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Introduction

Prototype framework to estimate resource usage of Radio-
Interferometric imaging pipelines

Aimed at large radio-telescopes e.g. SKA
« Large amounts of data
« conflicting design restrictions

The square kilometer array in south africa (left) and australia (right)[1]
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Aid in designing super-

computerhardware and
software architecture




Radio-Interferometry

Seeing the universein radio

Centaurus A in visible spectrum|[2]

sssss

[2]https://www.eso.org/public/france/images/eso0315a/

Centaurus A @ ~1.4Ghz (z=~0.0018) [1]

Antenna arrays + Radio-Interferometry allows
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637X/740/1/17.

better angular resolution and sensitivity
compared to single dishes




Sampling the Sky
pairs ie. baselines

Each sample (ie. visibility) can expressed as:

Va0, = J | i mtom o T g

Difference in antenna

Spatial (angular) coordinates

positionsin earth’s rotation Non-coplanar baseline
frame




Imaging
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Increasing the number of
antennas

: n Nagnt+1
Increases amount of data quadratically! Nyis = ant 2ant )

Few km 800 km

>
Perth Supercomputer

a Science Data Processor ingest stream projected

Low Central Signal Processor

= . %I to be around 0.4 TB/s = 34.5 PB/day

Storage expensive, hard time constraints

130 Pflops

Introduces a lot of data-transter overhead
Energy costs

Different pipelines for different types of
science (e.g. continuum vs spectral line)

130 Pflops

f b ~5 Th/s
- E‘. -

Mid Central Signal Processar Cape Town Supercomputer
Few km 600 km
> -

Antennasto SDP[1]
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Aid in design of software and hardware architecture

by simulating resource usage

f N\
IN .||||
\_ Y,

PREESM
s

Con i~
SIMRID
Cluster Architecture )




Aid in design of software and hardware architecture

by simulating resource usage

f N\
IN Jah
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Local
machine Architecture



The Radio-Interferometric

Imaging Pipeline

@ ’ n

. Current Sky Estimate

Visibilities

Evalutes current estimate
- De/gridding
« Corrects forw and
direction-dependent
terms
« 3 implemented
algorithms
« DFT[1], FFT[1],
G2G[2]
Parallelized using
PREESM

Measurement-
n=n-+1 Estimate difference

Generates next estimate
Deconvolution
1 implemented: CLEAN
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Concrete Example: Grid 2 Grid
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Evaluation

Implement actorsas
C functions, generate
entire pipeline code with
PREESM.

dimaging library, 2020
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my simulatio

Compare output against
anotherimaging system
(RASCIL[1])

Ours RASCIL

[1]3T.d. Cornwell et al., Radio astronor

Compared measured against estimated

« Memory
« ComputationTime




Estimating Computation Time

Ran benchmarks for each actor, either with

our or with optimized code
Estimated time obtained

Varied number of visibilities, grid-size, and
number of minor cycles
Fitted polynomial of appropriate degree

via PREESM gantt chart

Solution Gantt

Time
0 cycles 30000 cycles 60000 cycles 90000 cycles 120000 cycles

2000 - delt| psi_0 deit B psi 1 delt § B Bl psi 4 sa
Cored f

1750

1500

Corel |
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Core2
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500 4

T T T T T T T T
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Operators




Estimated vs Measured Computation

times

Time vs Num Visibilities

260, —— 1lcore DFT measured

— == 1core DFT estimated -

1.5 2.0

2.5 3.0 3.5
Number of Visibilities

4.0
leb

Estimation mostly
correctly, difference

primarily due to errorin
fitting model




Estimated vs Measured Computation
times

Time vs Num Visibilities

—— 1lcore DFT measured = ——- 1core DFT estimated _-=" Trend still mosTIy
250 ——— 1core FFT measured — == 1core FFT estimated correct
. 1lcore G2G measured lcore G2G estimated
% 200
° Benchmark different
= from versionrun
150/
125/
100/
1.5 2.0 2.5 3.0 3.5 4.0
Number of Visibilities leb ® Dre O @
ana O[O0 O




Estimated vs Measured Computation

times

Time vs Num Visibilities

—— 4core DFT measured === 4core DFT estimated
- 4core FFT measured - == 4core FFT estimated
— 4core G2G measured === 4core G2G estimated _ -~
——— 1core DFT measured — == 1lcore DFT estimated

lcore FFT measured ——=- 1lcore FFT estimated
lcore G2G measured  ——- 1lcore G2G estimated /

/

—J
1
— — -
=
—
—

1.5 2.0 2.5 3.0
Number of Visibilities

Predicts correctly the
1.5-3x speedup when

parallelizing




Estimated vs Measured
Computation times

Framework predictswell:
« General algorithmic
complexity
« Performance gain from
parallelization

Estimation limitations:
Benchmark different to
measured
Fitting error
Only static analysis




Resource Estimation — Max Memory

Use PREESM’s reported
allocated inter-node
memory as estimation

BestFitAllocator (LARGEST FIRST) allocates 3.2940004820929337 GBytes in 171 ms. I
. LLE ViU ury. 1 . . . . .

