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Motivation - Outline

Massively parallel solvers create data at ever
Increasing rates
Our ability to write, store, and process the data has
not kept pace
Co-visualization seeks to resolve this dilemma
Key components must be carefully combined

e Solver: PHASTA CFD solver

e Visualization tools: Paraview Coprocessing library,

pvserver, and client GUI
e |/O Acceleration: GLEAN
e Hardware: Argonne ALCF (Intrepid/Eureka)
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Live data visualization strategies

e Classical Co-Vis (CCV):
Simulation data is sent to pvserver unfiltered,
pvserver applies filters and renders on vis cluster
e |n-situ data extracts (ISDE):
Filters process simulation data on supercomputer,

send extracts to pvserver for rendering on vis cluster

e Data transfer between supercomputer and vis cluster:
- VTK Sockets: CCVS or ISDES
- GLEAN: CCVG or ISDEG
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PHASTA CFD solver

e Parallel Hierarchic Adaptive Stabilized Transient
Analysis

e Models compressible or incompressible, Laminar or
turbulent, steady or unsteady flows

e 3D finite elements discretization in space and fully

implicit in time
* Used to model air flow over airplane wing, blood -

flow, two phase flow, etc
e Scaled to 288K cores (JUGENE - SC09)

5B elements mesh (Jugene:IBM BG/P) Eqn. form. Eqgn. soln. Total
num. of core | avg. elem./core time | s-factor || time | s-factor || time | s-factor
65,536 (base) 76,480 119.64 1 162.59 1 288.23 1
131,072 38,240 59.69 1.00 84.09 0.97 143.78 0.98
262,144 19,120 30.02 1.00 43.24 0.94 73.26 0.96
Co01912> 16,995 2671 | 1.00 || 30.15 | 002 | 65.86 | (0.0)




Analysis challenges posed by PHASTA scientists

e A “window to the simulation” to understand state

and progress

e Extract continuous and reconfigurable insight from

massively parallel simulations
e Enable interactive simulation / simulation steering

e Reduce the data being written to storage
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What is the ParaView Coprocessing Library?

# Create the reader and set the filename.

reader = servermanager.sources.Reader(FileNames=path)
view = servermanager.CreateRenderView()

repr = servermanager.CreateRepresentation(reader, view) l \u g l I le nted

reader.UpdatePipeline() . o
) datalnfo = reader.GetDatalnformation() SCrl pt N

SCrI pt Export pDinfo = datalnfo.GetPointDatalnformation() .
arraylnfo = pDiInfo.GetArrayInformation("displacement9") I n put d eCk . .
PHASTA Simulat

‘) # get the range for the magnitude of displacement9 lmu a 1011

range = arraylnfo.GetComponentRange(-1)

lut = servermanager.rendering.PVLookupTable()
lut.RGBPoints = [range[0], 0.0, 0.0, 1.0,
range[1], 1.0, 0.0, 0.0]

lut.VectorMode = "Magnitude" &

repr.LookupTable = lut

repr:CoIorAttr\buteTyp; ="POINT_DATA" P araVi ew
Coprocessing

Output
Processed
Data

F R 8% e8¢

Statistics o | [T I——

Series Data

Polygonal Output
with Field Data

Rendered Images
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Run-Time visualization with PHASTA

Supercomputing Facility | /Home Institution\

Vis Cluster Workstation

Compute resource VTK sockets

PHASTA + ParaView
Coprocessors server

e PHASTA simulation running on 160K cores of Intrepid BG/P

e ParaView server running on up to 100 Eureka nodes (800 cores)

e ParaView client running on Eureka head node and accessible via VNC
e VTK sockets or GLEAN for data transfer between Intrepid and Eureka
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Procedure

e Start simulation + coprocessor on supercomputer

® Rensselaer SAEF




Procedure

e Start ParaView server (pvserver) on vis cluster
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Procedure

e Launch ParaView client, connect to pvserver

=
)
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Procedure

e (Create Live Data Source filter
e pvserver now communicates with the coprocessor

=

=
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Procedure

e (Create Live Data Source filter
e pvserver now communicates with the coprocessor
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Procedure

e (Create Live Data Source filter
e pvserver now communicates with the coprocessor
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Resources - ALCF

