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B   Architecture Overview

I/O LAYER H5AD Reader / Writer RDS Reader / Writer

HDF5 native custom Rust parser

CO
RE

Apache Arrow Intermediate Representation

Stage 1: SEXP Discard  skip closures, environments, bytecode

Discards ~40% of RDS objects (closures, bytecode, environments)

Stage 2: Selective Extraction  only biologically relevant data

Extracts X, obs, var, obsm, layers; skips graphs, commands, tools

Stage 3: Compact IR  Arrow columnar format

Peak memory ~68 MB/M nnz (vs 158 MB for Zellkonverter)

INTERFACE LAYER CLI Python (PyO3) R (extendr)

format-specific
serialization

All layers implemented in Rust  zero runtime dependencies

CELLxGENE Submission

.rds CrossCell
convert validate .h5ad 

crosscell convert -i in.rds -o out.h5ad --validate  (0.4s)

AI-Ready Preparation

.rds CrossCell
normalize

top genes
filter .h5ad 

crosscell convert -i in.rds -o out.h5ad --normalize --top-genes 2000  (0.3s)

Both workflows: single CLI command, no R/Python runtime needed

C   Single-command workflows

0.0 0.5 1.0 1.5 2.0 2.5
Time (seconds)

R: Load Seurat

CrossCell: RDS H5AD

Python: scanpy analysis

CrossCell: H5AD RDS

R: Verify roundtrip

0.3s

0.3s

2.4s

2.8s

0.2s

CrossCell overhead: 3.1s (51.6% of 6.0s)
Pearson r = 1.0, exact match = 100%

D   Cross-ecosystem workflow

R / Seurat
CrossCell
Python / scanpy


