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.ComputableDAGs.jl - Design Goals

m Represent computation as a
directed acyclic graph (DAG) of
function calls

m Allows dynamic construction,
analysis, scheduling, and execution
(threaded, GPU, etc.)

m ~ 2000 lines of code, ~ 700 lines
of comments

ComputableDAGs. jl
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BC+BD

ccccc


https://github.com/ComputableDAGs/ComputableDAGs.jl/

R ComputableDAGs. jl - Structure

m Get graph, a scheduler, and machine information
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R ComputableDAGs. jl - Structure

m Get graph, a scheduler, and machine information
m Use scheduler interface

3/22 Efficient Matrix-Element Generation in Julia - 30.07.2025

[ DAG ] [Scheduler] [Machine]




R ComputableDAGs. jl - Structure

m Get graph, a scheduler, and machine information

m Use scheduler interface to create a topological
ordering of tasks for each device
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R ComputableDAGs. jl - Structure

[ DAG ] [Scheduler] [Machine]

m Get graph, a scheduler, and machine information

m Use scheduler interface to create a topological
ordering of tasks for each device

opological
Order

m For each task in the ordering, generate code
using the scheduled device
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R ComputableDAGs. jl - Structure

[ DAG ] [Scheduler] [Machine]

m Get graph, a scheduler, and machine information

m Use scheduler interface to create a topological
ordering of tasks for each device

opological
Order

m For each task in the ordering, generate code
using the scheduled device

m Evaluate the function code

Function
(Text)
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R ComputableDAGs. jl - Structure

[ DAG ] [Scheduler] [Machine]

m Get graph, a scheduler, and machine information

m Use scheduler interface to create a topological
ordering of tasks for each device

opological
Order

m For each task in the ordering, generate code
using the scheduled device

m Evaluate the function code into a function

unction
(Text)
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R ComputableDAGs. jl - Structure

m Get graph, a scheduler, and machine information

m Use scheduler interface to create a topological
ordering of tasks for each device

m For each task in the ordering, generate code
using the scheduled device

m Evaluate the function code into a
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[ DAG ] [Scheduler] [Machine]

opological
Order

Function
(Callable)

ccccc



ComputableDAGs. jl - Targets

m CPU backend

m CUDA jlI (NVIDIA GPUs)

s AMDGPU.jl (AMD GPUs)

m oneAPLjl (Intel GPUs)

m Future: Metal.jl (Apple GPUs)
m Future: KernelAbstractions.jl

%
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https://github.com/JuliaGPU/CUDA.jl
https://github.com/JuliaGPU/AMDGPU.jl
https://github.com/JuliaGPU/oneAPI.jl
https://github.com/JuliaGPU/Metal.jl
https://github.com/JuliaGPU/KernelAbstractions.jl

.ComputableDAGs.jl - Optimization
Node Reduction

--
--

5/22 Efficient Matrix-Element Generation in Julia - 30.07.2025

nnnnn



.ComputableDAGs.jl - Optimization
Node Reduction

Node Reduction
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Node Reduction
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.ComputableDAGs.jl - Optimization
Node Reduction

-
-
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Node Reduction
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.ComputableDAGs.jl - Optimization
Node Reduction

-
-
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.ComputableDAGs.jl - Optimization
Node Reduction
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.ComputableDAGs.jl - Optimization
Node Reduction Node Split

-
-
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.ComputableDAGs.jl - Optimization
Node Reduction
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.ComputableDAGs.jl - Optimization
Node Reduction
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.ComputableDAGs.jl - Interface

m Define problem instance type/objects

m Define necessary compute tasks and input expressions
m Implement graph (instance)

m That's it
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QEDFeynmanDiagrams. j1 - Design Goal

m From a given particle process, e.g., e
e~ + v — e~ 4+, generate a function
for its squared matrix element, given the
particle momenta

m Built on top of ComputableDAGs.jl

m ~ 1700 lines of code, ~ 270 lines of 4
comments

QEDFeynmanDiagrams. jl
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https://github.com/QEDjl-project/QEDFeynmanDiagrams.jl

E QEDFeynmanDiagrams. jl - Interface

Exceedingly simple!
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E QEDFeynmanDiagrams. jl - Interface
Exceedingly simple!

m graph(process): generate CDAG from QEDbase.AbstractProcessDefinition
graph(p g

m number_of diagrams(process): return the number of possible diagrams for the
process

o~
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E QEDFeynmanDiagrams. jl - Interface
Exceedingly simple!

m graph(process): generate CDAG from QEDbase.AbstractProcessDefinition

m number_of diagrams(process): return the number of possible diagrams for the
process

That is all. All complexity hidden in graph

o~
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.QEDFeynmanDiagrams.jl - Diagram Generation Algorithm

P
9/22 Efficient Matrix-Element Generation in Julia - 30.07.2025 DRESDEP": N\ HZDR

nnnnn



.QEDFeynmanDiagrams.jl - Diagram Generation Algorithm

Just kidding! Don’t actually gener-
ate the diagrams!

o~
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.QEDFeynmanDiagrams.jl - Diagram Generation Algorithm

Just kidding! Don’t actually gener-
ate the diagrams! \\
m Generate possible combinations of \\ gﬂgg:gg::m;
outer particles SN ._p_. ..
m Find all pairs of other possible \ Subdiagramn
virtual particles making those up /
m Finally, find all possible virtual YYS """
particle triplets

s
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E QEDFeynmanDiagrams. jl - Result Reuse

algorithm, no momentum or

m By nature of the generation \
propagation term is calculated

twice \\ Subdiagram 1 ..

