Co-design for the AA2 SDP processing
challenge
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l Introduction



l Science Data Processor (SDP)

* Purpose

receive visibilities & pulsar data from CSP: ~0.5 TB/s
close control & feedback loops for observation: streaming processing
elaborate image cubes, pulsar candidates & timing: batch processing

distribute data products to SRCNet: ~10 GB/s

* Requirements

streaming processing: latency requirements for control loops (~15 s)

batch processing: process 24h of data in 24h, ~50x data reduction

* Likely the weak point in the data chain with a possible impact on observing
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From P23 Business  |Milestone Event SKA-Mid SKA-Low
Context presentation, .
Robert Laing (ear llest)
S C h e d u I e Construction Approval 2021 Jul 2021 Jul
AAOQ.5 AIV start 4(3) dishes 2024-Nev 2024 Jul
4 stations 2025 May
* Hardware procurement of AA2 AMOSend  |4dishes [a0asun 2024 Nov
4 stations 2025 October
SDPs is on-going AALend Bdishes | |z026Mey 2025 Nov
18 stations 2026 June
_ AA2 end 64 dishes 262 7-Apr 2026 Oct
contract to be awarded by February eastations  |2027 My
2025 AA* end 144 dishes  |2028fan 2028 Jan
307 stations 7028 Mar
1 1 Operations Readiness Review 2628 May 2028 Apr
* SDP pipelines development and P oo T P
H H End of Staged Delivery Formal end of construction (including
I nte g ratl O n programme contingency): 2029 Mar
2024 I 2025 I
21 22 23 24 ‘ 25 27 28 29
Dec - Feb Mar - May Jun - Aug Sep - Nov Dec - Feb Jun - Aug Sep - Nov
SDP testing, ’ '
. & =
Whssiones el Torttmg oo [ 50° pivetnes SoP Pipelines

with select set
pipelines

From Solution Intent SDP
roadmap
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{incl. OA)

SDP PB interface

reduction for Low

Science Verification

reduction for Mid

Science Verification




l AA2 and current status



AAZ . I t Estimated SDP Scaling: AA1-AA4
m I e S o n e (~50x! Qualitative only, underestimates the AA2 situation,

graph by P. Wortmann)

Storage 1/O + Capacity

* Comparable to largest aperture @ stlon| @ it
arrays (LOFAR, MeerKAT) i

w3y

* (Carry out science commissioning = |8
~ 40 PB storage
~4 TB/s I/0
° AAZ'AA* Stage: =(per site)
- Low: 1 year, Mid: 1.5 year o

® SKA1low @ SKA1Mid

- number of baselines: Low x5, Mid x23

* Assess readiness for scaling 2 o . g g 3

g 2

~ 10 Pflop/s (effective, per
. Site)

-
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Low AA2 Mid2 AA2

AA2 r < n Receptors 64 (see layout) 64 (see layout)
p O c e S s I g Baselines 2016 (up to ~40 km) 2016 (up to ~110 km)

Baseline Length <40 km (<8.8 km w/o S16) = <110 km (<59 km w/o SKA008)
c h a I I e n e - Frequencies 80 - 230 MHz 950 - 1760 MHz
g O | Channels (ingest) 32768 16384
O = =
o E Self-calibration sub-bands 3 3
8 - Channels (self-calibration) (3x) 256 (3x) 2048
(@))
° Objective 8 y— Polarisations 4 (XX, XY, YY, YX) 4 (XX, XY, YY, YX)
. R . E g Length 4 hours (14400 s) 4 hours (14400 s)
- use a (simulated) VISIb.I|Ity set at full length (~4 hours), time = o T— p— e
and frequency reSOIUtlon Dump time (self-calibration) 545 0.76s
- do all relevant calibrations - gains and especially ionosphere Ingest rate 2.3568/s 8.34GB/s
- iterate on the sky model e el e
Size (self-calibration) (3x) 66 GB (3x)3.76 TB
- produce a residual image at full resolution _
Low AA2 Mid2 AA2
- skip (not relevant for scaling) Field of view 19.07 deg 5.015 deg
* RFI detection and flagglng Pixel size 15.56 arcs 0.2299 arcs
c
* instrumental calibration scans O Image 4400 px2 78500 px?2
)
* dedicated data preparation ) T imagesize 0.6212G8 1973268
T c =2 !
* AA2 pipelines inspired by Rapthor (Low) and based on DP3 and =D Sub-bands 8 3
WSClean GQJ_ g Taylor;enrsﬂ 5 5
o o (or equivalen
Output cube size = 9.318GB 296 TB
Complexity 27.9 Pflop 2557.44 Pflop
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From PI123 DP Architecture

