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The slides presented draw directly on suggestions/material provided by:

« Paul Alexander
* Verity Allen

* Rosie Bolton
 Tim Cornwell
 Ferdl Graser

e Ben Mort
* Bojan Nikolic
o Sitif Telfer

* Peter Wortmann
And indirectly work from across the whole of SDP.

Mistakes in translation and presentation are mine! Inevitably to fit the time available for
this talk | can only present a subset of recent SDP activity. Many areas are Work In

Progress.
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SDP Context 2
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\Mwel Memcs/ / |
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= Image Products —|
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SDP Context 3
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Telescope Manager J
\ \ Monitoring QA Telescope
Calibration Visuals State Sky
Params Control and Alert
\ Metrlcs/ / .
) \ = Y
= Image Products —|
= Visibility Data —» — LSM Catalogue —»
~250 PetaFLOP system | Transient Source
~200 PetaByte/s aggregate BW to fast working memory Catalogues
§’ ~80 PetaByte Storage Calibrated Visibilities
s ~1 TeraByte/s sustained write to storage - Pulsar »
w y . 9 Timing Solutions 9
&g . ~10 TeraByte/s sustained read from storage @
> [= Transient Buffer —j 2
v ~ 10000 FLOPS/byte read from storage Si -
3 } | Sieved P&T ]
8 ~2 Bytes/Flop memory bandwidth Candidates
& P&T Search
& [ Candidates — ™
Transient Buffer .
. Data
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Remin/de/r/: One SDP Two Telescopes
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SKA Observatory
Jodrell Bank
1000
SKA1 Mid SKA1 Low
Karoo Observatory Site Murchison Observatory
Site
Mid and Low
o na G In total need to deploy
eventually a system which
—— —————- is close .to 0.25 EFlop of
Conten processing
sDpP sop
A tiered (regional)

processing organisation will
consume SDP outputs. Data

SKA SKA SKA | products from SKA up to
wﬁ"‘ “““ﬁ?“’ “‘ﬁg 1PB/day
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Title Effort 2017 2018
+ 4) M17 Risk Oh  M17RiskReport-Revd <)
Report - Rev3
» 5) Sprint review & 1w 10 [J
planning
* 6) SKA 1w 23 [
Engineering
Meeting
e 7) Sprint2 8w 4d 7h 1 [
e 8) Sprint review & 4d 7h 12 [
planning ‘
e 9) SprintJun-Aug 8w 4d 7h 13 [0
+ 10) M18 Risk oh M18 Risk Report - Revd <)
Report - Rev4
* 11) Sprint review & 4d 7h [ 15 B
planning
e 12) Sprint 4 7w 4d 7h 17 [0
 13) Sprint review & 1w 18 [}
planning
e 14) DMR Sprint 5w 4d 19 q
+ 15) M19 ATAM1? + Oh M19 ATAM1? + SKAO deliverables review <>
SKAO
deliverables o o
review CDR
+ 16) M20 ATAM2? oh M20 ATAM2? >
* 17) M21 ATAM3?/ Oh M21 ATAM3?/ARID + SKAO dependent deliverables <>
ARID + SKAO
dependent
deliverables
+ 18) M22 ATAM4/ oh M22 ATAM4/TBC Review <>
TBC Review
+ 19) M22 Close-out Oh M22 Close-out SDP pre-Construction <>
SDP pre-
Construction 7