. . ; Subdiagram 2
m Subdiagrams can even be spin & 9

polarization specific \/\M L
m — Only exponential growth! /“-‘?Ubdlagramn,,"’
m Unfortunately, fermion negations YYS """
make it a little harder, but solvable
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E QEDFeynmanDiagrams. j1 - Verification

m Automatic verification against Madgraph

m For processes:
ye o — ye~
~vet — ye
ye~ — yvye~
e~ —e e e
e et e ee
@ ve — yyve
ver = e

m No more than 2 input particles possible in Madgraph

+

ot

e

o~
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.QEDprocesses.jl - Integration
How to use?

julia>
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.QEDprocesses.jl - Integration
How to use?

julia> using QEDprocesses, QEDcore

julia>
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.QEDprocesses.jl - Integration
How to use?

julia> using QEDprocesses, QEDcore

julia> MODEL = PerturbativeQED()
perturbative QED

julia>

o~
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.QEDprocesses.jl - Integration
How to use?

julia> using QEDprocesses, QEDcore

julia> MODEL = PerturbativeQED()
perturbative QED

julia> PROCESS = ScatteringProcess(
(Electron(), Photon()), # incoming particles
(Electron(), Photon()), # outgoing particles
(A11Spin(), SyncedPol(1)), # incoming particle spins/pols, optional
(A11Spin(), SyncedPol(1)), # outgoing particle spins/pols, optional
)
generic QED process
incoming: electron (all spins), photon (synced polarization 1)
outgoing: electron (all spins), photon (synced polarization 1)

o~
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.QEDprocesses.jl - Integration

julia>
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.QEDprocesses.jl - Integration

julia> PSL = FlatPhaseSpaceLayout (TwoBodyTargetSystem())
FlatPhaseSpacelLayout{TwoBodyTargetSystem{Energy{2}}}(...)

julia>

P
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.QEDprocesses.jl - Integration

julia> PSL = FlatPhaseSpaceLayout (TwoBodyTargetSystem())
FlatPhaseSpacelLayout{TwoBodyTargetSystem{Energy{2}}}(...)

julia> coords = tuple(rand(phase_space_dimension(PROCESS, MODEL, PSL))...);

julia>

o~
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.QEDprocesses.jl - Integration

julia> PSL = FlatPhaseSpaceLayout (TwoBodyTargetSystem())
FlatPhaseSpacelLayout{TwoBodyTargetSystem{Energy{2}}}(...)

julia> coords = tuple(rand(phase_space_dimension(PROCESS, MODEL, PSL))...);

julia> psp = PhaseSpacePoint (PROCESS, MODEL, PSL, (10.,), coords)
PhaseSpacePoint:
process: generic QED process '"ek -> ek"
model: perturbative QED
phase space layout: FlatPhaseSpacelayout...
incoming particles:
-> incoming electron: [1.0, 0.0, 0.0, 0.0]
-> incoming photon: [10.0, 0.0, 0.0, 10.0]
outgoing particles:
-> outgoing electron: [4.284687130022203, -0.5998574414396962, ...]
-> outgoing photon: [6.715312869977793, 0.5998574414396962, ...]

o~
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.QEDprocesses.jl - Integration

julia>
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.QEDprocesses.jl - Integration

julia> QEDbase._matrix_element (psp)
0.12695206764681005

julia>
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.QEDprocesses.jl - Integration

julia> QEDbase._matrix_element (psp)
0.12695206764681005

julia> differential_cross_section(psp)
3.3933130839717724e-5
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- QEDevents.jl, QEDprobing. j1l, GPUEventGenerators. jl

m Types for univariate, multivariate, and phase space point samplers
m Event generation pipeline
m GPU Support through KernelAbstractions. jl

o~
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= Results - Graph Sizes
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™ Results - Execution Time Compton
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.QEDFeynmanDiagrams. j1 Future - Larger Processes

julia> PROCESS = ScatteringProcess(
(Electron(), Photon()),
(
Electron(), Electron(), Electron(), Electron(),
Positron(), Positron(), Positron()
)
)
generic QED process
incoming: electron (all spins), photon (all polarizations)
outgoing: electron (all spins), electron (all spins), electron (all spins)...

julia> @time g = graph(PROCESS)
111.357609 seconds (493.88 M allocations: 26.352 GiB, 27.147, gc time)
Graph:

Nodes: Total: 2492974,

Edges: 6199753

o~
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.QEDFeynmanDiagrams. j1 Future - Larger Processes

m Getting the code size to compile
takes forever

m Not really julia’s fault, time spent
is in llvm

m Needs to be solved in
ComputableDAGs. j1 (or in the
compiler)

Py
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E QEDFeynmanDiagrams. j1 Future

Improved Generator
m The kernels don't yet use helicity flow
m —> Less memory pressure, very beneficial for GPU
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E QEDFeynmanDiagrams. j1 Future

Improved Generator
m The kernels don't yet use helicity flow

m —> Less memory pressure, very beneficial for GPU

QCD

m Implementation similar to QED
m Mostly "more" of everything

More particles

More propagators and vertices

More complexity judging possible subdiagrams
More math ™
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= Discussion

8-Photon Compton, Congruent and Synced Photons
- = 10.22keV

o~
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