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ABSTRACT IMPLEMENTATION PERFORMANCE
Extra-tropical cyclones moving along_ stprm tracks are responsible Number Time (s) speedup for CESM 1-year SLP
for much of the day-to-day weather variability and extreme weather stormtracker.py of MPI 5 - rotal 1000
1 Lot .. ] : Tasks etector Linker ota
events at mid-latitudes. Hence,_ It Is of Qre?‘F lnter_est 0 Stu_dy _a_nd e The main controller for generating Grid, Center and Track stormtracker.
g g Py
understand cyclone track dynamics and variability. With the availability objects P —— 1 [1028.221 569.55  1597.78
of large ensemble_datasets, such as the CMIP5 archive, it !s critical that « Manages parallel MPI processes from linker import Tracks 2 517.25 29734 81458 o 100
any cyclone tracking program used to study these dynamics is capable it name_ == main_": 4 261.58 160.38 42196 §
of processing such large datasets. RectGrid class ii:t;iicgfﬂdﬂiﬁﬁﬁhz""'") - mrae | mmis | e §. 10 //H_‘
We have begun development on a parallel Python package, named * Rectilinear grid derived from Grid class tracks = Tracks() //
PyStormTracker, which locates cyclone centers from model outputs and * Does not read data until actually required tracks-append_center(centers) B I W R /
compiles a list of cyclone tracks. In the PyStormTracker's initial « Splits self into smaller objects by time section 32 46.99 30.73  77.72 1 7
Implementation, we define cyclones as local minima of the mean sea Center class 64 3044 2143  51.86 1 16 256
Ie_vel pressure field. The cyclone_s are detected using SciPy's _mult_l— . Detects centers from Grid object using scipy.ndimage.filters 128 2080 1759  38.39 Number of MPI Tasks
dimensional Image processing library. Cyclone center detection Is « Calculates great circle distances between centers detector.py linker. 256 17.67  15.86  33.53 _— —~
] ) ) .. 1 PY| Ideal Speedup ——Detector
accelerated using the MPI4Py message passing library, parallelizing — — —
. . . ] . class Grid(object): class Center(object): class Tracks(object): 512 15.77 15.17 30.93 —eLink Total
over time steps in the input dataset. The tracks are generated by linking Tracks class | o » R InKer ota
. . . - . . . . RectGrid(Grid): init , time, lat, lon, : def _ini If): . . .
cyclone centers together, in time, using the nearest neighborhood « A collection of tracks, which are lists of Center objects class Rectrid(erid) d;;‘;l'dgt‘(i;f, o s lon van e T elf, canters) 1024 1563 1520  30.83
' ° i<ti I def __init__(self, filepath, trange): def d_center(self, centers):
method. We have evaluated the performa_mce 01_: the packag_e on NCAR_S I\/IE_:ltCheS centers to existing Tracks using nearest e et def append center(sel centers - | Speedup for CESM 15-year SLP
Yellowstone cluster. The source code is available at GitHub, and is neighborhood method et get_var(el, trange): o Time (s)
- - - - - [ i i " d it ) . (o)
designed to be extensible such that new detection and linking ;fnrz\?\fi?:g; appends to existing track; else appends center as ef split{self, num) LI ma— — —
algorithms can be independently implemented. +Merges two Tracks objects 16 105731 74945 1806.7¢ 100
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INTRODUCTION Task Parallelism Task O grid grid » centers » tracks | tracks b
SR . . 64 27201 33767 60969 @ 1
« The grid is initialized using meta data only, such as data file (meta data only) : 3
» Extra-tropical cyclones are responsible for much of the day-to-day weather path, time range and tracking parameters Task 1 grid *|_centers *|__tracks 128  143.80 264.06 407.86
variability and extreme weather events at mid-latitudes * The grid is sliced into different time sections and distributed Task 2 arid J certers bl Tracks 256  80.64 226.78 307.42
« Most current cyclone trackers are written in FORTRAN, source codes are to different MPI tasks 4> 1
ot readil . _ ) . - . Each MPI task reads the data file individuall i : ) ) (tree reduction) 512  47.35 209.60 256.95
y available; hard to modify, optimize, or compare existing cyclone ac task reads the aata file Individually, creates a list Task 3 grid *| centers »| tracks 16 256 4096
trackers of Center using local minima detection and connects the 1024 30.71  200.80 231.50 Number of MPI Tasks
« Areview of fifteen cyclone trackers (Neu et al., 2013): Tracking extra- Cent_ers together to form a Tracks object for the assigned time Task 4 grid *|_centers *|__tracks 2048  23.16 197.29 220.45
tropical cyclones is challenging; cyclones vary greatly in size and shape, section Ideal Speedup ——Detector
ith different velocities, split and merge over the lifetime * The tracks are combined using tree reduction e e e :
move Wi , SP g Task n | gnd » centers »  tracks Linker Total
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» To utilize parallel computing technique to accelerate processing of large
amount of data
 MPI4Py as an interface to the MPI message passing library

The source code repository is available at:
http://github.com/mwyau/PyStormTracker
Contact: albert.yau@stonybrook.edu
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