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This course

- Let’'s assume we use python software for bio-image analysis, e.g.
- its scientific software stack
- napari
- In this course we’ll discuss hands-on ways to
- deal with large image data
- accelerate workflows (on a laptop, workstation, cluster or GPU)

- We'll focus around the use of DASK
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Dask is widely used in community software
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Image data sizes:

- X*Y*Z*C*T* bytes/ pixel
- multiplied during processing

Challenge: large data

Working memory

1 -

-——m GB

X Y z T Bytes/Px Total /
Light sheet 2000 | 2000 | 500 1 2B (uint16) | 4 GB — ~32 GB -
(single stack) . . 1 TB
Light sheet 100 | 2B 800 GB \
(full dataset)

" 0
Digital Pathology | 3000 | 3000 | 1 1 38 3GB @ - ~4-48
& HCS 0 0 - GB
Volume EM 2000 | 2000 | 2000 1 2 16 GB
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Chunked/lazy file storage formats

Not Chunked Chunked
* Reading and writing of arrays in chunks A B C D alls|lc]||D
* Lazy data access: at the time needed
* Examples: HDF5, zarr, N5, netcdf, tif
* Useful for viewer
* But: How to process an array chunk by
chunk? Bytes on disk Bytes on disk
AABBCCDDAABBCCDDAABBCCDDAABB.... AAAAAAAABBBBBBBCCCCCCCDDDDDDD....

https://napari.staging.imaging.cziscience.co
m/guides/stable/rendering-explanation.html
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Dask enables lazy and parallel
execution of python code

- General idea: delayed execution of python functions
- Dask arrays:

NumPy
Array
~ Dask

Array
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What does dask do?

Collections

(create task graphs)

Dask Array

Dask DataFrame

Dask Bag

Dask Delayed

Futures

Task Graph Schedulers

(execute task graphs)

Single-machine
: (threads, processes,

: ! synchronous)

C Distributed
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How does dask work”?

11111'11, T -
_ 54(“_}4, -

P
ia#;j%a

QQ
l__l

2 %f“ ‘ "&'
T iifﬁﬁ#fﬁiéé.si #ﬁ%

3/,0.( O &~ Q.Q d}l O I ,' J ¥ ,’ D QO PO Q QL
T* S S 1, S5 Sl

Marvin Albert Lazy and parallel image processing using dask Yusnur g



Lazy and parallel image processing:
dask-image

ithub.com/dask/dask-image

= Odsk/d k-imag Q e O e
<> Code (O Issues 66 19 Pullrequests 4 () Discussions () Actions [ Projects
- enables parallel and chunked N-D W isskimene (B
Q) sponsor < EditPins ~ ® Unwatcl h 16 ~ Y Fork 42 - Starred 182

image processing
# main ~ Go to file Add file ~ About

Distributed image processing

- makes SciPy's ndimage functionality
available for dask arrays

- includes CuPy support for GPU
processing

John Kirkham Genevieve Buckley Marvin Albert

@ jakirkham @ GenevieveBuckley @ m-albert
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https://github.com/dask/dask-image

https://image.dask.org/en/latest/coverage.html
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dask-image -
2023.081+1.g86b56a7.di Fynction Coverage

documentation

S h the d H 1 H H
eareh the docs Coverage of dask-image vs scipy ndimage functions
. This table shows which SciPy ndimage functions are supported by dask-image.
Installation
Quickstart . . . . .
Function name SciPy ndimage dask-image dask-image GPU support
Function Coverage
API ¥ ¢ v v v
Contributing
Credits f i of
History & v v
Theme by the Executable Book v v v
Project
v
v
v v v
v
v
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https://image.dask.org/en/latest/coverage.html

Practicals

Preparation: Option 1:

Use the environment created in the course preparation and install some further packages to it:

mamba activate devbio-napari-env
mamba install -c conda-forge dask-image ipycytoscape

Option 2:

Create a new environment from scratch:

mamba create ——name <dask_course> python=3.9 devbio-napari pyqt dask-image ipycytoscape -c ¢
mamba activate dask_course

Practical parts:

1.  Learning dask basics
2. Parallelizing array operations
3. Creating a virtual stack viewer
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