Intrepid BG/P Compute Resource
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Problem Description

tip

 CFD simulation with PHASTA
» Active flow control applied to a
NACA wing profile

e Finite wing

e Angle of attack a.= 9°

e Swept angle 30°

* Re =100,000

e Synthetic jet with blowing
coefficient C,=1.2 and f,, = 1,750Hz
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Problem Description

Flow control applied to a NACA wing profile (3.3 Billion elements)

velocity Magnitude ; _ I ,"':,? » velocity Magnitude

15 . B8 ’ 15

Em Em
4

8
b

0

Cut plane through a synthetic jet  Isosurface of vertical velocity colored by
and velocity magnitude velocity magnitude near the slit of a
synthetic jet

Colorado \\\(( Kitware Argemgﬁ Rensselaer BAEF 16




emonstration

Applications Places System [E5) ue Nov 8, 4:03PM Do @

W TigerVNC: mrasquin's X desktop (login1:2)

File Edit View Terminal Tabs Help @ aravie it ; e T ———

—
Intr... ¥ |Intr... X |Intr... X |Intr... ¥ |Intr... ¥ |Intr... 3 |Intr... 3 |Eur... ¥ |Eur... ¥ |Eur... X |Tig... ¥ |[Ch... Eile Edit View Sources FEillrs Tools
Time derivative of solution is set to zero (SAFE) %) [E‘, Qg‘ $ » K< p>>pE ™ B
B G (o [o) o) (s I Rsdktgd: Beea
Time, closefile is : 0.017118 s = —
Time, flnaluempuo is : 0.000057 s .__J » GLEANsewpCovisCortourFast  GLEANseapCovisSlice  GLEANseaphSituSlice  livedatasetupCovisContourFast  livedstaseapCovisSlice livedatssetiphSitiContowr  livedatasebipinSau Slice

Element block size = 64 i X (Fl&lo]@) (m]e]o]x]
Domain size (x,y,z): 1.8148316725 0.8000000000 0.7555500000 [ ecmncato mn

Total number of modes = 9303494 @ |- At
Number of global nonzeros 194748369 ~

Time, initph S, ofF L, s 1 t
== CORPULS résoures
Not found projection vectors

Time, closefile is : 0.014392 s

projection vectors are being initialized to zero (SAFE)
starting coprocessorinitialize()

smapplication initialize

done smapplication initialize ©.553011

Efve PHASTA simulatio

Ve

by
done initialize _python 4.479311
import_cpscript
done import_cpscript 0.173187
doing coprocessing
coprocessorinitialize(): 5.62233996391296387
1 2.574E+01 3.198E-05 ( 0) 5.357E-02
1 2.589E+01 1.151E-05 ( -4) 6.139E-03
phastacoprocessor(): 7.24842000007629395
coprocess(): 0.255553960800170898

Analysis.resource

Ligen Port |

Cacre S [1

Sodes Per [
Process

|\x:n.a=
- %] Cortour

.832E-03 8l-%+¥¥x| 27> [ 12 - 10]
.724E-03 < 82-%****| 25> [ 52 - 13]

wn
A

Last timestep: 5.000
(] snap 1o last timwsaop

2 3.347E+01 1.000E-03 ( 14) 6.465E-02 5.074E-03 < 82-**xxx| 27> [ 10 - 10]
2 3.385E+01 4.787E-06 ( -8) 8.902E-03 4.830E-02 < 82-=xxxx| 26> [ 200 - 12]
sleeping 10.0000000000000000 seconds
wake up

phastacoprocessor(): 0.208401679992675781E-02
coprocess(): 0.213434934616088867

3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-%**++| 27> [ 10 - 10] xterm Xterm

3 4.456E+01 4.623E-06 ( -8) 1.164E-02 2.198E-01 < 107-*****| 26> [ 200 - 18] 674 more seconds. Have you saved the logfiles from the paraview GUI and From PHASTR?7??
sleeping 0.000000000000000000E+00 seconds 5 o6 LT (4/n)

3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 <  25-**==x| 27> [ 10 - 16] G L g - , oy

