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What are we talking about?

● Complex closed-form implicit surfaces
○ f(x, y, z)

○ Less than 0 → inside the shape

○ Greater than 0 → outside the shape

● Arithmetic and transcendental operations

● Hundreds or thousands of clauses



libfive.com

http://libfive.com


mattkeeter.com/research/mpr

http://mattkeeter.com/research/mpr


Why build something new?

● Find the “right APIs” for a high-performance implicit kernel

● Experiment with native (JIT) compilation

● libfive is hard to hack on
○  40 KLOC, mostly C++

○ Building is annoying (CMake, Python, code generation)

○ Writing C++ is hard

● “Prefer Rust to C/C++ for new code”
○ Safety, performance, correctness

○ Built-in package  management and cross-platform builds

○ Easy to target WebAssembly

https://cliffle.com/blog/prefer-rust/


docs.rs/fidget

http://docs.rs/fidget


What’s included?

● Shape construction
○ Trees, graphs, tapes

● Fast evaluation
○ Point evaluation (single and array)

○ First derivatives (forward-mode automatic differentiation)

○ Interval arithmetic

● What algorithms can we build on top of fast evaluation?
○ Rendering (2D, 3D)

○ Meshing (manifold dual contouring)

○ Constraint solving (Levenberg-Marquardt algorithm)



Benchmarking rasterization

Size libfive MPR Fidget (VM) Fidget (JIT)

1024³ 66.8 ms 22.6 ms 61.7 ms 23.6 ms

1536³ 127 ms 39.3 ms 112 ms 45.4 ms

2048³ 211 ms 60.6 ms 184 ms 77.4 ms



Cross-platform support



Frontend
Building math expressions



Front-end

Script Math tree Math graph SSA tape Bytecode

Evaluation Deduplication Flattening Register allocation



Front-end: Script



Front-end: Tree & Graph



Front-end: SSA Tape
Input(7, 0)
MulRegImm(6, 7, 30.0)
SquareReg(26, 6)
Input(16, 2)
MulRegImm(15, 16, 30.0)
SquareReg(25, 15)
AddRegReg(24, 26, 25)
Input(10, 1)
MulRegImm(9, 10, 30.0)
SquareReg(23, 9)
AddRegReg(22, 24, 23)
SqrtReg(21, 22)
SubRegImm(20, 21, 25.0)
SinReg(19, 6)

(continued)
CosReg(18, 15)
MulRegReg(17, 19, 18)
SinReg(14, 15)
CosReg(13, 9)
MulRegReg(12, 14, 13)
AddRegReg(11, 17, 12)
SinReg(8, 9)
CosReg(5, 6)
MulRegReg(4, 8, 5)
AddRegReg(3, 11, 4)
AbsReg(2, 3)
SubRegImm(1, 2, 0.2)
MaxRegReg(0, 20, 1)



Input(3, 0)
MulRegImm(3, 3, 30.0)
SquareReg(0, 3)
Input(4, 2)
MulRegImm(4, 4, 30.0)
SquareReg(2, 4)
AddRegReg(0, 0, 2)
Input(2, 1)
MulRegImm(2, 2, 30.0)
SquareReg(1, 2)
AddRegReg(0, 0, 1)
SqrtReg(0, 0)
SubRegImm(0, 0, 25.0)
SinReg(1, 3)

Front-end: Bytecode
(continued)
CosReg(5, 4)
MulRegReg(1, 1, 5)
SinReg(4, 4)
CosReg(5, 2)
MulRegReg(4, 4, 5)
AddRegReg(1, 1, 4)
SinReg(2, 2)
CosReg(3, 3)
MulRegReg(2, 2, 3)
AddRegReg(1, 1, 2)
AbsReg(1, 1)
SubRegImm(1, 1, 0.2)
MaxRegReg(0, 0, 1)



Backend
Fast, flexible evaluation



Backend: Traits

Function

Bytecode



Backend: Bulk evaluation

Function
Tape

(type-specific)
Evaluator

(per thread)

Input arrays

Output arrays



Interpreter Functions and Tapes

Function

Bytecode
(shared pointer)

Tape

Bytecode
(shared pointer)



Backend: Tracing evaluation

Function
Tape

(type-specific)
Evaluator

(per thread)

Input values

Output value

Output trace



Backend: What is a trace?

LHS

RHS

Both

LHS

RHS

Both

LHS

RHS

Both

LHS

RHS

Both

LHS

RHS

Both

LHS

RHS

Both

LHS

RHS

Both

One Choice per min / max clause in the tape



Backend: Function simplification

Function
Tape

(type-specific)
Evaluator

(per thread)

Input values

Output value

Output trace

Simplified 
function



Why JIT compilation?

● Performance!

● Interpreter overhead is significant
○ Main opcode switch is an unpredictable branch

○ Values are loaded and stored from arrays

● With a JIT…
○ No dispatch loop

○ Values can be stored in machine registers

○ Only spilled to the stack as needed



How JIT compilation?

● Start from the same bytecode
○ Specialized to N registers, instead of 256

○ Bytecode registers correspond to machine registers

● Lots and lots of hand-written assembly:



JIT Functions and Tapes

Function

Bytecode

Tape

Machine code



Algorithms
What can we build on this?



2D and 3D rendering

Interval 
evaluation

Tape 
simplification

Per-pixel 
evaluation

Results and traces Active tiles &
specialized tapes



mattkeeter.com/projects/fidget/demo

http://mattkeeter.com/projects/fidget/demo


Meshing

Interval 
evaluation

Tape 
simplification

Derivative 
evaluation

Manifold dual 
contouring

Hermite dataResults and traces Active regions &
specialized tapes







● Sum-of-squares minimization

● Each constraint is one expression

● As many input variables as you want
○ Not limited to x, y, z

● Levenberg-Marquardt algorithm

● Not a serious implementation
○ This is just a demo!

Constraint solving

Derivative 
evaluation

Gradient 
descent



mattkeeter.com/projects/fidget/constraints

http://mattkeeter.com/projects/fidget/constraints


Future possibilities

● GPU-based rendering
○ Probably as a separate crate, because it doesn’t fit our traits

● Oracles for black-box objects
○ Meshes, NURBS, etc

○ Tricky to integrate with JIT

● Better meshing?




