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OVERVIEW

= Data collection
— Experimental setup
— Example datasets

» Data analysis and transformation
— GUI overview
— Crystal coordinate transformation

= HPC workflow solution
— GUI-controlled workflows
— Distributed computing on Theta
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DATA COLLECTION
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MEASURING X-RAY DIFFUSE SCATTERING
WITH CONTINUOUS ROTATION METHOD

Incident Beam
87 keV

Detector
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DIFFUSE GALLERY

~50TB collected in
April and May, 2018
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X-RAY SCATTERING GEOMETRY

Continuous rotation method

= The sample is continuously rotated at 1°s!

Frames are collected at 10Hz

= 3600 x 8MB frames
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Q-RANGE IN ROTATION METHOD IN SECTOR 6

= With the following parameters,
we cover -15A-1<Q<15A1

= Ei~ 87 keV

= A~0.14A

= Detector distance ~650 mm

= Pilatus 2M CdTe: 1679x1475 pixels
= Pixel size ~170 pm

= This Q-range includes thousands
of Brillouin zones.

- e.g., fora~ 10 A, ~60,000 Bragg peaks
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TRANSORMATION AND ANALYSIS
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: PYTHON TOOLBOX FOR NEXUS FILES

B NeXpy v0.10.8

mullite_300K/entry/transform

1. Tree View

2. Plot View

3. IPython Shell
4. Axis Panels
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I Jupyter QtConsole 4.3.0

» 2 Python 3.6,1 IAnaconda custom (xB6_64)| (default, May 11 2017, 13:04:09)

B Type ‘copyright’, ‘credits’ or ‘license’ for more information e
(& IPython 6.2.1 -~ An enhanced Interactive Python. Type ‘7" for help.

x In [1]: chopper.entry.sanple. temperature=49.0

chenical_formula = ‘MgB2*
distance = 0.0

e e gpipinstall nexpy

| Properties Values

$ conda install -c nexpy nexpy

P e— 50 E asz 453 asa 55 ase as7 458 asa
8 Data/Mulite/mudlite_300K.nes 400 46,0508 50.2773 | 48.9138 47.8388 | 46,3517 | 453884 | 45.4802 49,6699 402136 | 49,1844

e HEEEEE ttp://nexpy.github.io/nexpy/

fantryldatalv | | a;1 455005 | 47.3543 |49.832 | 47.7300 | 46,8616 | 44.3143 | 45.4561 | 45.1781  48.2626 | 49.4113
‘300K /ransform.nxs
floataz| 403 4B.1115 | 44,6631 |42.2794 44,6632 46.9076 | 46.901B |47.9765 47.7784 435122 |46.623

402 44,3460 445123 |43.8063 45.2071 | 47.5143 | 49.4860 |45.361 439707 45.4951 | 46.6607

(801,801, 801) | 204 47.7095 48.4961 |47.2611 44,483 |42.9471 |43.2156 |47.7771 47.356  48.401 | 44,4001

Mawir ha
i (800801800 oy 427963 48.14T1 | 46.071 | 46.1506 | 447168 | 444108 | 426754 45,8994 47.068 | 48,6795 te FAI
Compression ip. o
Chunk Size (32,32.32) 408 424711 415807 43020 481021 | 47.2006 | 43.8715 | 44,0205 44.0002 43.4823 | £7.622¢ — — py
il Valua 00 407 45.9625 447984 | 44,4262 436258 | 45.4965 | 46.4767 |45.8871 432717 | 44.0024 431257 IE:SRI; .
%08 40,9825 30.8702 | 38.6647 37.0206 40.0002 45.0021 | 45.4504 47.2183 433580 | 44.4375 Fablo
408 311627 | 30.2026 |20.6753 32632 |93.3268 | 916122 |35.0063 377646 410146 |40.5073 The European Synchrotron
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9 Forecast Maps Apple ¥ Argonne ¥ Meutrons ¥  Journals ¥  Computing~ BBC~ News~ Local v
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print(data2D[0:np.pi,0:np.pi].tree)
data2D[0:np.pi,0inp.pi].plot()

In [24]:

data:NXdata
gaxes = ['yvals',
gésignal = 'zvals'
title = 'Example 2D Data'
xvals = float64(51)
yvals float64(51)
zvals = float64(51x51)

'xvals']

Example 2D Data
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Manipulating NXdata Groups

The NXdata groups can be used in arithmetic expressions involving addition, subtraction, multiplication, and division, using the
same broadcast rules as Numpy arrays.

bkgd=100.*datalD.energy_transfer

In [25]:
(2*datalD+bkgd) .plot() 10

Exvamnple 1D Data
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CCTW - CRYSTAL COORDINATE
TRANSFORMATION WORKFLOW

Written by Guy Jennings

Performs transformations from detector coordinates to reciprocal space =
oS US id Be=——n
Full volume transformations using a strategy of dividing
input and output datasets into smaller ‘chunks’
— typically 100x100x100 elements in size TGN Ca— - — | 000 00
— chunks transformed in parallel on a multicore machine Onor oo e wgonne &

— chunks merged together in the final dataset. el ey

Science & Edu.