3 4.456E+01 4.623E-06 ( -8) 1.164E-02 2.198E-01 < 107-**=+*| 26> [ 200 - 18] compat ipaltolcl Imtllaali iz S BRI iG: esvenslon W Whilelsetrolon dl selailic2.07:
sleeping 0.000000000000000000E+00 seconds proc(0) process_strean ~/puserver_eurekaX . /startParaviewbui_Ben_mpich.
wake up lproc(0) process_strean iave, wou saved the dogFiles fron the paravics GI Fand from PHSTIZ??
phastacoprocessor(): ©.730829238891601562E-01 Iproc —t ("/")
coprocess(): 0.213078022003173828 xnn exd

4 4.508E+01 2.963E-04 ( 9) 5.542E-02 4.153E-81 <  25-*****| 26> [ 48 - 10] LN "mms @m “ @F

4 4.539E+01 1.835E-05 ( -2) 1.154E-82 3.295E-81 <  25-****x| 26> [ 148 - 14] roc(0) Hrocesmat oo w i gt A Aty e g S N
sleeping ©.000000000000000000E+00 seconds pmc(a) process_: stmn
wake up ) process_streal s
phastacoprocessor(): 0.574548006057739258 ;:cgghg;g; @@W@T i PW @@
coprocess(): 0.213037014007568359 proc(0) proces: | &=

5 4.637E+01 1.493E-04 ( 6) 5.543E-02 1.196E-01 <  25-*****| 26> [ 78 - 10] proc(0) procesd a 3 1) rom Pl

5 4.653E+01 6.481E-06 ( -6) 9.914E-03 2.399E-01 <  25-*****| 26> [ 55 - 11]
sleeping 0.00000600000000000OE+00 seconds rocty ﬁ:ﬁii iiﬁ: Flib: extension "NV-GLK" missing on display ":2.0°.
wake up ﬁw Called ackDatal Uaiting for server...
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Data Reduction

Compute resource Vis cluster
Filter Filter
msockets npvserver

sockets 2N

Ny = 160K; N, =

N sim = N agg _ m pvserver

M, ets; NPVSErver € [5 - 800]
if N, increases, - reduction in layers of aggregation

- but more and more smaller packets
Possible issue: - aggregation can overflow core memory

- limitation in the number of sockets open

oy It Kitware  Agonne™
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Scenario 1: In Situ Data Extract

Transfer

Compute resource Vis cluster

PHASTA Filter Render

m N

sockets pvserver

e Computation monitoring or steering

e Mainly interested in streaming a live filter pipeline’s evolution
in time (not replaying different filters on a given time window)

e Size of the data extract limited (data compression realized)

e |n Situ Data Extract likely to provide the lowest tax on the solver

olorado i
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Demonstration — In Situ Data Extract

i Applications Places System @\ o |

& B

Tue Nov 8, 4:03PM

Do @

M Ch...00 3¢ Eile  Edit

TigerVNC: mrasquin's X desktop (login1:2) -

View  Sources

B2

o velocty

Eillrs  Tools.

Time: |0

4 >mrs
BdBERIAR

Beea

GLEANsetyCovisCortourFast  GLEANseapCovisSlice  GLEANseaphSitiSlice

CLENED

peive froer

[ E—

PR ys——
@

Chpct et
Propertes | Diplay | irformaton |

Hawy || @rem | [ oee |

Listen ot |

Cache Sz |1
Soches Per [~
Process

livedatasebupCovisCortourFast  livedatasenpCouisSi et

(O] (m]a]o]x]

“g Exracts

| %] Cortour

Last timestep: 5.000
(] Swpio last timsiep

674 more seconds.
Connected to cl.

Client connect:

proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
Uill Block Sinulation
You Called ackDatal
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
fou Called ackDatal
proc(0) process_strean
proc(0) process_strean
fou Called ackDatal
proc(0) process_strean
proc(0) process_strean
Elw Called ackDatal