SDP Pipelines: State of AA2 performance and scaling ;=

Wortmann

Yet another round of SKA-Low and SKA-Mid benchmarks:

Measured Extrapolated Extrapolation factors Measured Extrapolated Extrapolation factors
(LOFAR-HBA) (AA2-Low) (simulated) (AA2-Mid)
Visibility- 3:12:36 5:23:34 Receptors: x1.032, Baselines: x1.066, 0:32:14 18:23:14 Baselines: x1.066, Channels: x32
dominated: Channels: x2.133,Length: x0.5, Dump
Time: x1.484 5:10:29 385:12:56 Baselines: x1.066, Channels: x32,
Polarisation: x2.5
Image- 3:59:54 2:41:05 Image size: x0.67 [for 40 km baseline] 2:34:27 344:17:41 Polarisation: x1.75, Image size: x6,
dominated: Multi-freq: x5
All steps: 7:12:30 29:53:14 (all above +) self-cal loops: x3.7 8:17:10 2991:20:40 (all above +) self-cal loops: x4
— X7.47 from goal! - X747.84 from goal!
Take awa S 1 Extrapolated scaling for AA2 scaling challenge
_.V L @ Low Sell-Cal @ Md Sel-Cal Goal (Processing in observation ime)
. . 1,000.00
e Low pipeline on track! S -
o Time to stop extrapolating, and go for full-scale SKA Low AA2 runs! — ks

o Mid pipeline is struggling \ ™

o Predict/invert 4x slower on 1 node & 7
> Predict further 8.5x slower on 3 nodes (not included in stats above!) T ¢l ol

. . L
.3
1.00
What 18 g01ng On .e .? 2024-01-01 2024-04-01 2024-07-01 2024-10-01 2025-01-01
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l PI23 status evaluation (I)

* Results are produced by extrapolation

performance does not allow benchmarking at scale (time and
computing resources)

test data: LOFAR-HBA for Low, simulated data for Mid

pipelines are incomplete (4 out of 7 iterations for Low, 1 iteration for
Mid) and profile is known to change between iterations

extrapolation logic is poorly justified, not calibrated and baseline length,
frequency coverage, number of channels, dump time are not corrected
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l PI23 status evaluation (II)

* Runs on asingle or a few nodes only

- Dask workers deployed for embarrassingly parallel processing by DP3
(time, frequency chunks)

- MPI-based parallelisation only just starting to work

- small data sets and small number of nodes are not realistic
communication-wise

* Focus
- characterising execution: monitoring, trace collection
- bug fixes/generic improvements (threading, MPI, replicated 1/0)

- no evaluation of hardware / software match
Shan Mignot — Swiss SKA days 2024 — 02/09/2024
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l PI23 status evaluation (Low)

4 iterations
* Run on 3 nodes (DAS6)
*  With bright source

extraction for iterations 3

&4

* Large memory usage
(>128 GB)

« Extrapolated runtime: 46h

* Low CPU usage

From Team Schaap’s
August 2024 benchmarking

-

My 81
L ER]

Nt

Shan Mignot — Swiss SKA days 2024 — 02/09/2024

“SEEEERTi

“Fiiiiii



l PI23 status evaluation (Mid)

1 iteration

Run on 3 nodes (DAS6)
Runtime: 34:05:55 (no

extrapolation)

Total number

# Numnber of requests

CPU usage (%)
o5E85533858

CPU Cores (x40) (%)

Memary (GB]

