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Vl]asiator

« Vlasiator [1,2] — new hybrid-Vlasov simulation code .

Firstof its kind —simulatessar t h' s
scale based on a hybi\dasovdescription of plasma

Novel sparse representation of proton distribution function
« Earth’s Magnetosphere
Region of space formed by the interaction between the solar wind —

Hybrid-Vlasov .
magnet os p h-e Petons modeled gy asdneehsional distribution function

sebastian.von.alfthan@fmi.fi

Numerical Implementation

6D distribution function discretization
3D spatial grid [3] in ordinary space
Sparse 3D velocity spaggid in each spatial cell
Stores volume averages in each phase space cell
Spatial Grid Spatial Cell
" E on cell edges

f(r,v,t) In ordinary space {space) and velocity space (v
space)

Electrondfluid, hencehybrid-Vilasov

Proton distribution function propagated in dixnensions

y

and Edpole h’' s following V'l a s equatios 1 B on cell faces ' %
—  Solar wind— streamof protonsand electrons (plasma) — Field solver propagateee magneti@and electric fieldsind > f(r e V)
— Solar eruptions may cause harmful effects on satedlites ncludest he effects of the electron g h :
electricgrids— great interest in better physical understanding : Vx
— Large scale plasma “| aboratory? ‘_A!ilg)r_;‘_S(Qr?tgl’LS)phys.FleldS.\”f c.an b.eP fi > X
experimentally be measured only in few places visited by probgs 9 ropaga 'Or? _ |
high quality simulations needed to fill in the gaps 5/ (V1) + v Vi f(rv,t) +a-Vof(r,v,t) =0 VxE= 5B — ProtonsFinite vo_IL_lme method, secc_)ndrc_nler wave propaggnon
¢ | V-B=0 method [4,5] split into 3D propagations Hspace propagation
aza(va—\ﬂXB%—p—qJXB) V 5 B = 0] (S;) and vspaceg(S,)
pqa(r) =q / fr, v, t)d*v E=-V;xB — g:'ieolldS: Lbwind constrained transpartethod [6]on staggered
' 1 . 3
Ji(r) = /Vf(r,v,t)d?’v J vt ) [ (vt + 5 dh)
: Sa(dt) > Sidt) > [S,(dt) > |Sidt) > coo
v, =2
Dy B(t) B(t + dt) B(t + 2dt)
f(x,v,1) flz,v,t+dt) Flz,v,t + 2dt)
— Hybrid-Vlasovgives noisgree representation of proton A P
distribution function (cf. hybrid particia-cell) with good J(t) = 3LF(e) + 77 (84 di/2)]
representation of even tenuous regiemew science enabled flt+ %dt) — %[f(H dt) + f*(t + dt/2)]
B(t) |Fieldsolver >B(t+dt) 000

Scalability & Throughput

« Computational challenges

simulated ovell(® steps

« Parallelization

Target Is to scale to tens of thousands of cores
Hybrid MPI+OpenMPparallelization

e r-space over MPI,-gpace oveOpenMP

 Reduced overhead from boundary cells and better load balancing

Local 5D tests on Cray XE6 with homogeneous plasma
 Close to perfect strong & weak scalability (upper figure)
 Improved scalability with threading (middle figure)
Global 5D tests on Cray XE6

e Scalability limited by strong computational imbalanseghstepped
acceleration and sparse velocity space

e Vectorization

Coresolvers operate on vectors with 4 floating point valués
Efficient utilization of SSEZAnd AVX instructions

52% better performance on Intel Sandy Bridge

31% better performance on AMD Istanbul

Typical global 5D (2 inr-space and 3 im-space) hat0' phasespace cells

£
e Good efficiency up to 20 spatial cells per core at 16k cores (lower figui)

e Simulation setup

5D simulation of ecliptic plane450x900 cellsn r-space, and
up to50x50x50in v-space

25 - 103 spatial cells
50 - 10% spatial cells
100 - 102 spatial cells
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Sparse proton distribution function
Reduced problem sizenly nonzero velocity bloclexist
n typical simulations 1% fill rati@nd overhead less than 10%

ncreases performance, and also decreases memory,
communication and IO proportionally

Distribution function is divided in blocks of 4x4x4 velocity cells

A block exists if it, or anyeighbonn the six dimensions have
content

A block has content if the value in any of its phase space cells
above a user defined threshold

In figure A,B have content; E,C haweighborswith content; D
does not exist
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EJL 200 - 10 spatial cells _ _ o _
: — Typical solar wind conditions (velocity 500 km/s, number
g density 1lepbmagnetidield 1 nT at 45 degrees with respect to
= Earth Sun axis)
N B 1.7e-011
e Results oo, | 11eon
— |sable toreproduce keyeatures of oo Ml .
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solar windmagnetosphenmteraction
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*—* 2048 cores — lon foreshockBackstreamingon population o
- —e 4096 cores d - t (EM . t
e 8192 cores and associate@M-wavesin agreemen
1.3 o—e 16384 cores with observations
1.2 — Magnetosheatisubjectto mirror instability
) — Detailedand noiseless description okpace,
breakthrough for understanding kinetic processes
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