Unfirsielid)
File Edit View Terminal Tabs Help
Intr... 3 |intr... ¥ |Intr... X |Intr... ¥ |Intr... 3 |Intr... 3¢ |Intr... ¥ |Eur... ¥ |Eur... ¥ Eur... ¥ |Tig...
Time derivative of solution is set to zero (SAFE) (4]
Time, closefile is : 0.017118 s
Time, finalizempiio is : 0.000057 s
Element block size = 64
Domain size (x,y,z): 1.8148316725 0.8000000000 0.7555500000
Total number of modes = 9303494
Number of global nonzeros 194748369
Time, initphmpiio is : 0.016574 s (total # of files is 32, total # of fields is 4)
Time, openfile is : ©0.679893 s
Not found projection vectors@l
Time, closefile is : 0.014392 s
projection vectors are being initialized to zero (SAFE)
starting coprocessorinitialize()
smapplication_initialize
done smapplication initialize 0.553011
get static modules 0.000184
initialize interp 0.302012
initialized paraview 0.969440
initialize python
done initialize python 4.479311
import_cpscript
done import_cpscript 0.173187
doing coprocessing
coprocessorinitialize(): 5.62233996391296387
1 2.574E+01 3.198E-05 ( 0) 5.357E-02  2.832E-03 < 81-¥**¥x| 27> [ 12 - 10]
1 2.589E+01 1.151E-05 ( -4) 6.139E-03 3.724E-03 < 82-%***x| 25> [ 52 - 13]
phastacoprocessor(): 7.24842000007629395
coprocess(): ©.255553960800170898
2 3.347E+01 1.000E-03 ( 14) 6.465E-02 5.074E-03 < 82-**=xx| 27> [ 10 - 10]
2 3.385E+01 4.787E-06 ( -8) 8.902E-03 4.830E-02 < 82-*=xxx| 26> [ 200 - 12]
sleeping 16.0000000000000000 seconds
wake up
phastacoprocessor(): ©.208401679992675781E-02
coprocess(): 0.213434934616088867
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-****x| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( -8) 1.164E-02 2.198E-01 < 107-*****| 26> [ 200 - 18]
sleeping ©.000000000000000000E+00 seconds
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-**xxx| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( ~-8) 1.164E-02 2.198E-01 < 107-***=x| 26> [ 200 - 18]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.730829238891601562E-01
coprocess(): 0.213078022003173828
4 4.508E+01 2.963E-04 ( 9) 5.542E-02 4.153E-01 < 25-***xx| 26> [ 48 - 10]
4 4.539E+01 1.835E-05 ( -2) 1.154E-02 3.295E-01 < 25-**xxxx| 26> [ 148 - 14]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.574548006057739258
coprocess(): 0.213037014007568359
5 4.637E+01 1.493E-04 ( 6) 5.543E-02 1.196E-01 < 25-*#%%x| 26> [ 78 - 10]
5 4.653E+01 6.481E-06 ( -6) 9.914E-03  2.399E-01 < 25-*****| 26> [ 55 - 11]
sleeping 0.000000000000000000E+60 seconds
wake up
33| | & intrepid || & [Calculator - Scientific] | [ Calculator - Scientific B Calculator - Scientific

3 TigerVNC: mrasquin'...

ient
cornecting to client host 172.17.9.151 12345
ed.

Calculator - Scient

l(iaue)uou saved the logfiles fron the paraview GUI and from PHASTR???
y/n,

Y

Xlib: extension "NY-GLX" missing on display
liaiting for server,..

" /pvserver_ewekaX ./startParaviewGui_Ben_mpich, sl

P(‘;e)wu saved the logfiles from the paraview GUI and from PHASTR7??

xnh extension "NV-GLX" missing on display ":2.0".

Uo\hre for server...
/puserver_ewrekaZ ./startParavieubui_Ben_npich.sh y

I(ise)ycu saved the logfiles fron the paraview GUI and from PHASTR???
n

Y

X1ib: extension "NV-GLK" missing on display ":2.0".

Usiting for server...

“/puserver_eurekaZ . /startParaviewGui_Benmpich.s!

Mmm)yau saved the logfiles fron the paraview cux 'and From PHASTA?2?
(y/n.