yeeugamel

o5

g

Lalitkate_1
riage_1

From Team Schaap’s
August 2024 benchmarking

— usr
H | s
— idle
— wait
stalled
1
1q 6136 12277 18415 24554 30692 36830 42965 49107 55246 61384 61522 73661 79799 85938 92076 98214 104353 110491 116630 122768
Aug-26 5 22:33:22 01:57:59 05:22:35 08:47:12 12:11:49 15:36:26 19:01:03 22:25:39 01:50:16 05:14:54
Timestamg [s]
a0
30
20
\ | 0
61368 12277 18415 24554 30692 36830 42969 49107 55246 61384 67522 73661 79799 85938 92076 98214 104353 110491 116630 122768 1
Alg-26 19:0445 22:33:32 01:57:59 05:22:35 0B:47:12 121149 15:36:26 19:01:03 22:25:39 01:50:16 05:14:54
Tirmestarng [£]
== Total memaory
R Used memary
0 Total swap
N Used swap
12277 18415 24554 30692 36830 42969 49107  SS5246 61384 67522 TIGE1 79799 85638 52076 98214 104353 110491 116630 122768
22:33:22 01:57:59 05:22:35 0B:47:12 12:11:49 15:36:26 19:01:03 22:25:39 01:50:16 05:14:54
Timestamg [s]
7 Y N Recv
T — — - i 5 EEE Send | 20000
I I 1 | 10000
|
- . - o
’ 6136 12277 18415 24554 30692 36830 42969 49107 55246 613684 67522 73661 79799 85938 92076 98214 104353 110491 116630 122768
Aug-26 19:08.45 22:33:22 01:57:59 05:22:35 DB:4T:12 12:11:49 15:36:26 19:01:03 22:25:39 01:50:16 05:14:54
Timestamg [£]
F— B Disk read | 10000
— #write sk write
— wasync 7500,
3000
J 2500
i Lo L . L I i 0
o 6138 12277 18415 24554 30692 36830 42969 49107 55246 67522 73661 79799 85938 2076 98214 104353 110491 116630 122768
Asg-26 19:08:45 22:33:22 01:57:59 05:22:35 0B:47:12 1 15:36:26 19:01:03 22:25:39 01:50:16 05:14:54
Ti Is1
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l Co-design work



l WSClean resource allocation

* DUCC's wgridder corresponds to 41% of CPU time

* Seeking efficient parallelisation of gridding
- with parallel-gridding argument
- with j argument to set the number of threads

- gridder’s behaviour

allowed to use J threads
parallel-gridding

j modulo parallel-gridding cores are left idle

- need to also equate parallel-gridding and the number of facets: extra
gridders will leave cores idle

Shan Mignot — Swiss SKA days 2024 — 02/09/2024
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/
/’ —¢~ 1 channel

l Calibrate steps with DP3

 Ask for N threads

- get an extra 3-8 threads associated to
dysco (with low activity),

Speedup

- multiple idle threads (1 generates 16 idle) 0, " - - B
Threads
* Scaling study on the first iteration |

(simple sky model) ) ST e

— 10 channels has slightly fewer instructions ¢ || —

- number of instructions is stable T

- predict scales (poorly) but not the rest

e e——
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l Monitoring core activity (I)

100 : !
g0 {40 threads & 10 channels
80 } ; ¢
70 A

60

50
40 -

30

20
10 4
oA

CPU usage (%)

Aug-30 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256 272 288 304 Aug-30
00:11:28
Time (s}
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l Monitoring core activity (II)

CPU Cores (x80) (%)
3
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Exploiting execution traces (I)
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l Exploiting execution traces (II)

32 threads & 10 channels
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Overview of Calibrate on Intel Broadwell

Calibrate 1 14:06
l£ idle
80 1 - usr
£ 701 . sys
- 01 N wait
5 50 1 - st
q.n g
g %]
20 1
10 4
si—1
Aug-17 42 84 126 168 210 252 294 336 378 420 462 504 546 588 630 672 714 756 798 Aug-17
02:59:12 03:13:18
Calibrate 2 42:05 —_—
100 T I — :
idle
gg ] usr
£ 704 sys
v 60 4 1 wait
§ s0- st
=1 40_ |
2 304
20
10 1
0 - - .
Aug-18 126 1260 1386 2394 Aug-18
18:29:49 19:11:54
Calibrate 2 60:03 Time (s)
lg e
20 - usr
£ 704 - sys
E 60 1 T wait
§ 50 1 - st
40 1
g %]
20 1
10 4
o p
Aug-17 180 360 540 720 900 1080 1260 1440 1620 1800 1980 2160 2340 2520 2700 2880 3060 3240 3420 Aug-17
04:23:00 05:23.03

Time (s)




l Conclusion

* AA2 scaling challenge has significant technical risks

- performance

understand and improve single node scaling

multi-node operation needed but very preliminary

- need to improve Software/Hardware match

for performance and scaling

to reduce TCO

- exploring alternatives to DP3/WSClean: DDF-pipeline
* Benchmark suite

- ease deployment, performance regression testing, automate characterisation and
reporting

- application to SDP and SRC

Shan Mignot — Swiss SKA days 2024 — 02/09/2024
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