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* Rebecca Ringuette: Overview, model interfaces,
metadata.

e Darren de Zeeuw: Data-model comparison using
Kamodo’s flythrough, interactive visualization.

* Llutz Rastaetter: Cross-language interfaces,
specialized interpolators, CCMC-Vis.

* Asher Pembroke: Calling Kamodo from other
languages, Code-free and reduced code interfaces.



Kamodo: Simplifying Model
Data Access at CCMC

1 import kamodo_ccmc.flythrough.model wrapper as MW
* Model Reader: Model-agnostic direct e I R e el
kamod ! t reader (file prefix, varial I uest )

access to functionalized model data R g
(currently ITM and Magnetosphere).

@) E1=4()

PY F Iyt h ro ugh : F |y a t r-aj e Cto r-y ti m e _ " Jupyter ModelReader_Demo Last Checkpoint: an hour ago (autosaved) A Logout

File Edit View Insert Cell Kernel Widgets Help isted ¢ | Python 3 (ipykernel) O

series (real, generated, or user-given) B+ xeB 4y bR mCH e o ®
through model data.

Demo notebook for Model Reader

[ ) constellation TOOI . Reconstruct What In [1]: import kamodo_ccmc.flythrough.model wrapper as MW
° reader = MW.Model Reader ('GITM')
ix = 'D:/GITM/Data/jasoon_shim 071418 IT 1 short
kamodo_object = reader(file prefix, variables_requested=['rho_n'])

a satellite constellation would see =
using model data as a virtual reality.

k
pnijk(timehr), lon[deg], lat[deg], radius[RHI)I—i'] = A(time, lon, lat, radius)
3

[4]: import numpy as np

* PyHC Executable Paper:

from kamodo_ccmc.r er_kplots import plot2D
iplot (plot2D(kamodo_object, 'rho n ijk','LonLat',12.25,np.linspace(0.,360.,200),

Demonstration of model-data

Time slice at 12.250 hrs. Radius slice at 1.0643400 R_E.

comparison and interoperability with ST A
other packages. —




Kamodo: New and Planned
Features

BATSRUS/GUMICS block grid interpolator
- Specialized InterpOIatorS: BIOCk'ada ptive CFFI compilation script with interface routine definition

from ¢ffi, import FFI

grid interpolator for SWMF/BATS-R-US S 210

typedef int IDL_LONG;
typedef struct {mt mﬁmmlm mmm cmmm child. IDs[8];float

d GUMICS e
an 1nt ﬁmmgg,_blgckgloatx ﬂoaty floatz int Mmumm int max.level);

int xyz.rangesfint N, float *x, float *y, float *z, float *XR_BLK, float *YR_BLK, float *ZR_BLK, float *X_BLK, float ‘
*Y_BLK, float *Z_BLK, float t;ox,r,anag int Wm |
void sﬁ,tun.ggtmilm LONG N.hlks.in,

* Code-free interfaces: Create code-free e

actree. block *oactree.blocklist.in, FUﬂCtIOﬂ
IDL_LONG N.octres.blogks,

workflows with functionalized data. IDL0K “rsats ok Mgl o declarations

IDL_LONG *plogk.at.AMBLexel..ind:

float interpolete.anrdakalfloat xx.floek W.fleat 2z, float *field, IDL_LONG is.new.pRsition);
mt interpalateancdata.muliinosCfloat *xx.float, *w.floatk *zz, int npos, float *field, float *output);
e

mmmm _interpolate.anrdata”, # name of the output C extension

.
* Coming soon:
// always add any public function declaration in the separate ffibuilder.cdef declaration!