Y
Xlib: extension "NV-GLX" missing on display ":2.0".
llaiting for server,

32,0,

[ Calculator - Scientific
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Demonstration — In Situ Data Extract
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proc(0) process_strean
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fou Called ackDatal
proc(0) process_strean
proc(0) process_strean
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File Edit View Terminal Tabs Help
Intr... 3 |intr... ¥ |Intr... X |Intr... ¥ |Intr... 3 |Intr... 3¢ |Intr... ¥ |Eur... ¥ |Eur... ¥ Eur... ¥ |Tig...
Time derivative of solution is set to zero (SAFE) (4]
Time, closefile is : 0.017118 s
Time, finalizempiio is : 0.000057 s
Element block size = 64
Domain size (x,y,z): 1.8148316725 0.8000000000 0.7555500000
Total number of modes = 9303494
Number of global nonzeros 194748369
Time, initphmpiio is : 0.016574 s (total # of files is 32, total # of fields is 4)
Time, openfile is : ©0.679893 s
Not found projection vectors@l
Time, closefile is : 0.014392 s
projection vectors are being initialized to zero (SAFE)
starting coprocessorinitialize()
smapplication_initialize
done smapplication initialize 0.553011
get static modules 0.000184
initialize interp 0.302012
initialized paraview 0.969440
initialize python
done initialize python 4.479311
import_cpscript
done import_cpscript 0.173187
doing coprocessing
coprocessorinitialize(): 5.62233996391296387
1 2.574E+01 3.198E-05 ( 0) 5.357E-02  2.832E-03 < 81-¥**¥x| 27> [ 12 - 10]
1 2.589E+01 1.151E-05 ( -4) 6.139E-03 3.724E-03 < 82-%***x| 25> [ 52 - 13]
phastacoprocessor(): 7.24842000007629395
coprocess(): ©.255553960800170898
2 3.347E+01 1.000E-03 ( 14) 6.465E-02 5.074E-03 < 82-**=xx| 27> [ 10 - 10]
2 3.385E+01 4.787E-06 ( -8) 8.902E-03 4.830E-02 < 82-*=xxx| 26> [ 200 - 12]
sleeping 16.0000000000000000 seconds
wake up
phastacoprocessor(): ©.208401679992675781E-02
coprocess(): 0.213434934616088867
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-****x| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( -8) 1.164E-02 2.198E-01 < 107-*****| 26> [ 200 - 18]
sleeping ©.000000000000000000E+00 seconds
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-**xxx| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( ~-8) 1.164E-02 2.198E-01 < 107-***=x| 26> [ 200 - 18]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.730829238891601562E-01
coprocess(): 0.213078022003173828
4 4.508E+01 2.963E-04 ( 9) 5.542E-02 4.153E-01 < 25-***xx| 26> [ 48 - 10]
4 4.539E+01 1.835E-05 ( -2) 1.154E-02 3.295E-01 < 25-**xxxx| 26> [ 148 - 14]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.574548006057739258
coprocess(): 0.213037014007568359
5 4.637E+01 1.493E-04 ( 6) 5.543E-02 1.196E-01 < 25-*#%%x| 26> [ 78 - 10]
5 4.653E+01 6.481E-06 ( -6) 9.914E-03  2.399E-01 < 25-*****| 26> [ 55 - 11]
sleeping 0.000000000000000000E+60 seconds
wake up
33| | & intrepid || & [Calculator - Scientific] | [ Calculator - Scientific B Calculator - Scientific

3 TigerVNC: mrasquin'...

ient
cornecting to client host 172.17.9.151 12345
ed.

Calculator - Scient

l(iaue)uou saved the logfiles fron the paraview GUI and from PHASTR???
y/n,

Y

Xlib: extension "NY-GLX" missing on display
liaiting for server,..

" /pvserver_ewekaX ./startParaviewGui_Ben_mpich, sl

P(‘;e)wu saved the logfiles from the paraview GUI and from PHASTR7??

xnh extension "NV-GLX" missing on display ":2.0".

Uo\hre for server...
/puserver_ewrekaZ ./startParavieubui_Ben_npich.sh y

I(ise)ycu saved the logfiles fron the paraview GUI and from PHASTR???
n

Y

X1ib: extension "NV-GLK" missing on display ":2.0".

Usiting for server...

“/puserver_eurekaZ . /startParaviewGui_Benmpich.s!

Mmm)yau saved the logfiles fron the paraview cux 'and From PHASTA?2?
(y/n.

