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Overview

As of early 2026, Mandelbrot Metal has been a breakout success.
Developed by a one-person studio, the app climbed as high as #3 in the
App Store’s Paid Graphics & Design category and has remained in

the Top 100 every week since its launch in October 2025, consistently
charting alongside long-established creative tools from much larger
companies.

Mandelbrot Metal is a high-performance fractal explorer for iPhone and
iPad, built entirely on Apple’s Metal® graphics and compute frameworks.
It renders both the Mandelbrot Set and Julia Set in real time, with
smooth, ultra-deep Mandelbrot zooming up to 10"®x maghnification.

A precision GPU compute engine, a modern SwiftUl interface, and a
professional-grade color system combine to deliver an experience that
blends mathematics, art, and high-end graphics engineering. Reviewers
can explore intricate structures, adjust detail and iteration depth, and
switch instantly among 155+ curated color palettes, including 50+
Ultra-Wide 768-step palettes engineered for exceptionally smooth
tonal transitions.

Deterministic bookmarks store exact coordinates, rendering
parameters, palette choices, and fractal mode, while high-resolution
export supports publication-ready stills at canvas size, 4K, 6K, 8K, or
custom resolution.

Mandelbrot Metal is part visualizer, part interactive art tool, and part
GPU benchmark—designed to show what modern Apple hardware can



do when pushed with purpose.
What Makes Mandelbrot Metal Different
1. ATrue GPU-First Rendering Pipeline

Most fractal apps rely primarily on CPU rendering or minimal fragment
shaders, limiting depth, responsiveness, and visual stability. Mandelbrot
Metal is built from the ground up on dedicated Metal compute kernels,
resulting in a fully GPU-native architecture.

This enables:

e Fluid 60 FPS navigation in most scenes

e Crisp detail and stable gradients

e Instant response to pinch, pan, fractal-mode changes, and palette
changes

Every interactive update is handled directly on the GPU with minimal
overhead.

2. Mandelbrot + Julia Modes

Version 2.0 expands Mandelbrot Metal beyond the classic Mandelbrot
Set with a dedicated Julia Set mode. Reviewers can switch shape
families without changing the core exploration workflow, color tools,
capture system, or bookmark model.

This adds:

e Mandelbrot Set exploration for classic bulbs, spirals, and ultra-deep
zooms

e Julia Set exploration for mirrored, branching, and lace-like
compositions

* Mode-aware bookmarks that reopen each saved scene in the correct
fractal type



3. Deep Mode That Actually Goes Deep

At extreme Mandelbrot magnifications, when GPU precision reaches its
mathematical ceiling, Mandelbrot Metal transitions seamlessly into a
multi-core CPU Deep Mode powered by double-double precision and
progressive tiling.

Deep Mode maintains:

e True mathematical accuracy

e Stable, repeatable visual results

* Responsive interruption and resume during navigation
* Engagement of all CPU cores

e Tile-by-tile refinement in real time

For reviewers evaluating extreme magnification, numerical stability, or
deep-zoom correctness, this is one of the app’s clearest differentiators.

4. A Professional-Grade Color Pipeline

Color quality is often where fractal apps fail. Mandelbrot Metal treats
color as a first-class system, drawing inspiration from professional
photography and color-science workflows.

Key elements include:

¢ 155+ hand-curated palettes

e 55+ Ultra-Wide 768-step palettes

¢ Display-P3 and HDR support

e Exact LUT and Smooth interpolation modes
e GPU-based dithering

* Photo-derived palette creation

Even at extreme zoom levels, gradients remain clean and band-free—a
common failure point in other fractal tools.



5. Deterministic, Mode-Aware Bookmarks for Perfect Reproducibility

Every bookmark stores a complete, deterministic scene definition—not
just coordinates, but also palette, iteration settings, render options, and
fractal mode.

This guarantees:

e |[dentical renders across devices

e |[dentical renders across OS versions

e [dentical renders when shared with other users, including the saved
Mandelbrot or Julia mode

This makes Mandelbrot Metal particularly well-suited for reviewers who
require reproducibility for screenshots, comparisons, or testing.

6. High-Resolution, Print-Ready Export

The export system supports:

e Stills at canvas size, 4K, 6K, 8K, or custom resolution

¢ Display-P3 and HDR output

e Exact LUT color fidelity

e Smooth gradients designed to minimize banding and posterization

Exports are suitable for press kits, long-form reviews, large-format
prints, and professional publications.

7. A Modern, Minimal, Reviewer-Friendly Ul

The interface is designed to stay out of the way:

* Floating toolbars

e Simple palette and bookmark access

e Clear indicators for fractal mode, zoom depth, iteration count, and
precision mode

¢ Intuitive 3D Look controls

e Optional HUD overlays



The result is a clean Ul with almost no learning curve, even for first-time
users.

8. Engineered for Apple Silicon

Mandelbrot Metal uses a modern, hardware-optimized technology
stack:

e Swift and SwiftUI

e Custom Metal compute kernels

e SIMD-optimized arithmetic

e Multi-core CPU fallback

e Perturbation rendering for Mandelbrot extreme depths

This is not a legacy fractal engine—it’s a contemporary showcase of
what Metal compute can deliver on Apple Silicon.

