
Optimizing Mesh 
Booleans by Being Lazy

(Experience Report)
Chun Kit Lam (HKUST)



Optimizing Mesh 
Booleans by Being Lazy

(Experience Report)
Optimizing a CG Library 

without learning CG



OpenSCAD



Background: OpenSCAD

● Functional Language (not a great one…)

● Constructive Solid Geometry (CSG)

difference() {
  sphere(d=50);
  cylinder(d=25, h=65, …);
  rotate([90, 0, 0])
    cylinder(...);
  rotate([0, 90, 0])
    cylinder(...);
}



Problem: OpenSCAD is SLOW…

● Compile time: 
minutes/hours

● Unacceptable for me:
Need fast iterations

● More than 100x faster 
with manifold



Why OpenSCAD is slow?

● Solid mesh modeling:
More than just triangle soup

● Topo: Closed 2-manifold

● Geometry: No self-intersections

● Float: Robustness issues
(Violates Euclidean Geometry Assumptions)

● Exact: Slow, Snap-Rounding Model credit: https://www.thingiverse.com/thing:151081



How manifold solves this?

Implements Smith's robust inexact algorithm

● Careful floating point predicates
● Guaranteed topology:

Even for random coords input

Topology over geometry correctness

● Broken topology is harder to fix
● Some algo/data structure relies on this
● Geometrically incorrect models are everywhere



Manifold's API

Lazy:

● Copy (just shared)
● Booleans
● Affine Transforms

Triggers Eval:

● Queries

Simple, intuitive
No other libs have this (AFAIK)



Notes about Correctness

● Mesh Boolean not 
associative/commutative

● Rewrite changes results
Like floating point rewrites

A + (B + C)

● Users should not depend on 
exact results

● Only guarantee determinism

(A + B) + C

(B + A) + C

≠
≠



AST Rewriting

● Goal: Maximize arity

● Use optimized variadic Boolean

1. Propagate transforms to leaves

2. Maintain a normal form 





Rewriting Examples



Shared Nodes and Work Duplication



Shared Nodes and Work Duplication



Optimizing Variadic Booleans

1. Compose disjoint meshes

2. Smaller meshes first

3. Parallelize Booleans

Cartoon adapted from https://gitlab.com/linux-kernel/perfbook

Naive implementation may 
cause data race!

Needs fixed-size batching



Example



Example



Future Plan

● Dynamic rewriting: 
Subtraction vs Union

● More laziness internally, 
for better performance

● Support for 
constraint-based modeling

● More work on the 
geometry side…

https://manifoldcad.org/

https://manifoldcad.org/