Y
Xlib: extension "NV-GLX" missing on display ":2.0".
llaiting for server,

32,0,

[ Calculator - Scientific
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Scenario 2: Classical CoVis

Transfer

Compute resource Vis cluster

PHASTA Aggreg. Filter Render

N_. \ m n

sockets pvserver

e Deep analysis of a simulation in given time window
e Capacity to roll forward and backward in time, changing filters
e Uncertainty on the filters needed

e Size of the data extract significant compared to the size of the
solution itself

e Poorly scalable filter (particle tracer)
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Demonstration — Classical CoV
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Last timestep: 5.000
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674 more seconds.
Connected to cl.

Client connect:

proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
Uill Block Sinulation
You Called ackDatal
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
proc(0) process_strean
fou Called ackDatal
proc(0) process_strean
proc(0) process_strean
fou Called ackDatal
proc(0) process_strean
proc(0) process_strean
Elw Called ackDatal

Unfirsielid)
File Edit View Terminal Tabs Help
Intr... 3 |intr... ¥ |Intr... X |Intr... ¥ |Intr... 3 |Intr... 3¢ |Intr... ¥ |Eur... ¥ |Eur... ¥ Eur... ¥ |Tig...
Time derivative of solution is set to zero (SAFE) (4]
Time, closefile is : 0.017118 s
Time, finalizempiio is : 0.000057 s
Element block size = 64
Domain size (x,y,z): 1.8148316725 0.8000000000 0.7555500000
Total number of modes = 9303494
Number of global nonzeros 194748369
Time, initphmpiio is : 0.016574 s (total # of files is 32, total # of fields is 4)
Time, openfile is : ©0.679893 s
Not found projection vectors@l
Time, closefile is : 0.014392 s
projection vectors are being initialized to zero (SAFE)
starting coprocessorinitialize()
smapplication_initialize
done smapplication initialize 0.553011
get static modules 0.000184
initialize interp 0.302012
initialized paraview 0.969440
initialize python
done initialize python 4.479311
import_cpscript
done import_cpscript 0.173187
doing coprocessing
coprocessorinitialize(): 5.62233996391296387
1 2.574E+01 3.198E-05 ( 0) 5.357E-02  2.832E-03 < 81-¥**¥x| 27> [ 12 - 10]
1 2.589E+01 1.151E-05 ( -4) 6.139E-03 3.724E-03 < 82-%***x| 25> [ 52 - 13]
phastacoprocessor(): 7.24842000007629395
coprocess(): ©.255553960800170898
2 3.347E+01 1.000E-03 ( 14) 6.465E-02 5.074E-03 < 82-**=xx| 27> [ 10 - 10]
2 3.385E+01 4.787E-06 ( -8) 8.902E-03 4.830E-02 < 82-*=xxx| 26> [ 200 - 12]
sleeping 16.0000000000000000 seconds
wake up
phastacoprocessor(): ©.208401679992675781E-02
coprocess(): 0.213434934616088867
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-****x| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( -8) 1.164E-02 2.198E-01 < 107-*****| 26> [ 200 - 18]
sleeping ©.000000000000000000E+00 seconds
3 4.416E+01 5.685E-04 ( 12) 6.138E-02 5.415E-02 < 25-**xxx| 27> [ 10 - 10]
3 4.456E+01 4.623E-06 ( ~-8) 1.164E-02 2.198E-01 < 107-***=x| 26> [ 200 - 18]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.730829238891601562E-01
coprocess(): 0.213078022003173828
4 4.508E+01 2.963E-04 ( 9) 5.542E-02 4.153E-01 < 25-***xx| 26> [ 48 - 10]
4 4.539E+01 1.835E-05 ( -2) 1.154E-02 3.295E-01 < 25-**xxxx| 26> [ 148 - 14]
sleeping 0.000000000000000000E+00 seconds
wake up
phastacoprocessor(): ©.574548006057739258
coprocess(): 0.213037014007568359
5 4.637E+01 1.493E-04 ( 6) 5.543E-02 1.196E-01 < 25-*#%%x| 26> [ 78 - 10]
5 4.653E+01 6.481E-06 ( -6) 9.914E-03  2.399E-01 < 25-*****| 26> [ 55 - 11]
sleeping 0.000000000000000000E+60 seconds
wake up
33| | & intrepid || & [Calculator - Scientific] | [ Calculator - Scientific B Calculator - Scientific

3 TigerVNC: mrasquin'...

ient
cornecting to client host 172.17.9.151 12345
ed.