Key Features for Reviewers

1. Real-Time GPU Rendering

¢ Fully Metal-driven compute pipeline

* Fluid zooming and panning at interactive frame rates

e Adaptive iteration and precision logic for smooth performance

2. Fractal Modes

The app now includes both Mandelbrot Set and Julia Set exploration:
e Mandelbrot Set for classic deep-zoom exploration

e Julia Set for symmetrical, branching, and lace-like compositions

e HUD and bookmarks preserve the active mode

3. 3D Look Lighting Mode

A subtle height-mapped lighting system adds depth and structure:
¢ Adjustable light direction

e Specular highlights

* Tunable shininess



e Metallic and glossy rendering effects

4. Extensive Palette System

¢ 155+ curated palettes

e 50+ Ultra-Wide 768-step palettes

* Photo-based gradient extraction

e Exact LUT and Smooth interpolation modes
e GPU dithering

5. Bookmarks

e Save and restore any location with full mathematical precision,
including fractal mode

e One-tap return for fast A/B comparisons

e Fully deterministic across devices

6. Sharing

e Import/export bookmarks and palettes

e Cross-device and cross-user compatibility for bookmarks and palettes
e Community Portal Preview provides downloadable bookmarks and
palettes as creative starting points

7. High-Resolution Capture

e Export at full canvas resolution, 4K, 6K, 8K, or custom size

¢ Display-P3 and HDR output

e Smooth gradients designed to minimize banding and posterization

8. Navigation & Precision Tools

* HUD overlay showing fractal mode, zoom depth, iteration count, and
performance metrics

e Go-to-Rect for direct coordinate entry in Mandelbrot exploration

e Auto-lteration adjusts detail automatically based on zoom level; the
max cap can be set to 5,000, 10,000, 15,000, 25,000, 50,000 (default), or
75,000



9. Advanced Rendering Options

e Smooth vs Exact LUT palette modes

* Dithering and SSAA anti-aliasing

* HDR color

e Perturbation rendering pipeline for Mandelbrot deep zooms
¢ Adjustable contrast, brightness, and 3D Look strength

10. Onboarding, Help, and the Creative Guide

e Built-in gesture and control walkthrough

* In-app Help Sheet

e The Creative Guide offers tips, examples, and a fast path to creating
compelling artwork

¢ Accessible at any time from the main menu

Performance and Energy Behavior

Mandelbrot Metal behaves like a high-end graphics or simulation app—
not a static viewer.

Reviewers should expect:

e High GPU and CPU usage during active exploration (by design)
e Immediate reduction in load when interaction stops

e Zero background tasks and no blocked sleep

¢ Rendering fully suspended when backgrounded

Energy Safeguards

e Adaptive quality scaling prevents runaway load

¢ Full compliance with iOS thermal and Low Power Mode systems
e Automatic suspension when idle

Note: HQ / Idle / Low Power behavior is managed automatically.



What Reviewers Should Expect

During active exploration:

e High computational load (GPU and sometimes CPU)
e Smooth Ul and fluid navigation

e Stable gradients and precision-correct imagery

When still:

e Load drops dramatically

e Refinement pauses completely

* No hidden background processing

The app behaves predictably, cleanly, and safely across all supported
devices.

In Summary

Mandelbrot Metal demonstrates what’s possible when Apple’s Metal
compute power meets mathematical beauty. Built by a single developer
yet performing at the level of top-ranked creative tools, it delivers:

e Real-time fractal rendering

e Mandelbrot and Julia Set exploration

* Deep precision with adaptive GPU/CPU scaling
e Vivid, professional-grade color

e Ultra-deep zooming

¢ Publication-ready exports

¢ A clean, modern interface

It is both a creative tool and a performance showcase—ideal for
reviewers evaluating GPU capability, precision rendering, display
quality, or modern iOS Ul design.



Technical Appendix

Mandelbrot Metal: GPU Architecture, Fractal Modes & Metal
Compute Design

Target Audience

This appendix is intended for reviewers evaluating Metal compute
performance, GPU-first rendering architectures, fractal-mode
implementation, and Apple Silicon efficiency characteristics. It focuses
on design decisions, tradeoffs, and execution details rather than feature
summaries.

1. Metal-First by Design (Not “Metal-Accelerated”)

Mandelbrot Metal is not a CPU renderer with Metal layered on top. The
app was architected from the outset as a compute-driven Metal
pipeline, with the GPU acting as the primary rendering engine during
interactive exploration.

Key characteristics:

e Dedicated Metal compute kernels, not fragment shaders

e Explicit control over threadgroup sizing and dispatch

* GPU ownership of iteration, escape testing, and color index generation
e CPU involvement limited to orchestration and Mandelbrot deep-
precision fallback

This avoids the typical bottlenecks seen in hybrid CPU/fragment-shader
fractal apps, where precision limits and CPU<GPU synchronization
dominate performance.