Use GNU time tool’s
reported maximum resident
set size for measured

l‘-'\'l.l"Cl DH’C L'JLD-;. ZiLL’C \;\;J}I' L’Cﬁ} M \-.F
Maximum resident set size (kbvtes): 914248 .
Average resident set size (kbytes): @

Major (requiring If0) page faults: 56




Resource Estimation - Memory: Results

1e9 Mem vs Visibilities
1core DFT measured -~ ==« Jcore DFT estimated -

a16 Predicts the
;>: general trend.
%1.4'
7
-]
S12 Unexpected that
%EJ measured < estimated

1.0 (should be the inverse).

Need fo investigate

1.5 2.0 2.5 3.0 3.5
Visibilities




Resource Estimation — Memory: Results

Memory Usage (Bytes)
N
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Mem vs Visibilities
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1lcore DFT measured

- 1 core FFT measured

- lcore G2G measured

1core DFT estimated
1core FFT estimated

- 1lcore G2G estimated ~
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Similarresults for FFT
and G2G pipelines

1.5

2.0
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Visibilities
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Resource Estimation — Memory: Results

1e9 Mem vs Visibilities

250 4core DFT measured —==- 4core DFT estimated
. —— 4core FFT measured === 4core FFT estimated
$225( — 4core G2G measured  —-—- 4core G2G estimated __—— __ -
5’2 0 -~ 1core DFT measured ==- lcore DFT estimated _----"" ACCUI’CITGW predic’rs
oy —— 1core FFT measured —== 1core FFT estimated @~ __——=—===—— - . .
GJ —’Tw:wﬁ k! . - .
%1 e lcore G2G measured — =+ 1lcore G2G estimated ~ e I.1-T.oxIncrease in
5 ' memorywhen
21.50 Increasing
E . .
S125 parallelization

1.00

1.5 2.0 2.5 3.0 3.5 4.0
Visibilities le6




Resource Estimation - Memory: Conclusions

Framework doesa good jobin
predicting memoryincrease
both as algorithm parameters,
and parallelizationincreases

Measured always a bit less than
estimated. Should not be the case
and need to test with valgrind which
should give a more thorough profiling




Conclusions

Intfroduced an initial fraomework to

profotype radio-intferferometric algorithms ) ) )
e FEstimatescom pufgﬂon time and Main drawback is that Only static

memory analysis is supported currently

« Promisingresults, estimations similar Runtime/data dependent
trend to measured aspects e.g. compression can

change runtime
SPIDER can solve this

Aspects to improve
« Improve modelsand benchmark data
for betterestimations
« Optimize implemented pipelines




future work

Integrate support for different
hardware architectures,
evaluate on clusters, and in
cases where we cannot obtain
measurements (e.g. massive
datasets)

Add support for more pipelines
and datasets




Questions?




	Slide 1: An Initial Framework for Prototyping Radio-Interferometric Imaging Pipelines
	Slide 2: Introduction
	Slide 3: Radio-Interferometry
	Slide 4: Sampling the Sky
	Slide 5: Imaging
	Slide 6: Increasing the number of antennas
	Slide 7: SimSDP
	Slide 8: SimSDP
	Slide 9: The Radio-Interferometric Imaging Pipeline
	Slide 10: Concrete Example: Grid 2 Grid
	Slide 11: Evaluation
	Slide 12: Estimating Computation Time
	Slide 13: Estimated vs Measured Computation times
	Slide 14: Estimated vs Measured Computation times
	Slide 15: Estimated vs Measured Computation times
	Slide 16: Estimated vs Measured Computation times
	Slide 17: Resource Estimation – Max Memory
	Slide 18: Resource Estimation – Memory: Results
	Slide 19: Resource Estimation – Memory: Results
	Slide 20: Resource Estimation – Memory: Results
	Slide 21: Resource Estimation – Memory: Conclusions
	Slide 22: Conclusions
	Slide 23: Future work
	Slide 24: Questions?

