getting
actual work done




LaTeX in MathJax

» Actual equation from PGA website:

1Qll, = y/QvQ=1,/Q% + Q% + Q% + Qk

e LaTeX code:

$$\left\Vert\mathbf Q\right\Vert_\unicode["segoe ui symbol"}{x25CB} = \sqgrt{\mathbf Q
\mathbin{\unicode["segoe ui symbol"|{x27C7}} \smash{\mathbf{\underset{\Large\unicode{x7E}{Q}}}
\vphantom{\mathbf{\tilde Q}}} = {\large\unicode{x1D7D9}N\sqrt{Q_{vx}*2 + Q_{vy}"*2 + Q_{vz}*2 + Q_{vw}"2}$$




LaTeX Tediousness

» Takes 7—8 minutes to enter this LaTeX code
« Assuming you already know how to do the things you want to do
« Assuming you don’t need to look up any Unicode values
* Including time spent correcting errors

$$\left\Vert\mathbf Q\right\Vert_\unicode["segoe ui symbol"}{x25CB} = \sqgrt{\mathbf Q
\mathbin{\unicode["segoe ui symbol"|{x27C7}} \smash{\mathbf{\underset{\Large\unicode{x7E}{Q}}}

\vphantom{\mathbf{\tilde Q}}} = {\large\unicode{x1D7D9}\sqrt{Q_{vx}*2 + Q_{vy}*2 + Q_{vz}*2 + Q_{vw}"2}$$

1Ql, = y/Q v Q=1,/Q% + Q% + Q% + Qk



LaTeX Tediousness

« Same equation entered with Radical Pie GUI in 35 seconds:

IQl,=/QvQ=1,/Q%+ @+ Q.+ Qb

« MathJax output for comparison:

1Ql, = y/Q v Q=1,/Q% + Q% + Q% + Qk




LaTeX Usability

» Extremely error-prone

* Inconsistent package support across implementations

* Not WYSIWYG

* Yes, there are instant-compile wrappers, but you're still writing code,
not editing visually in place

« Worst of all, there is no discoverability of available features




Visual Equation Editors

» Writing code for equations is like drawing diagrams with text
containing the vertex coordinates for different shapes

* You can do this, and you'll have full control, but it's extremely
tedious, error-prone, and time-consuming

* Most people would prefer to just get their real work done!




Visual Equation Editors

* Visual equation editors have been around for a long time
* There are lots of options to choose from today

* However, almost all of them are shit
« Low-quality equation layout
« Poor usability
* Poor interoperability
* Missing features
* Buggy as hell

* People get the impression that there are no good solutions
 Brings us back to “Just use LaTeX"




MathType

* Pro version of equation editor shipped with Word in 90s
 Comprehensive feature set
« High-quality output

« Excellent integration with Microsoft Word




MathType

* | started using MathType with Word around year 2000
 Vastly more productive compared to LaTeX

* Proficiency with MathType and Word style system was enough
to produce highly professional results

* Helped to know what parts of Word to avoid




MathType + Word

» Used to typeset final print proof for these books:
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MathType Demise

« 20 years ago, MathType was da bomb
« Somewhere around 2010, it stopped getting significant updates
* Design Science sold to Wiris in 2017

« MathType was replaced by an inferior application that was then
rebranded as MathType




MathType Limitations

» Outdated Unicode support
« Confused by fonts with characters outside BMP

» Copy/paste to other applications not always successful
* No support for simple equation boxing
 Certainly no support for drawings and annotations

« GUI showing its age




Office Math

« Starting in 2007, Microsoft Office has shipped with its own
iIntegrated equation editor

* It's clunky, buggy, slow, ugly, and has a limited feature set

* |t can only use fonts containing a MATH table
 Inexcusable failure of both engineering and management
* For most users, this forces the Cambria font (but a few others exist)

* Good Unicode support, though!




Needed Features

 Full Unicode support

* Native drawing tools
« Had to copy equation to lllustrator, draw boxes, arrows, annotations
* Then paste result into Word as SVG picture -- gets wrong DPI
* No longer live, editable equation -- had to start over to make changes
« Could do simple box in Word, but required hacks and was buggy

* Even better output quality and control over appearance

* Recognition of surrounding font size in Word




Needed Features
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Needed Features

* A modern graphical equation editor with all these features
did not exist

* |If | wanted it, then | would have to build it myself
 Fortunately, this kind of application is right up my alley

 Didn’t hurt that | spent the previous 8 years working on what
would be essential equation editor functionality: font rendering
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Design Goals for Radical Pie

* 100% graphical interface with full feature discoverability

* Highest possible output quality
« Always matching or exceeding LaTeX

* Robust copy/paste to other applications

* Robust save to SVG / PDF formats

« Seamless integration with Microsoft Word
* Deep customizability




Radical Pie Timeline

* Proof of concept begun September 4, 2024.
* Full-time development begun in December 2024.
* Version 1.0 released October 27, 2025.

* Now on version 1.12, as of July 2026.