* Link to orbit propagators and TLEs as inputs sinclude <stdlih by

include "f
i B el (RO Interpolator

. o #include "setup.octree. h”
¢ Expand | | |Ode| a nd |nte rp0|at0r ||bra ry int L;tmala&g.mmxmmﬁﬂoat *xx, float *yy, float *zz, int ppes.floet *data, fleat *output){
for (int ipos=Q:ipos<npes.ipos++){
output[ipos]=interpolate_amrdata(xx[ipos],yy[ipos],zz[ipos],data, 1);

* Interpolator parallelization ey
}

ree_block.c','find_in_block.c' fmd block.c'], # includes gmmm SQUIGES.
hbrarles i mba] Yo # on Umx link with the math library

* Direct interactive access from other e e e e e C source files and

£fihuilder.campile(verbose=Tr [ [
8 (verbose=True) compllatlon

|anguages (eg C, C++, Fortran) #EFibuilder_compile()

[ ) O n I i n e a n a |ySiS Conta i n e r With m Od el d ata ;;ches it mterpolate amrdata.c',’xyz_ranges.c’, 'setup_parent.c', 'setup_octree.c', 'interpolate_in_block.c','find_oct ;




Kamodo: Demo Notebooks

* Model Reader notebook:
https://drive.google.com/file/d/1oknnmk53mwmdQxmaq2liQ-
Aeustcpv2fR/view?usp=sharing

* Model-Data notebook Part 1:
https://github.com/nasa/Kamodo/blob/master/notebooks/Model D
ata _Comparison-TIEGCM.ipynb

* Model-Data notebook Part 2:
https://github.com/nasa/Kamodo/blob/master/notebooks/Model Da

ta Comparison-ROR.ipynb



https://drive.google.com/file/d/1oknnmk53mwmdQxmq2liQ-Aeustcpv2fR/view?usp=sharing
https://github.com/nasa/Kamodo/blob/master/notebooks/Model_Data_Comparison-TIEGCM.ipynb
https://github.com/nasa/Kamodo/blob/master/notebooks/Model_Data_Comparison-ROR.ipynb

SWMF/BATSRUS, GUMICS:

* Interpolator for block-adaptive grids written in C

is linked to Python via cffi.

e Code suitable for:
 BATSRUS IDL (cell centered) data,
* GUMICS TecPlot (cell-corner based) or
* GUMICS DC (cell-centered) data.

Plans / Collaboration Opportunities:
* Extend interpolator to
solar-heliosphere applications:
* spherical coordinates

* generalized radial coordinate
 ARMS model (MHD of solar corona)

* Implement parallelized interpolation
in 4D (time+space)
* 3D interpolators arranged in time,
run in parallel to assemble time series.

Kamodo: Specialized
Interpolators and Readers

Python interpolator using C interface function and library.

# obtain number of blocks using the xyz.canges() function and allocation of array of ggctree.hlogk structures
(Fig.3)
#

seblk
Yehlks
zr.blk
%.blk=0CTREE. _BLOCK. GRID._EEL.new("float[]",N_4) # 2 elements per block, smallest blocks have 2x2x2=8 positions
Y. bl k=0CTREE. BLOCK. GRID _EEL.new("float[]",N_4) # at cell corners (GUMICS), so maximum array size is N/4
z.blk=0CTREE. BLOCK. GRID_EEL.new("float[]",N_4) # BATSRUS blocks have at least 4x4x4 cell centers
box..range=0CTREE. BLOCK..GRID. EET .new( " float[1",6)
N_blks=N_b1ks=0CTREE_BLOCK_GRID_LIB.xyz_ranges(Ncell,x,y,z,xr_blk,yr_blk,zr_blk,x_blk,y_blk,z_blk,box_range,1)
N.ostree~int(N.blks*8/7)
octree_blocklist=0CTREE_BLOCK_GRID_FFI.new("octree_block[]",N_octree)
# Code to complete population of ggtree.blocklist array used by interpolate.anrdata() is not shown.
# Variable registration:
# Registration includes creating a Python interpolator wrapper for each quantity.
# Interpolators are then stored in the Kamadg object along the data and units.
def register.varighle(self, varnome, unikss
"""register variables into Kamodgq for this model, SWMF-GM"""
def interpolator(xyes):

var_data=0CTREE_BLOCK_GRID_FFI.new("float[]",list(self.variables[varname]['data']))

AV oy [T o \Y @ A7 -P)

3Ros~0CTREE.BLOCK. GRIDEEL.new("float[1", list(xxesl:,01))

yRos=0CTREE. BLOCK GRID.EET . .new( " float[J", list(xvesl:,11))