2. Compute Kernel Structure

Each frame dispatches a compute grid where:

¢ One thread corresponds to one pixel (or supersample)

e Threads iterate the complex recurrence until escape or max iterations
e [teration counts and auxiliary data are written into tightly packed
buffers

e Mandelbrot mode treats each pixelascinz= Z’+c

e Julia mode uses the current view as z with a fixed Julia constant ¢

Design goals:

e High arithmetic intensity to amortize memory access
e Minimal branching in inner loops

e Deterministic execution paths for reproducibility

Threadgroup sizes are tuned empirically per device class to balance:
e Occupancy

* Register pressure

e [nstruction throughput

This makes Mandelbrot Metal useful as a real-world Metal compute
workload, not a synthetic benchmark.

3. Precision Strategy on the GPU

GPU computation uses:

¢ |[EEE 754 double precision where supported

e Carefully bounded iteration logic to maintain numerical stability
e Early-escape heuristics to reduce unnecessary iterations

At extreme Mandelbrot zoom depths, GPU precision eventually
becomes mathematically insufficient—not due to performance limits,
but due to representational limits. Mandelbrot Metal explicitly detects
this transition point.



Rather than pushing the GPU past safe precision, the app hands off
responsibility to the CPU in a controlled manner (see Deep Mode below).

This precision boundary is deterministic and reproducible, which is
critical for serious numerical visualization.

4. Deep Mode: Coordinated GPU > CPU Fallback

When Mandelbrot GPU precision is no longer sufficient, Mandelbrot
Metal enters Deep Mode, a multi-core CPU pipeline designed to
preserve correctness without freezing interactivity. Julia mode remains
on the GPU path and shares the same palette, contrast, 3D Look,
capture, and bookmark systems.

Deep Mode characteristics:

e Double-double arithmetic (~106 bits of precision)

* Progressive, tile-based refinement

e All CPU cores engaged

e GPU remains active for presentation, color, and Ul composition

Importantly:

e Deep Mode is not a separate renderer

e The transition is seamless and reversible

e GPU and CPU Mandelbrot pipelines share identical scene definitions

For GPU reviewers, this design highlights a pragmatic boundary between
throughput-optimized GPU math and precision-optimized CPU math,
without compromising UX.

5. Perturbation Rendering for Extreme Depths
To enable usable performance at Mandelbrot magnifications

approaching 10"°x, Mandelbrot Metal employs a perturbation rendering
pipeline:



¢ A high-precision reference orbit is computed
* Nearby pixels are evaluated as perturbations from that reference
e GPU and CPU pipelines both benefit from reduced per-pixel cost

This approach dramatically reduces total iteration count while
maintaining mathematical fidelity.

For reviewers, this demonstrates:

e Algorithmic optimization beyond brute force

e Efficient division of labor between compute units
e Real-world use of perturbation theory in graphics

6. GPU-Driven Color Pipeline

Coloris resolved entirely on the GPU after iteration computation:
¢ Palette lookup via LUT or smooth interpolation

e Ultra-Wide 768-step palettes minimize quantization

e GPU-based dithering reduces banding without post-processing
¢ Display-P3 and HDR paths are preserved end-to-end

This ensures:

* No CPU bottleneck during palette changes

e Instant visual feedback when adjusting color systems
e Stable gradients even under extreme zoom

Color evaluation remains decoupled from iteration math, allowing
palette changes without recomputation.

7. Memory & Bandwidth Considerations

Key memory strategies:

e Linear, cache-friendly buffers

e Minimal intermediate storage

* No read-modify-write hazards inside inner loops
e Explicit buffer reuse to reduce allocation churn



The compute workload is intentionally math-bound, not memory-bound,
which aligns well with Apple Silicon GPU strengths.

8. Frame Lifecycle & Synchronization

Rendering behavior:

e Compute dispatched only during active interaction or refinement
* No background rendering when idle

e Immediate suspension when app is backgrounded

* No hidden worker threads

Synchronization is explicit and predictable, avoiding stutter or runaway
thermal behavior.

This makes Mandelbrot Metal useful for reviewers examining;:
* Thermal scaling

e Sustained GPU workloads

* Energy behavior under real user interaction

9. Determinism as a First-Class Constraint

Unlike many GPU demos, Mandelbrot Metal treats determinism as a
first-class constraint:

e Same inputs > same outputs

e Stable results across devices and OS versions

* [dentical images from identical bookmarks, including saved fractal
mode

This requires careful handling of:
* Floating-point ordering

e Reduction operations

* Precision transitions



For technical reviewers, this distinguishes Mandelbrot Metal from purely
visual GPU showcases.

10. Why This Matters for GPU Reviewers

Mandelbrot Metal is not a synthetic benchmark, but it behaves like one:
e Sustained compute pressure

* Heavy FP math

¢ Real-time interactivity

* Precision-driven algorithmic constraints

At the same time, it is a production app, built by a single developer,
shipping on consumer hardware, and used daily.

For GPU-focused outlets, it provides a rare example of:

e Serious Metal compute

* Precision-aware design

¢ Algorithmic depth beyond visual effects

e A workload that scales naturally with hardware capability

Closing Note
Mandelbrot Metal shows what Apple Silicon GPUs can do as general-

purpose compute engines: correctness, performance, and transparency
for engineers and artists alike.