Code Stats

* New application-specific code 110 KLOC
» Math / container libraries 45 kLOC
 Slug library 39 kLOC
* Total 194 KLOC

e Builds in 7.0 sec in Visual Studio on 12-core CPU

43 source files,
light comments

78 source files,
heavy comments

14 source files,
light comments



Basics

* 100% C++ “lite”
* No standard library
* No exceptions / RTTI

* Interfaces directly with minimal Win32 API surface

* Window creation / message pump
 Menu handling / accelerators
« COM / OLE for Microsoft Word interop

« D3D11 render target / swap chain for all window contents




Exhaustive List of External Dependencies




Window Contents

* All contents rendered as vector graphics on the GPU
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Dialog Boxes

 Dialogs get their own swap chains

» Radical Pie contains its own custom widget library

* All widgets rendered as vector graphics on GPU

 Avoids bloat of OS Ul libraries, keeps DLL dependencies low

* Will make porting to other platforms much easier




Widgets

o Static text

» Editable text HENEO
* Pushbutton = E E E
» Scroll bar e E0EE
» Check box red [ T 20
» Color box reen D ' | 192
+ List box e =
 Slider | |

e Line, rect, fill, ... oedtacory Pelete RIS IOl _Corce




Slug Library

State-of-the-art font rendering
Also renders vector graphics

* Handles all rendering in RP

« Responsible for parsing
TrueType / OpenType fonts

* slugfont tool runs as separate
process to import font data

U

The Slug Algorithm
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Slug Library
* Essential core technology already complete and mature

 Slug Library is statically integrated into application
 Has no dependencies whatsoever
* Doesn'’t even allocate memory

* | estimate it would have taken two additional years to make
Radical Pie if Slug had not already existed




Font Handling

« Radical Pie makes use of Slug’s font mapping features
« Multiple fonts from a master list can be specified for each style

Font Manager X
Master Font List Style Mapping
0 radical For each style, enter up to four font numbers separated by commas.
1 times Change... Remove List fonts in order from most preferred to last resort.
2 timesi Change... Remove Upright 0,1,7,5 Script 6
3 timeshd Change... Remove Italic 0,2,7,5 Bold Script 6
4 | timesbi Change... Remove Bold 0,3,7.5 Fraktur 6
5 STIX2Math Change... Remove Bold Italic 0,4,7,5 Bold Fraktur 6
6 cambria Change... Remove Greek Upright 17,5 Double-Struck 6
7 | seguiemj Change... Remove Greek Italic 275 Sans-Serif Upright 6
8 — Change... Remove Greek Bold 37,5 Sans-Serif Italic 6
9 — Change... Remove Greek Bold Italic 4,75 Sans-Serif Bold 6
10 | — Change... Remove Symbol 1 0,57 Sans-Serif Bold Italic 6
M — Change... Remove Symbol 2 0,57
12 — Change... Remove Iteration Symbol 01,57
13| — Change... Remove Integral Symbol 01,57
14 — Change... Remove
15 — Change... Remove
Load Factory Defaults (") Make default for new equations OK Cancel




Nontextual Pieces of an Equation

» Stretchy parentheses, brackets, braces, etc.

* Wide marks above / below expression

« Radicals, quotients, fraction bars, boxes, strikeouts
 Arrows, chemical bonds

* Integrals

» Radical Pie generates new Bézier curves for these as needed
« Overlapping pieces in technical fonts not used at all
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Robust Copy / Paste

* Need to have reliable copy / paste into other applications
* PowerPoint slides
* |llustrator diagrams
* Video editors

* Most applications have serious problems with fonts, spacing,
alignment, etc.

« Equation stored on clipboard in EMF and SVG formats




Robust Copy / Paste

» Radical Pie outlines everything so copied graphics are just
a list of filled paths with solid colors

« Convenient when equations moved to another machine
that may not have original fonts installed

* Word documents containing Radical Pie equations still display
and print correctly without original fonts




Copy / Paste Example

Radical Pie MathType | LaTeX (MathJax) Office
abcde abcde abcde abcde
Original
ab(}de not available not available not available
Copy/paste -
o lustrator abcde %d@ abcde™ apcae




Equation Structure

« Equations naturally form trees
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* Tree is a collection of nodes
« Each node has list of subnodes

Gr

Fr

-+

ac

Gr




Equation Node Types

o Al

o Ar
* Bd
oBg
 Br
o BX
e Dv
 En
e Fr
o Gr
* |n

o |t

o Kt

Aligner
Arrow
Bond
Begin
Bracket
Box
Division
Enclose
Fraction
Group
Integral
lteration
Strike

Mk
o MXx
oNg
* Ph
* Pr
* Rd
« Sb
¢ Sc
o S
oSp
o St
« Wm

Mark
Matrix
Negate
Phantom
Prime
Radical
Symbol
Script
Slash
Space
Stack
Widemark



Laying Out an Equation

* Equation tree is traversed

« Subnodes processed before parents

« Parent nodes know how large subnodes are

* Parent nodes determine positions of subnodes

* Lots of special processing going on



Laying Out an Equation

« Example: Iteration has up to 3 subgroups
« Summand itself
* Lower limit
« Upper limit

* Must know sizes of limits before you know where to

put summand
Q0
A
2




Role and Style

* A “symbol” is the smallest piece of an equation
A variable or function
* An operator or relation
 Aliteral number
» Atext label

» Every symbol has a role and a style

* One symbol can consist of several adjacent characters
having the same role and style




Role and Style

* The style determines how a symbol appears
« Upright, italic, bold, double-struck, script, fraktur, etc.
« Selects font mapping

* The role determines how a symbol behaves
* Mathematical name, chemical element, physical units
« Operator, relation, number, arrow, bond, etc.
« Affects spacing