2r0s~0CTREEBLOCK. GRIDEET..new("float[1", List(xxesl : ;210D

ores=len(list(xxesl:,01))

retucn.data=11ist(nR.zeros(ores.dtypre=np.£1005))
return..data ££i~0CTREE.BLOCK.GRID. EET .new( " float[1", netucn.data)
pythen.Joop=False
if python.Joop:
for i, in range(ppos):

return_data[i]=0CTREE_BLOCK_GRID_LIB.interpolate_amrdata(xvec[i,@],xvec[i,1],xvec[1,2],var_data,1)
else:

QCTREE, _BLOCK..GRID._EET .new("float[]",N_4) # 2 elemts per block, smallest blocks have 2x2x2=8 positions
QCTREE. BLOCK. GRID EET .new("float[]",N_4) # at cell corners (GUMICS), so maximum array size is N/4
QCTREE,._BLOCK. GRID. _EET .new("float[]",N_4) # BATSRUS blocks have at least 4x4x4 cell centers

IS_OK=OCTREE_BLOCK_GRID_LIB.interpolate_amrdata_multipos(xpos,ypos,zpos,npos,var_data,return_data_ffi)
return.datal : 1=list(retucn.dataffi)
toc=time.LineO
return petucn.data
# store the interpolator

self.yarigbleslvarnamel ['interpolator'] = interpolator




Kamodo: Specialized
Interpolators and Readers

Using OpenGGCM Fortran library

ppenGGCM magnetosphe.re and [ kamodo_ccmc/readers/OpenGGCM $] cat readmagfile3d.f Signature Of entry
ionosphere electrodynamics: : . .
. . subroutine read_3d_field(path3d, pOInt routine.
* compressed files decoded using Fortran & teedfeidvarnxnynz ascitime) |
Iibra ry Via fzpy. I character(len=40) :: path3d B.Ulld rea.dopenGGCM
5 character(len= :: path3d 0
* Conversion performed on CCMC server. charscertgovar :;Ziazym“:i:gjﬂé“m \
. Created 4D (slpaﬁe+tirﬂe) NetCDF files for oo ) read_b__grids.f \
Kam + F r integer fileNo d_ctim2d.f\
amodo yt Oug . . in:eger;LN i :z:dr:algrzlew.f
* Access to large data files using Xarray. ity
.. o . integer nz
Opportunities for Collaborations: Lo S o
. . . . |f22§:::2::§::)0u$)at threeDfield SpeC|flcat|0n foerpy
4D (time+space) b o .
. . . . fileNo2=
* Split large grids into sub-regions as o wite (0 openingie: [pattatsl
needed for faster regional analyses (Near: i musatiencs threconelcmemmsuarssartimer) Python use:
Ea rth, day5|de, etC. ) . :fleﬁ?g”eNoz) import readOpenGGCM as ropgm
* Use 3D reader/interpolators in Pa rallel to e ereerente # read ‘bx’ from 3D data file (*.3df.277772):

create 4D interpolation. end (field3d,nx,ny,nz timestring) =
e ropgm.read_3d_field(filepath, fieldbuffer, "bx’)



Kamodo: Specialized
Interpolators and Readers

Collaboration Opportunities:
GUMICS:
* Added support for GUMICS-5 *.dc files in IDL (CCMC online vis.):

* Grids as large as 15 million cells tested.
* Possible to read subregions of grid.

GAMERA:
* Model writes multi-timestep magnetosphere HDF-5 output files.

 MPI model generates outputs for separate parts of grid:
* Parallelized reader and interpolation.

 Specialized Fortran interpolator to be supplied by modelers.



CCMC-Vis: Added Features

New: Oblique cut plane

. srmomecitee - Qbliqgue plot plane options
User Interface Modernized: N

O Normal Vector (N): X: ‘0 ]Y: ‘-1 ‘Z: ‘0 ‘

- - Distance from Origin along Normal (D): ‘0 ‘ Rg
() O I t e m S e I e a t t O P I Ot IVI O d e S e I e Ct O S h O Normal vectors for axis-parallel cut slices aligned with coordinate axes: X=const: [1,0,0]; Y=const: [0,-1,0]; Z=const: [0,0,1]
n I r V n I n W n . E-direction is along (Z-axis x N) or if NI(Z-axis) along (Y-axis x N)

@® Local Time: [ 15 ‘ (Local time applies for >0, plane through origin, { axis along Z axis of selected coordinate system)

* Advanced options on demand only. s 55

P I Ot f e a t u r e S a d d e d Y | Reset Form | Reset Form will reset changes to the defaults specified by the previous run of this script.
[ ]

Update Plot | Update Plot will update (generate) the plot with the chosen time and plot parameters above.