Operates on up to 50 GB data P
Core numerics in C++ 4

Considerably faster than prior code

Areas of Interest

Previous programs were too slow to transform
whole volumes

CCTW operates in only 10-20 minutes for a

Pilatus 2M detector
11



INITIAL WORKFLOW

The parameters of the workflow are determined ﬂ
interactively after an automatic peak search.

= Refine detector geometry '"

= Determine orientation matrix “ 1

= Perform coordinate transformation Using CCTW

= Merge transforms from three positions :

» Once the sample is oriented, the workflow is automated for other

temperatures; the orientation

matrix is refined automatically




HPC WORKFLOWS
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HPC SYSTEMS AT ALCF

Theta and related systems

= Argonne Leadership Computing Facility

» Theta (this work)
— Based on the Intel KNL 7230 — no GPUs
— 4,392 compute nodes
— 64 cores per node x 4 threads per core
— 208 GB RAM per node
— Near 12 Petaflops

= Aurora
— Based on 60,000 Ponte Vecchio GPUs
— Will exceed 2 Exaflops 14

f

Tomorrow
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SWIFT/T. ENABLING HIGH-PERFORMANCE
SCRIPTED WORKFLOWS

Supports many task types for HPC ‘,\

= Write site-independent scripts, SWIFT/T
translates to MPI

_ . . i
Automatic task parallelization and - ‘ Swift/T worker .
data movement control ||| |

= |nvoke native code, script fragments sl | |
in Python and R | MPI

= Rapidly subdivide large = | e
partitions for MPI jobs - /__/-\1/

. . £ ] ) 64K cores of Blue Waters
In multlple ways (MPI 30) - / 2 billion Python tasks
= 14 million Pythons/s
$ spack install stc o rocesses - Swift/T: Scalable data flow programming for

distributed-memory task-parallel applications
Proc. CCGrid 2013.

$ conda install -c lightsource2-tag swift-t
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WORKFLOW MANAGER

|X| NeXpy v0.10.10+109.g42eb5c3
File Edit Data Refine View Magic Window Script Help

NeXus Data ] |
» B exp_87_813_a |X| Manage Workflows
» B pycco_ 100K
» B pycco_ 110K \Chonse Sample Directnry| |,'data;‘userﬁidd,lGUFr56954fpycco,ln5{!21gB_xla \
~ B pycco 120K
- entry ‘Chouse Parent Fi|E| |py((oﬁlOﬂK.nxs ‘
b instrument " a o
» masked tra Scan data link max find copy refine transform combine pdf overwrite reduce
» nxmasked d regular masked regular masked
- 100K 7 7 o} — i ran e} = e} e}
: ?;rﬂgflg,m 110K v v 800 IX] ‘pycco’ Logs
- fl 120K v [F] S
b data 122K v v 144K | 1 | | transform |
¥ instrument 124K Il v 3
Eg: :.‘ : data/user6idd/gup-56954/pycco/ns821g3 xla/pycco 144k.nxs\#}f1/data,’data.--ul_Jtput /data/user6idd/
~ detector 130K 7 7 gup-56954/pycco/ns021g3 xla/144k/f1 transform.nxs\#/entry/data --normalization @
beam 132K 7 7 Output: result -> 4
gea"‘ 134K v ]
d;st‘c; 136K v v set normalization to ©
framd 138K v v
orient 140K v v message: 18:43:12 about to open input file: /data/userfidd/gup-56954/pycco/ns21g3 xla/pycco 144K.nxs
142K v v dataset: /fl/data/data
ol 144K v v message: 18:43:13 opened input file "/data/user6idd/gup-56954/pycco/ns821g3 xla/pycco 14dk.nxs" ok, ds
ple-I_ 146K v v "/fl/data/data", norm 1, dsid 83886080, ds2id -1, cmprs @
roll | 148K v v message: 18:43:13 input dimensions [1475,1679,3649], hdf chunk size [1475,1679,1], input chunk size
shape 150K v v [1475,1679,11, chunk counts [1,1,3649]
transl 160K v 7 message: 18:43:13 about to open mask input file: /data/userfidd/gup-56954/pycco/ns021g3 xla/pycco
transl 180K v v 144k.nxs dataset: /fl/instrument/detector/pixel mask
yaw 200K = 7 message: 18:43:13 mask file same as input file
» goniomef 250K = 7 message: 18:43:13 opened mask input file ok .
» logs 300K 7 7 message: 18:43:13 mask has 212567 of 2476525 bits set .
» monochr Al message: 18:43:13 no dataset name given for angles file, skipping
» source message: 18:43:13 no dataset name given fnr welghts file, skipping
» masked tra | Update Status | message: 18:43:13 about to open output file: /data/user6idd/gup-56954/pycco/nsB21g3 xla/144k/fl
» monitorl e transform.nxs dataset: /entry/data
» menitor2 message: 18:43:13 opened output file "/data/user6idd/qup-56954/pycco/nse21g3 xla/144k/fl transform.nxs”
b nxcopy ok, ds "/fentry/data", norm 0, dsid 83886081, ds2id 83886082, cmprs 6
b nxfind — ) message: 18:43:13 output dimensions [1501,1501,1501], hdf chunk size [32,32,321, output chunk size
» nxlink [32,32,32], output chunk count [47,47,47]
b nxmasked transform message: 18:43:13 starting transform
b nxmax
b nxrefine 5% mmpliti‘dd
g 10% complete
: gég::“rm signal £3 Y 15% completed =
» radial sum o T - -
» & sample ‘Vlew Server Lugs| ‘VIEW Workflow Logs| |V|ew Workflow 0utput|
b summed_data
b transform - Close
|
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SUPERCOMPUTING USE CASE