 Style also determines whether italic corrections are applied




Drawing Objects and Annotations

» Drawing objects and annotations reside at top level of tree
« Drawing objects can be in background or foreground

Background Drawings

Main Equation Group

Root

Annotation Groups

Foreground Drawings

Render Order




Drawing Objects and Annotations

« Equation nodes, drawing objects, and annotations
all have anchors of various types

 Top-level groups have special anchors called “rails”
* All drawing objects are attached to two anchors

 All annotations are attached to one anchor



Anchors

* Anchors appear when drawing tool active
* Too many anchors in entire equation to show all at once

» Subset is displayed depending on what group contains caret




Anchors

* Displayed anchors depend on what group contains caret

dical Pie =
Group Role Style
)
/o B0 —— <— —— n
~ )~ ~ ~ ~ )~ ~ 1~ ~ )~ ~

Lo(ps o) = Le(p, o) + L Jo(p, @i, @) Li(p, @;)(n - ;) dev -

’ Lo(pa 0)0) = Le(p9 0)0) +

11 pt




Anchors

* Matrices advertise many more anchors




Node Graph

« Connections among drawings, annotations, and equation nodes
constitute a directed graph

File E‘:’tgis:j:::::ieGroup Role Style Drawing View Settings : = = = QF.SVQ,T?:.BOI - roup Role Style Drawing View Settings
[}-{v‘6ﬂaooho"ix¢£ﬂez"u“1il()—f2f_V(—_>\:— %-{vjéﬂ@ooho’ix#éﬂe?l;;ﬂil()—\fzf_HA(__)\:—
discriminant discriminant
I i
| |
| |
v X BN M
b++/b*—4ac b++/b:=4ac
—0 T — adC —0D — adcC
. x f— - ) . . x f— _ .

2a N | e 2a




Node Graph

 Relations in graph
called “connectors”

« Each carries anchor

type and index in
node it connects to

Gr < xxx!, 5
anno, 1
Bg = Fr
Y
Ln
Gr Gr
edge, 3
Bg || - + || Rd Bg || 2
Y
Rr
Gr
0,0 0,1
Y
Bg b Sc - 4 ac
Gr




Tree and Graph

» Every node belongs to the tree
« Some nodes will belong to the graph as well
» Special intrusive base classes handle each of these

« Graph relations have lightweight Connector class




Node Deletion

* When a node is deleted, the base classes automatically
remove it from the tree and the graph

* Any connectors attached to the node are deleted

* We don’t want disconnected nodes in the graph

* Drawing objects and annotations always have to be attached to
something in an equation




Node Deletion

» Before base class destructors run, we iterate through all
Incoming connectors and delete the node on the other end

* We must be careful when doing this because deleting a node
can auto-delete any number of incoming connectors

 Solution is to collect all the incoming connectors in a list first,
and then keep deleting first connector in list until none left

 When connector is deleted, it auto-removes itself from list



Serialization Format

* Obviously, we need a way to save and reload equations
* Not only for saving files, but for storing undo / redo snapshots
* Format needs to capture tree and graph structures

* Preferably text-based to make embedding easy in other
formats like SVG




OpenDDL

» General data description
language

* Developed in 2013 for Open
Game Engine Exchange format
OpenGEX)

» C-like syntax with braced arrays
« Same int, FP, hex / binary syntax
« Same escape characters
« Same comments

en Data Description Language

openddl.org

structure data-list

structun

type (

data-type

ta nan
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decimal-literal

octal-literal
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OpenDDL

 Strongly typed
* b, bool (false, true or 0, 1)
* i8, 116, 132, i64, int8, int16, int32, int64
u8, u16, u32, ub4, uint8, uint16, uint32, uint64
h, f, d, half, float, double (or float16, float32, float64)
s, string (always UTF-8)
r, ref (links to other structures)
t, type (for schemas)
Z, base64

» Parser enforces proper types for data elements




OpenDDL

 Application defines custom structures and provides validation
functions for their relationships

-0 00 .0

 Structures form an implicit tree

» Custom structures can have properties, convenient for
storing object states




Serialized Equation

Gr

{
Bg {}
Sb {S{"Xll}}
Sb (ro="rltn") {s{"="}}
Fr

{

Gr (t='numr’)

{
Bg {}
Sb (ro='oper’) {s{"-"}}
Sb {S{"bll}}
Sb (ro='oper") {s{"+"}}
Rd

{ Gr 2
{ —bt+b"—4ac
b by — —
Sc x -
{ {Gr (t="sups') 2a
Bg {}
} Sb (ro='"nmbr') {s{"2"}}

}Sb (ro="oper') {s{"-"}}
Sb (ro="nmbr') {s{"4"}}
Sb {s{"ac"}}
}
}

}Gr (t='"dnom’)
{
Bg {}

Sb (ro="nmbr’) {s{"2"}}
Sb {s{"a"}}




Anchor References

Rr$_0 (ffpi=11,r=1)
{
X

{ ref{$_3,$_4}
u32{0,0}
i32{0,1}

}

}
Ln$_1 (s,d=2,spi=7,es="arr2',0s="shrt')
{

X

ref{$ 0,$ 2}
u32{edge’, xxx!'}
i32(3,5)

}
Gr$ 2
{
Bg {}
Sb {s{"x"}
Sb (ro='rltn") {s{"="}}
Fr

{

Gr (t="numr’)