* Oblique slices and coordinate transformation (SM-GSM-GSE) """ ™= = memaemeey
* Side-by-side plot comparison for multiple runs. |
* Choice of color tables.

Models added: L5
e SH: Euhforia
* GM: HYPERS, GAMERA, GUMICS-5
* IM: IMPTAM, VERB-3D e oG e e =

 IT: PANDOCA, JB, IRI, IGRF (run-on-request runs) ~
WACCM-X, Adelphi, AmMGEO, SuperDARN R

Model ot CCMC: BATSRUS

N [em™]

30.1




Kamodo-Core Remote Cap'n Proto
Procedure Call (RPC) Update RPC

Client Server

* Improved code base released by Ensemble
team via Kamodo-Core Version 22.5.0.
« Adds RPC-based cloud & API :
Configurability, :
 Cross-language usage enabled (Fortran,
C++ etc)
e This RPC specification, built on Cap'n Proto -
serialization protocol, provides a flexible and generic ® call foo()
means for Kamodo end users to call containerized T
Kamodo functions @) call bar(x)
 The KamodoClient, which subclasses Kamodo,
behaves just like Kamodo core's base class,
except that all interpolations and function Binary Data Streaming: In addition to the basic python
evaluations will occur within the remote data types, functions can send and receive binary data.
containers that implement them.

This allows NumPy arrays and accompanying metadata
to be communicated as quickly as possible without the
need for JSON serialization on either end.


https://capnproto.org/

Kamodo-Core Code Free Interface

Containerized custom workflows

[ ]
. ® ®® i EnsembleSatellite DragExplor X+
[ ] I l lte ra Ct IVe a CC e S S to I I l O d e I d a t a & > C A NotSecure | elbst-kamod-1ephd8j7y0efn-1022984894.us-east-1.elb.amazonaws.com:1234
© ™ @ A £ "®
Ensemble Satellite Drag Explorer
. ok 2 model data re
® G re a t fo r C O l I | I I I e rC I a I a l l d . Satellite drag tends to affect orbits < 1000km. Below is a time series of orbit parameters for the International Space Station, for which ~ 2018-04-1110:20:39 2018-04-1123:17:39
we'll estimate satle}\hte drag. Use the time slider on the right to control the time period of interest.
L) . L)
education a pp lications e
L]
* PS://yOutu.be/vpJg VC
L] L]
™

12:00
Apr 11, 2018
My Workflows
h The Global lonosphere Thermosphere Model (GITM) simulates ionospheric density due to solar activity as a function of latitude, longitude and altitude. Use the dropdown menu
© Create aworkflow 2 : and altitude slider on the left to visualize GITM in 2D (left) and 3D (right). The model output is mapped onto ISS trajectory using Kamodo's function composition
[) P (lon, lat) = pye, (lon, lat, alt) = A(lon, lat, alt), lon = [~6.0, ~2.0000000000000004, .. |, lat = [91.5, ~90.5,.. ], alt = 106283

Custom workflow 1 ~

, - Select a workflow to start o —

Custom workflow 2 A

\ I_x’ g

[ satellite Data Model Model
Fly Through Comparison Coupling



https://youtu.be/vpJgtAMCVvc
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Kamodo: Future Plans

* Open Science: Improve documentation, build open access to
compute capabilities next to model data, include miniature

executable papers as tutorials.

* New features: Orbit propagators through pysat, heliospheric
coordinate systems through SpacePy, image analysis through SunPy.

* CCMC core improvements: Expanded model library through
collaborations, parallelized interpolators, HAPI layer on top of

flythrough function, line-of-sight calculation tool.

* Science research: Constellation studies, expanded model-data
comparisons, model-model interfaces for model coupling