Managing near-real-time data collection and analysis

» Use case: As data streams onto shared storage, it is informally visualized for
clarity, then automated data collection is started at various temperatures and
other settings

» Data sets must be oriented, a semi-manual process
» Thus, a backlog of transformations (for CCTW) is queued up (tens to hundreds)
» Data is automatically synced from beamline storage to the ALCF via Globus

= Need to distribute work from the GUI-based workflow manager to the Theta
compute nodes

= Need to integrate Python GUI with Swift/T workflow

17 Argonne &



CONNECTING TO ALCF THETA

Combine Python-based GUI with MPI-based Swift/T workflow

= The GUI workflow fills in a small SQLite database with the work to be done and inserts
requisite command lines into a Python persist-queue

= This queue is stored in a generic filesystem and is portable to Theta, where it is accessible
by both the login and compute nodes

= Entries in the queue are consumed by a Python snippet in the Swift/T workflow and
distributed to free workers

dl — Many-core
. |m)|| cCTw Tasks =) | | CCTW Task

GUI (over X) persistqueue Swift/T Workflow

Login node GPEFS Compute nodes




CODE SNIPPETS

class NXFileQueue(FileQueue):
"v"p file-based queue with locked access"""

def _ init_ (self, directory, autosave=True):
self.directory = directory
tempdir = os.path.join(directory, 'tempdir')
self.lockfile = os.path.join(directory, 'filequeue')
if not os.path.exists(tempdir):
os.makedirs (tempdir)
with NXLock(self.lockfile):
super().__init_ (directory, serializer=json,
autosave=autosave,
tempdir=tempdir)
self.fix_access()

def put(self, item, block=True, timeout=None):
with NXLock(self.lockfile):
super().put(item, block=block, timeout=timeout)
self.fix_access()

def get(self, block=True, timeout=None):
with NXLock(self.lockfile):
item = super().get(block=block, timeout=timeout)
self.fix_access()
return item

GUI workflow

19

Swift/T workflow — queue access

string code = """
QUEUE = os.getenv("HOME") + "/NX-Q/nxserver/task_list"
Q = NXFileQueue(QUEUE)
try:
TASK = Q.get(block=False, timeout=1)
except Empty:
TASK = "PERSISTQUEUE.EMPTY"

Swift/T workflow — task execution

def do_work(msg):
print("do work: " + msg + " ...")
sys.stdout.flush()
subprocess.call(msg.split())
sys.stdout.flush()

Argonne &
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CONCLUSION

= |llustrated end-to-end automated data transformation and analysis workflow
with HPC capacity to handle realistic data backlogs

= Demonstrated integration of existing Python GUI and MPI-based workflow
technologies

» Based on established codes tested over many data collection cycles

20 Argonne &
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