{

Bg {}

Sb (ro="oper’) {s{"-"}}
Sb {s{llbll}}

Sb (ro='oper') {s{"+"}}
Rd

{
Gr

Bg$ 3{}
Sb {s{"b"}}

Sc
Gr (t="sups')

Bg {}
Sb (ro="nmbr) {s{"2"}}

}Sb (ro="oper’) {s{"-"}}
Sb (ro="nmbr") {s{"4"}}
Sb $_4 {s{"ac"}}
}
}

]ér (t="dnom’)
Bg {}

Sb (ro="nmbr") {s{"2"}}
Sb {s{"a"}}

}
Gr (as=0.75,t="anno',al="cent’)

Bg {} o
Sb (ro="text') {s{"discriminant"}}
X

{ ref{$_1}
u32{'anno'}
i32{1}

}

discriminant




Embedding

 Native .pie file just contains OpenDDL

« Same OpenDDL text is embedded in SVG, PDF, and EMF
formats as special comment

 Those comments are extracted when user opens SVG,
PDF, or EMF file, restoring a fully-editable equation




<svg width="85.5414886pt" height="29.0pt" viewBox="0.0 -20.0 85.5414886 29.0" version="1.1" xmIns="http://www.w3.0rg/2000/svg">

<title>Radical Pie Equation</title>
- SVG Format
Gr

{
Bg{}

Sb {s{"x"}}
Sb (ro="rltn’) {s{"="}}
Fr
{ Gr (t="numr’)
Bg{}
Sb (ro="oper’) {s{"-"}}
Sb {s{"b"
Sb (ro="oper') {s{"+"}}
Rd
{
Gr
Bg{}
Sb{s{'b"}
Sc

- OpenDDL comment

Bg {}
Sb (ro="nmbr) {s{"2"}}

oper') {s{"~"}}
ro="nmbr’) {s{"4"}}
Sb {s{"ac}}

}

Gr (t='dnom’)

Bg {}
Sb (ro="nmbr) {s{"2"}}
Sb{sta)

}

}

L -

<path d="M2.293457,-4.8608398 Q2.5566406,-4.5815429,2.6909179,-4.302246 Q2.7875976,-4.1088867,3.0078125,-3.2871093 Q3.4804687,-3.9960937,3.4804687,-3.9960937 Q3.668457,-4.2539062,3.9370117,-4.4875488
Q4.2055664,-4.7211914,4.4096679,-4.8071289 Q4.5385742,-4.8608398,4.6943359,-4.8608398 Q4.9252929,-4.8608398,5.0622558,-4.7373046 Q5.1992187,-4.6137695,5.1992187,-4.4365234 Q5.1992187,-4.2324218,5.1186523,-4.1572265
Q4.9682617,-4.0229492,4.7749023,-4.0229492 Q4.6621093,-4.0229492,4.5332031,-4.071289 Q4.2807617,-4.1572265,4.1948242,-4.1572265 Q4.0659179,-4.1572265,3.8886718,-4.0068359 Q3.555664,-3.727539,3.09375,-2.927246
Q3.5341796,-1.0795898,3.5341796,-1.0795898 Q3.6362304,-0.6552734,3.7060546,-0.5720214 Q3.7758789,-0.4887695,3.8457031,-0.4887695 Q3.958496,-0.4887695,4.1088867,-0.6123046 Q4.4042968,-0.859375,4.6137695,-1.2568359
Q4.8017578,-1.1601562,4.8017578,-1.1601562 Q4.4633789,-0.5263671,3.9423828,-0.1074218 Q3.6469726,0.1289062,3.442871,0.1289062 Q3.1420898,0.1289062,2.9648437,-0.2094726 Q2.8520507 - 0.41 89453,2.4975585,-2.0141601
Q1.6596679,-0.5585937,1.1547851,-0.1396484 Q0.8271484,0.1289062,0.520996,0.1289062 Q0.3061523,0.1289062,0.1289062,-0.0268554 Q0.0,-0.1450195,0.0,-0.34375 Q0.0,-0.520996,0.118164,-0.6391601 Q0.2363281,-0. 7573242 0.4082031,-0.7573242
Q0.5800781,-0.7573242,0.7734375,-0.5854492 Q0.9130859,-0.461914,0.9882812,-0.461914 Q1.0527343,-0.461914,1.1547851,-0.5478515 Q1.4072265,-0.7519531,1.8422851,-1.4287109 Q2.2773437,-2.1054687,2.41162 406:
Q2.0786132,-3.7114257,2.0517578,-3.786621 Q1.9282226,-4.1357421,1.7294921,-4.2807617 Q1.5307617,-4.4257812,1.1440429,-4.4257812 Q1.0205078,-4.4257812,0.859375,-4.415039 Q0.859375,-4.6083984,0.859375,-4. 6083984
Q2.293457,-4.8608398,2.293457 -4.8608398 Z"/>

<path d="M7.912218,-4.0766601 Q13.5518665,-4.0766601,13.5518665,-4.0766601 Q13.5518665,-3.555664,13.5518665,-3.555664 Q7.912218,-3.555664,7.912218,-3.555664 Q7.912218,-4.0766601,7.912218,-4.0766601 Z M7.912218,-2.0625
Q13.5518665,-2.0625,13.5518665,-2.0625 Q13.5518665,-1.5415039,13.5518665,-1.5415039 Q7.912218,-1.5415039,7.912218,-1.5415039 Q7.912218,-2.0625,7.912218,-2.0625 Z"/>