Calculator - Scient

l(iaue)uou saved the logfiles fron the paraview GUI and from PHASTR???
y/n,

Y

Xlib: extension "NY-GLX" missing on display
liaiting for server,..

" /pvserver_ewekaX ./startParaviewGui_Ben_mpich, sl

P(‘;e)wu saved the logfiles from the paraview GUI and from PHASTR7??

xnh extension "NV-GLX" missing on display ":2.0".

Uo\hre for server...
/puserver_ewrekaZ ./startParavieubui_Ben_npich.sh y

I(ise)ycu saved the logfiles fron the paraview GUI and from PHASTR???
n

Y

X1ib: extension "NV-GLK" missing on display ":2.0".

Usiting for server...

“/puserver_eurekaZ . /startParaviewGui_Benmpich.s!

Mmm)yau saved the logfiles fron the paraview cux 'and From PHASTA?2?
(y/n.

Y
Xlib: extension "NV-GLX" missing on display ":2.0".
llaiting for server,

32,0,
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Parameters study

e Visualization of every time step
e CCV (Classical Co-Viz) or ISDE (In Situ Data Extract)
e Data transport: GLEAN or VTK sockets

e Pvserver configuration: number of Eureka nodes and number
of pvserver per node (1, 2, 4 and 8)

e VTK sockets: number of sockets per pvserver -> number of
aggregators

e Filter pipeline: slice or contour
e Mesh size: 52 M, 416 M or 3.32 B elements (all tets)

# elements Whole mesh + solution Contouir filter Slice filter
52 M 1.98 GB 276.4 MB 18.5 MB
416 M 13.4 GB 1006 MB 64.8 MB
3.32B 98.6 GB 3796 MB 240 MB

® Rensselaer SAEF
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ISDES - Data aggregation and transfer

Contour filter, 416M elts, 1006 MB, VTK sockets

Different combinations of Eureka nodes - pvservers
N,.,=m
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In-Situ Data Extract
Percentages = PHASTA delay over original PHASTA time (“vis tax”)

# elements Flow solve Filter Total Blocking Time
w/o filter (Filtering + aggregation + transfer time)
Curvent improvemen

3.32B 14.3 s Slice 0.200 s 1.4 % 0.63 %
Contour 0.586s 4.1 % 3.0%

416 M 1.84 s Slice 0.175s 9.5 % 3.4%
Contour 0.269 s 14.6 % 6.6 %

52 M 0.474 s Slice 0.158 s 33.3% 9.9 %
Contour 0.215s 45.4 % 22.0 %

e Ongoing improvement: Initialization and cleaning of the pipeline performed only at the 1st

and last time step (or when pipeline is updated)

e Above performance unchanged down to 1/10 of Eureka resource

University of Colorado at Boulder
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Classical CoVis
Percentages = PHASTA delay over original PHASTA time (“vis tax”)

# elements Flow solve Transfer Total Blocking Time
w/o filter method (Aggregation + transfer time)
Current
3.32B 14.3 s VTK Sockets 13.9s 97.2%
GLEAN 2.02s 14.1 %
416 M 1.84s VTK Sockets 0.207 s 11.2%
GLEAN 0.360 s 19.5 %
52 M 0.474 s VTK Sockets 0.100 s 21.1 %
GLEAN N/A yet N/A yet

Ongoing improvement: Transfer the connectivity and coordinates only when the mesh
changes and reduce the volume of data transfer 10 times

ParaView server able to filter and render the full data set every time step before the next one
is computed; More cpu helps for the filters

University of Colorado at Boulder
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Conclusions

e Live data analysis of a CFD simulation with 160K cores BG/P and up to
800 pvservers on 100 vis nodes @ ALCF

e ParaView Copressing Library: provides continuous and reconfigurable
insight into massively parallel simulations at a low tax (~ 5-10 %)

e GLEAN: allows a ~50 GB/s data transfer between supercomputer and
vis cluster @ ALCF

e |n Situ Data Extract or Classical Co-Vis? It depends upon:
- Computation monitoring and steering? Deeper analysis?
- Visualization frequency
- Size of the full data or data extract (choice of filters)
- Future development for both ISDE and CCV
- Future ratio between available compute and vis resources
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