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Future Plans for Zgoubi Include Enhancements to 
both Performance and Usability
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Implement a Zgoubi graphical interface in Sirepo. (40%)
Implement single-click execution of Zgoubi on available linux clusters. (25%)
Update the Zgoubi code base to the Fortran 2018. (60%)
Re-implement Zgoubi's particle update algorithm. (50%)
Parallelize Zgoubi using Fortran 2018. (35%)
Implement symplectic tracking for field maps. (10%)
Add closed-orbit correction to Zgoubi. (75%) F. Méot
Assess and improve the spin dynamics in electron and ion rings

for the eRHIC design. (starting soon)
Benchmark Zgoubi with BMad and other codes used for

simulating JLEIC ring designs. (starting soon)
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Streamline Zgoubi Simulations: 
    Implement a Sirepo Interface for Zgoubi
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The Sirepo Interface for Zgoubi: 
    Build (or Import) a Lattice
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The Sirepo Interface for Zgoubi: 
    Build (or Import) a Lattice—cont.
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The Sirepo Interface for Zgoubi: 
    Build (or Import) a Lattice—cont.
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The Sirepo Interface for Zgoubi: 
    Generate a (matched) bunch
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The Sirepo Interface for Zgoubi: 
    Generate a (matched) bunch—cont.
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The Sirepo Interface for Zgoubi: 
    Generate a (matched) bunch—cont.
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The Sirepo Interface for Zgoubi: 
    View Lattice Parameters
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The Sirepo Interface for Zgoubi: 
    Visualize the Beam
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The Sirepo Interface for Zgoubi: 
    Share your Work—Effortlessly!



Improve Performance: 
    Parallelize Zgoubi using Fortran 2018
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Modern Fortran provides facilities for two levels of parallelism:
Fine-grain, at the loop level—requires pure functions (no side effects allowed!)

do concurrent(iord = 0:nord) 
B(iord+1) = derivB(iord) 

end do 

Coarse-grain, at the processor level—collective operations
co_min(a) 
co_max(a) 
co_sum(a) 
co_reduce(a, op) 

and coarrays, which “answer the question, ‘What is the smallest change required to convert Fortran 
into a robust and efficient parallel language?’”—John Reid, ISO/IEC JTC1/SC22/WG5, N1824 (2010)

Coarray syntax implements a Single Program Multiple Data (SPMD) model. A single program is 
replicated in units called images, and the number of images may be chosen at run time. You must still 
devise appropriate parallel algorithms, but the case of non-interacting particles is essentially trivial.
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real :: a[*]   ! scalar coarray 
real, dimension(10) :: x[*], y[*]   ! array coarray 
real :: m(0:21,6)[*]   ! matrix coarray 
type(particle) :: ptcl(128)[*]   ! derived type coarray 

x(:) = y(:)[q]   ! access remote data on image q
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real :: a[*]   ! scalar coarray 
real, dimension(10) :: x[*], y[*]   ! array coarray 
real :: m(0:21,6)[*]   ! matrix coarray 
type(particle) :: ptcl(128)[*]   ! derived type coarray 

x(:) = y(:)[q]   ! access remote data on image q

A coindex indicates communication.
The programmer must ensure that

* coarray indices are properly resolved
* synchronization occurs as appropriate.

The new Fortran standard includes new intrinsics 
that simplify the process, e.g. random_init.



Improve Performance: 
    Parallelize Zgoubi using Fortran 2018—cont.
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Opportunities for paralellizing Zgoubi:
Distribute particles on multiple processors.
Distribute lattice computations.
Distribute machine energies.
Distribute misalignments.
Various scans:
    dynamic aperture;
    polarization studies
    etc.

One image computes a
closed orbit for the entire ring.
Then each image computes lattice 
functions along it’s section of the ring.

!19



Thank you!
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https://sirepo.com/



The Accuracy of Orbital Tracking Affects Spin Tracking
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This 100-fold improvement 
derives solely from better 

orbital data. 