<path d="M16.1969337,-2.5505638 Q83.7081604,-2.5505638,83.7081604,-2.5505638 Q83.7081604,-3.071536,83.7081604,-3.071536 Q16.1969337,-3.071536,16.1969337,-3.071536 Q16.1969337,-2.5505638,16.1969337,-2.5505638 Z"/>

<path d="M22.4476928,-9.8555374 Q22.4476928,-9.3345413,22.4476928,-9.3345413 Q16.8080444,-9.3345413,16.8080444,-9.3345413 Q16.8080444,-9.8555374,16.. 5080444 -9.8555374 Q22.4476928,-9.8555374,22.4476928,-9.8555374 Z"/>

<path d="M25.82263,-14.4209671 Q24.7645244,-10.7095413,24.7645244,-10.7095413 Q25.2801494,-11.2466506,25.6641826,-11.4453811 Q26.0482158,-11.6441116,26.4671611,-11.6441116 Q27.0579814,-11.6441116,27.433958,-11.2520217
Q27.8099346,-10.8599319,27.8099346,-10.1885452 Q27.8099346,-9.3237991,27.3157939,-8.4671096 Q26.8216533,-7.6104202,26.0750713,-7.1323928 Q25.3284893,-6.6543655,24.6033916,-6.6543655 Q23.7923564,-6.6543655,22.9383525,-7.2612991
Q24.571165,-12.8848342,24.571165,-12.8848342 Q24.7591533 -13.5347366,24.7591533 -13.6475296 Q24.7591533,-13.787178,24.6732158,-13.8570022 Q24.5496807,-13.9536819,24.3079814,-13.9536819 Q24.1951885,-13.9536819,23.9642314,-13.9160842
Q23.9642314,-14.1201858,23.9642314,-14.1201858 Q25.82263,-14.4209671,25.82263,-14.4209671 Z M23.7440166,-7.2022171 Q24.281126,-6.9068069,24.6893291,-6.9068069 Q25.1619853,-6.9068069,25.6695537,-7.2532424
Q26.1771221,-7.599678,26.5504131,-8.4214553 Q26.9237041,-9.2432327,26.9237041,-10.0811233 Q26.9237041,-10.5752639,26.6793193,-10.8545608 Q26.4349346,-11.1338577,26.1019268,-11.1338577 Q25.602415,-11.1338577,25.1243877,-10.7337112
Q24.6463603,-10.3335647,24.4422588,-9.6192092 Q23.7440166,-7.2022171,23.7440166,-7.2022171 Z"/>

<path d="M33.3642425,-13.5830764 Q33.8852386,-13.5830764,33.8852386,- 13 5830764 Q33.8852386,-11.0318069,33.8852386,-11.0318069 Q36.4365081,-11.0318069,36.4365081,-11.0318069 Q36.4365081,-10.5108108,36.4365081,-10.5108108
Q33.8852386,-10.5108108,33.8852386,-10.5108108 Q33.8852386,-7.9595413,33.8852386,-7.9595413 Q33.3642425,-7.9595413,33.3642425,-7.9595413 QSS 3642425,-10.: 5108108 33.3642425,-10.5108108 030 7968597,-10.51 08108 30.7968597,-10.5108108
Q30.7968597,-11.0318069,30.7968597,-11.0318069 Q33.3642425,-11.0318069,33.: 3642425 11.0318069 Q33.. 3642425 3.5830764,33.3642425,-13.5830764 Z M36.4365081,-7.3042678 Q30.7968597,-7.3042678,30.7968597,-7.3042678

0.7968597,-6.7832717,30.7968597,-6.7832717 Q36.4365081,-6.7832717,36.4365081,-6.7832717 Q36.4365081,-7.3042678,36.4365081,-7.3042678 Z"/>

<path d="M38.9745407,-10.2760095 Q39.177864,-9.9423484,39.177864,-9.9423484 Q39.9083404,-10.3874769,39.9083404,-10.3874769 Q41.9703521,-5.0263271,41.9703521,-5.0263271 Q42.3846168,-5.0263276,42.3846168,-5.0263276
Q46.8273658,-18.5626335,46.8273658,-18.5626335 Q83.0970458 -18.5626335,83.0970458,-18.5626335 Q83.0970458,-19.0836067,83.0970458,-19.0836067 Q46.4500389,-19.0836067,46.4500389,-19.0836067 Q42.2835273,-6.3889441,42.2835273,-6.3889441
Q40.4440612,-11.1714859,40.4440612,-11.1714859 Q38.9745407 -10.2760095,38.9745407 ,-10.2760095 Z"/>

<path d="M49.8130187,-14.4209671 Q48.7549133,-10.7095413,48.7549133,-10.7095413 Q49.2705383,-11.2466506,49.6545715,-11.4453811 Q50.0386047,-11.6441116,50.45755,-11.6441116 Q51.0483703,-11.6441116,51.4243469,-11.2520217
Q51.8003234,-10.8599319,51.8003234,-10.1885452 Q51.8003234,-9.3237991,51.3061828,-8.4671096 Q50.8120422,-7.6104202,50.0654602,-7.1323928 Q49.3188781,-6.6543655,48.5937805,-6.6543655 Q47.7827453,-6.6543655,46.9287414,-7.2612991

Q48.5615539,-12.8848342,48.5615539,-12.8848342 Q48.7495422,-13.5347366,48. 7495422 13 6475295 Q48.7495422,-13.787178,48.! 6636047 13 8570022 Q48.; 5400695 3. 9536819 48.2983703,-13.9536819 Q48.1855773,-13.! 9535819 47.9546203,-13.9160842

Q47.9546203,-14.1201858,47.9546203,-14.1201858 Q49.8130187,-14.4209671,49.8130187,-14.4209671 Z M47.7344055,-7.2022171 Q48.2 9 Q49.1523742,-6.9068069,49.6599426,-7.2532424
Q50.1675109,-7.599678,50.540802,-8.4214553 Q50.914093,-9.2432327,50.914093,-10.0811233 Q50 914093,-10.5752639,50.6697082,-10.. 5545606 Q50 4253234 11 1338577 50 0923156 11.1338577 Q49.5928039,-11.1338577,49.1147766,-10.7337112
Q48.6367492,-10.3335647,48.4326477,-9.6192092 Q47.7344055,-7.2022171,47.7344055,-7.2022171 Z"/>

<path d="M55.8744468,-12.8644781 Q55.5427818,-11.9532718,55.5427818,-11.9532718 Q52.749813,-11.9532718,52.749813,-11.9532718 Q52.749813,-12.082447,52.749813,-12.082447 Q53.9822082,-13.2066164,54.4849433,-13.9188232
Q54.9876785,-14.631031,54.9876785,-15.2210445 Q54.9876785,-15.6714115,54.7118721,-15.9611816 Q54.4360656,-16.2509517,54.0520324,-16.2509517 Q53.7029113,-16.2509517,53.4253616,-16.0484619 Q53.1478118,-15.8424806,53.0151443,-15.4479732
Q52.885971,-15.4479732,52.885971,-15.4479732 Q52.9732513,-16.0938472,53.3345909,-16.4394779 Q53.6959304,-16.7851066,54.2370681,-16.7851066 Q54.8131179,-16.7851066,55.1988983,-16.415039 Q55.5846748,-16.0449714,55.5846748,-15.5422363
Q55.5846748,-15.1826419,55.4170989,-14.8230476 Q55.1587486,-14.257471,54.5792083,-13.6255617 Q53.709896,-12.6759529,53.4934387,-12.4804449 Q54.7293281,-12.4804449,54.7293281,-12.4804449 Q55.1063804,-12.4804449,55.2582473,-12.5083742
Q55.4101142,-12.5363044,55.5323066,-12.6218385 Q55.654499,-12.7073736,55.7452697,-12.8644781 Q55.8744468,-12.8644781,55.8744468,-12.8644781 Z"/>

<path M64 1572723 9 8555374 Q64.1572723,-9.3345413,64.1572723,-9.3345413 Q58.51762,-9.3345413,58.; 5176 3345413 058 51762, 8555374 58.51762,-9.8555374 Q64.1572723,-9.8555374,64.1572723,-9.8555374 Z'/>

6 Q71.92099,-8.7061233,71.92099,-8.7061233 Q70.9434509,-8.7061233,70.9434509, - 3 Q70.9434509, 32717,70.9434509,-6.7832717 Q70.0572204,-6.7832717,70.0572204,-6.7832717

070 0572204 8 7061233 70 0572204 -8.7061233 Q66.9742126,-8.7061233,66. 9742126 -8.7061233 Q66. 97421 26 -9. 3936233 66. 9742126 9 3936233 Q70.3526306,-14.2168655,70.3526306,-14.2168655 Q70.9434509,-14.2168655,70.9434509,-14.2168655

Q70.9434509,-9.4688186,70.9434509,-9.4688186 Q71.92099,-9.4688186,71.92099,-9.4688186 Z M70.0572204,-9.4688186 Q70.0572204,-13.0835647,70.0572204,-13.0835647 Q67.5005798,-9.4688186,67.5005798,-9.4688186 Q70.0572204,-9.4688186,70.0572204,-9.4688186 Z'/>

ath d="M77.4639587,-11.6441116 Q76.4165954,-8.00251,76.4165954,-8.00251 Q76.2984313,-7.5137405,76.2984313,-7.5137405 Q76.2823181,-7.4439163,76.2823181,-7.3955764 Q76.2823181,-7.3096389,76.336029,-7.2451858
Q76.3789978,-7.196846,76.4434509,-7.196846 Q76.5132751,-7.196846,76.6260681,-7.2827835 Q76.8355407,-7.4385452,77.1846618,-7.9273147 Q77.367279,-7.7984085,77.367279,-7.7984085 Q76.9966735,-7.2398147,76.6045837,-6.9470901
Q76.2124938,-6.6543655,75.879486,-6.6543655 Q75.648529,-6.6543655,75.5330505,-6.769844 Q75.417572,-6.8853225,75.417572,-7.1055374 Q75.417572,-7.368721,75.535736,-7.7984085 Q75.648529,-8.2012405,75.648529,-8.2012405
Q74.9449157,-7.2827835,74.3540954,-6.9175491 Q73.929779,-6.6543655,73.5215759,-6.6543655 Q73.129486,-6.6543655,72.8448181,-6.9793167 Q72.5601501,-7.3042678,72.5601501,-7.8736038 Q72.5601501,-8.7276077,73.0730895,-9.6756057
Q73.586029,-10.6236038,74.3755798,-11.1929397 Q74.9932556,-11.6441116,75.5411071,-11.6441116 Q75.8687438,-11.6441116,76.0862731,-11.4722366 Q76.3038024,-11.3003616,76.4165954,-10.9029006 Q76.6099548,-11.51 52053 76.6099548,-11.5152053
Q77.4639587 ,-11.6441116,77.4639587-11.6441116 Z M75.5518493,-11.3648147 Q75.2080993,-11.3648147,74.8213806,-11.0425491 Q74.273529,-10.5860061,73.846527,-9.6890335 Q73.4195251,-8.7920608,73.4195251,-8.06696:
Q73.4195251,-7.7017288,73.6021423,-7.4895706 Q73.7847595,-7.2774124,74.0210876,-7.2774124 Q74.6065368,-7.2774124,75.2940368,-8.1421585 Q76.2124938,-9.2915725,76.2124938,-10.5000686 Q76.2124938,-10.9566116, 76 0352478 11.1607131
Q75.8580017,-11.3648147,75.5518493,-11.3648147 Z"/>

<path d="M82.0508728,-7.9541702 Q81. 492279 7.2827835,80.9229431,-6.9685745 Q80.3536071,-6.6543655,79.7198181,-6.6543655 Q78.9571228,-6.6543655,78.5301208,-7.084053 Q78.1031188,-7.5137405,78.1031188,-8.2388381
Q78.1031188,-9.0606155,78.5623474,-9.8555374 Q79.0215759,-10.6504592,79.7976989,-11.1472854 Q80.573822,-11.6441116,81.320404,-11.6441116 Q81.9058532,-11.6441116,82.1958923,-11.3997268 Q82.4859313,-11.1553421,82.4859313,-10.80085
Q82.4859313,-10.4678421,82.2818298,-10.2315139 Q82.1314392,-10.0488967,81.9112243,-10.0488967 Q81.7447204,-10.0488967,81.634613,-10.1563186 Q81.5245056,-10.2637405,81.5245056,-10.4248733 Q81.5245056,-10.5269241,81.5647888,-10.6128616
Q81.605072,-10.6987991,81.7312927,-10.8196487 Q81.8575134,-10.9404983,81.8843688,-10.9942092 Q81.9112243,-11.0479202,81.9112243,-11.1070022 Q81.9112243,-11.2197952,81.8091735,-11.2949905 Q81.6534118,-11.4024124,81.3687438,-11.4024124
Q80.8423767,-11.4024124,80.3267517,-11.0318069 Q79.8111267,-10.6612014,79.4458923,-9.9790725 Q79.0054626,-9.1519241,79.0054626,-8.3247756 Q79.0054626,-7.7769241,79.316986,-7.457344 Q79.6285095,-7.1377639,80.1656188,-7.1377639
Q80.5791931,-7.1377639,80.9847106,-7.344551 Q81.3902282,-7.5513381,81.895111,-8.0938186 08240508728,-7,9541702,8240508728,-7,9541 702 2>

<path d="M49.5470275,7.0424175 Q49.0367736,8.4442729,49.0367736,8.4442729 Q44.7398986,8.4442729,44.7398986,8.4442729 Q44.7398986,8.2455425,44.7398986,8.2455425 Q46.6358947,6.5160503,47.4093322,5.4203472
Q48.1827697,4.324644,48.1827697,3.4169292 Q48.1827697,2.7240581,47.7584533,2.2782573 Q47.3341369,1.8324565,46.7433166,1.8324565 Q46.2062072,1.8324565,45.7792053,2.14398 Q45.3522033,2.4608745,45.1481018,3.0678081
Q44.9493713,3.0678081,44.9493713,3.0678081 Q45.0836486,2.0741558,45.6395568,1.5424175 Q46.195465,1.0106792,47.0279846,1.0106792 Q47.914215,1.0106792,48.5077209,1.5800151 Q49.1012268,2.1493511,49.1012268,2.9227886
Q49.1012268,3.4760112,48.8434143,4.0292339 Q48.4459533,4.8993511,47.5543518,5.871519 Q46.2169494,7.3324565,45.8839416,7.6332378 Q47.7853088,7.6332378,47.7853088,7.6332378 Q48. 3653869 7. 6332378 48.5990295,7.590269

8326721,7.5473003,49.0206604,7.4157085 Q49.2086486,7.2841167,49.3482971,7.0424175 Q49.5470275,7.0424175,49.5470275,7.0424175 Z'/>

<path d="M55.1651916,3.5834331 Q54.1178283,7.2250347,54.1178283,7.2250347 Q53.9996643,7.7138042,53.9996643,7.7138042 Q53.983551,7.7836284,53.983551,7.8319683 Q53.983551,7.9179058,54.0372619,7.9823589
Q54.0802307,8.0306987,54.1446838,8.0306987 Q54.214508,8.0306987,54.327301,7.9447612 Q54.5367736,7.7889995,54.8858947,7.30023 Q55.0685119,7.4291362,55.0685119,7.4291362 Q54.6979064,7.98773,54.3058166,8.2804546
Q53.9137268,8.5731792,53.5807189,8.5731792 Q53.3497619,8.5731792,53.2342834,8.4577007 Q53.1188049,8.3422222,53.1188049,8.1220073 Q53.1188049,7.8588237,53.2369689,7.4291362 Q53.3497619,7.0263042,53.3497619,7.0263042
Q52.6461486,7.9447612,52.0553283,8.3099956 Q51.6310119,8.5731792,51.2228088,8.5731792 Q50.8307189,8.5731792,50.546051,8.248228 Q50.261383,7.9232769,50.261383,7.3539409 Q50.261383,6.499937,50.7743225,5.551939
Q51.2872619,4.6039409,52.0768127,4.034605 Q52.6944885,3.5834331,53.24234,3.5834331 Q53.5699768,3.5834331,53.7875061,3.7553081 Q54.0050354,3.9271831,54.1178283,4.324644 Q54.3111877,3.7123394,54.3111877,3.7123394
Q55.1651916,3.5834331,55.1651916,3.5834331 Z M53.2530822,3.86273 Q52.9093322,3.86273,52.5226135,4.1849956 Q51.9747619,4.6415386,51.54776,5.5385112 051 120758,6.4354839,51.120758,7.1605815 Q51.120758,7.5258159,! 51 3033752 7.7379741
Q51.4859924,7.9501323,51.7223205,7.9501323 Q52.3077697,7.9501323,52.9952697,7.0853862 Q53.9137268,5.9359722,53.9137268,4.7274761 Q53.9137268,4.2709331,53.7364807,4.0668315 Q53.5592346,3.86273,53.2530822,3.86:

</svg>

List of filled paths



Undo / Redo

« Snapshot of entire equation taken twice for every action

« Undo snapshot before, and redo snapshot after
« Extra information about current selection and editor mode also saved

» Serialized to OpenDDL string in memory, stored in list

« Consecutive symbols with same role and style are coalesced
by replacing most recent snapshot

* Undo just destroys current equation entirely and deserializes
the previous snapshot



Customization

« Radical Pie provides 374 configurable parameters
that control equation appearance

* Lots of spacing

* Rule thicknesses

« Bracket / brace shapes
* Arrow shapes

* Integral lean angle

« Anchor positioning




uation Design

Equation Design g
s |tx| | 0| (@ (w | | g| |vE [T |0 & | 20| o (TY| == 2] o) |
Common Symbols Marks Brackets Scripts Fractions Radicals Quotients Stacks Boxes Strikes  Iterations In:egra\s Widemarks Arrows Charms Bonds Matrices

Exterior spacing 2.0 mu Brace max glyph scale 150.0 %
Interior spacing 1.0 mu Brace hook width 0.25 em
Upper vertical extent 1.0 mu Brace hook height 0.5 em
Lower vertical extent 3.0 mu Brace control position 90.0 %
Min vertical gap 0.5 mu Brace main thickness 1.5 mu
Brace end thickness 0.5 mu
| Parenthesis max glyph scale 0.0 % i
v Brace apex thickness 0.75 mu
T (qE + mg) Parenthesis hook width 0.375 em
Parenthesis hook height 1.0 em Tortoise shell max glyph scale 0.0 %
Parenthesis control position 62.5 % Tortoise shell hook width 0.25 em
Parenthesis main thickness 1.5 mu Tortoise shell hook height 0.15 em
Parenthesis end thickness 0.5 mu Tortoise shell main thickness 1.25 mu
Tortoise shell end thickness 0.8525 mu
Bracket max glyph scale 0.0 %
Bracket width 0.28 em Vertical bar thickness 0.8525 mu
Bracket main thickness 1.25 mu Double vertical bar spacing 1.705 mu
Bracket end thickness 0.8525 mu
Points (pt) = font size x ems ) Floor / ceiling width 0.25 em
1 em =18 math units (mu) Double bracket spacing e m Floor / ceiling main thickness 0.8525 mu
Angle bracket width 0.25 em Floor / ceiling end thickness 0.8525 mu
Angle bracket thickness 0.8525 mu
Double angle bracket spacing 1.5 mu
Load Factory Defaults ("] Make default for new equations OK Cancel




rawing Design

Drawing Design

G = 4R A

@ [

Anchors Rails Lines Joists Shapes Annotations
Stroke width 1 0.045 em Circle scale 600.0 %
Stroke width 2 0.0675 em Square scale 600.0 %
Stroke width 3 0.09 em Wedge length scale 800.0 %
. Stroke width 4 0.135 em Wedge width scale 423.0 %
T Stroke width 5 0.18 em
Arrow 1 length scale 507.000 %
- Dash length 1 0.09 em Arrow 1 width scale 423.0 %
Gap length 1 0.135 em Arrow 1 inner thickness scale 300.0 %
Dash length 2 0.36 em Arrow 1 outer thickness scale 25.0 %
— Gap length 2 0.18 em Arrow 1 curvature 0.0 %
Dash length 3 0.54 em
| Arrow 2 length scale 507.000 %
Gap length 3 0.36 em
Arrow 2 width scale 423.0 %
Overshoot anchor offset 0.27 em Arrow 2 inner thickness scale 188.0 %
Undershoot anchor offset 0.27 em Arrow 2 outer thickness scale 70.0 %
Arrow 2 curvature 15.0 %
Points (pt) = font size x ems
1 em = 18 math units (mu)
Load Factory Defaults ("] Make default for new equations oK Cancel




Design Parameters

« Each design parameter is identified by domain and type

* Non-factory values are stored with equation in special
design structure

« User can save default design
« OpenDDL containing only design params saved in AppData folder




w,ﬁ radicalpie.com

* lengyel@terathon.com

* Twitter: @EricLengyel

 Bluesky: @ericlengyel.bsky.social

* LinkedIn: www.linkedin.com/in/eric-lengyel
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