The SDP-Consortium - Resourcing

Reported effort
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Sprint planning every 8 week
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- Ongoatr - o
. . . . BA®  pashboards ~ Projects ~ lIssues - Boards v WBS Ganti-Chart ~  Create
o
a L Fiter: Copy of Sprint 20178
© | Project/Version / Ticket Assignee Priority | Status Sprint Component/s 1
3 Moder v @ Tasks
[1] ~ @ Ad Hoc © AMT Team  Prioritis... Open Ad hoc
Y Ei-Evatating past ECP-impacts: B verity All.. Normal  Resolved comatlassia... Ad hoc
('] Inputs for SDP plenary update B verity All..  Prioritis.. Open [com.atlassia... Ad hoc, Project Management
(1) ~ B3 Architecture: Scheduling Model © AMT Team  Prioritis... Open Architecture
- ~ [ scheduling- science aspects Rosie Bol... Prioritis... In Progress [com.atlassia... Architecture
0 8 Agree on amodel for the behaviour of the buffer, Rosie Bol... Prioritis.. Open [com.atlassia... Architecture
ONone. 0 Work with Alan Bridger on details of interaction between SDP. Rosie Bol... Prioritis... Open com.atlassia... Architecture
Alignment of the two scheduling tasks Yongxin ... Major n Progress com.atlassia... Architecture
(1] ~ B Architecture: Co-Design and Hardware Model © AMT Team  Prioritis... Open Architecture
) ! . ~ [ Co-Design: Numerical precision requirements and word length fo. Juan Guz... Prioritis... In Progress com.atlassia... Architecture
= RS BEY. : = = + e Anthony ... Prioritis... Closed [com.atlassia... Architecture
SormsKats ao- | B E.L.l+-%- oo -
L | - 0 Numerical Precision - investigation of calibration pipeline num. Juan Guz... Prioritis... On hold com.atlassia... Architecture
SOPRISK-H0. 0107 - it AEMECRGENOEEEEnrnmEnrrnne. 2 et e Juan Guz... Prioritis... Resolved com.atlassia... Architecture
@ somscss soreaw| | 2017C availability Available | a | Unavaiale | u [l Partialy Avaiable /oniine onty [ b | o Numerical Precision - create a MWA calibrated image data for. Juan Guz... Prioritis... On hold [com.atlassia... Architecture
‘SOPRISK-368 SO exensif : o e 12017 ; e 30,2017 ~ [ Precision effects of different gridding kernels Anthony ... Prioritis... In Progress com.atlassia... Pipelines
m dune, 3 june 30,
. 3 Assist AG to complete remainder of work for TSK-254 AndrewE... Prioritis... InProgress  [com.atlassia... Pipelines
s June 2017 3 . " Anthony .. Normal  Closed [com.atlassia... Pipelines
: Analyse FFF Precision using visbiity data Anthony ... Prioritis... Closed comatlassia... Pipelines
NAME W T FSSMTWTFSSMT WTFSSMT WTFSSMT WTFSSMT WTES b 3 Y Y P
. 12 3 45 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 NO B e e I B o Anthony ... Normal  Closed [com.atlassia... Pipelines
2 _|Paul Alexander (PA) Anslyse Gridding Precisionusing-visibiity-data Anthony . Normal  Closed comatlassia... Pipelines
19 |Jeremy Coles (4C)
11 |Verity Allan (vA) Generation of ideal image for testing Peter Bai.. Normal In Progress com.atlassia... Pipelines
1 |Bojan Nikolic (BN) — ] v B Co-Design: Management © AMT Team  Prioritis.. Open Architecture
1 |Rosie Bolton (RB) ~ @ Vertical prototyping and industry liason. Chris Bro... Prioritis... In Progress. com.atlassia... Architecture
" i
gl s Ferns ) ° 1 s ant i torevie Pecr raam documents Wesnm.. Mot pen omatass... Archecue
16 |Viad Stolyarov (vS) o ~ B Architecture: Parametric Model © AMTTeam Prioritis... Open Architecture
1 |Peter Wortmann (PW) [1] ~ O Performance model & Peter Wo... Prioritis... Open comatlassia... Architecture
1 |Peter Braam (PB) ['] @ Implement peeling in the parametric model B peter wo... Critical  Open [com.atlassia... Architecture
1 |Aren Tameerus (AT)
= |Paul B (1] B Checking of performance model B peter Wo... Normal  Open [com.atlassia... Architecture
e sor
21 | Alex Wynick (AW Avallabl o allocate_Partneralocatable _ Alocaiaie s Commiied hours Alocaed o B Ensure documentation s up-to-date Hayden R... Critical  In Progress comatlassia... Architecture
fynick (AWy) N —— P e 2
2 |PM (UCAM-TBC) [1] B support for Parametric Model work HaydenR.. Normal  Open [com.atlassia... Architecture
a |-
Discuss best practice for peeling Rosie Bol.. Major  InProgress  [com.atlassia.. Architecture
2 |Ronald Nijboer (RN) % - F a " forpee! ! ! "
3 L ' 0 |
25 |Chris Broekema (CB) ' 20 ) ~ B Architecture: Data Models © AMT Team Prioritis... In Progress Architecture
' 20 215 Te19%
2 | Ger van Diepen (GvD) o5 o ) “ox ('] ~ [ Sprint 20178 data model tasks Paul Alex... Prioritis... Open [com.atlassia... Architecture
2_|Agnes Mika (AMi) g o 2 (] Coordination and checking consistency Gervan... Prioritis.. Open com.atlassia... Architecture
b biditel K - n- Complete the Data Models d ki G P el I Arch
' = 2| o omplete the Data Models document taking into account revi... ervan... Prioritis.. Open com.atlassia... Architecture
= |Other (ASTRON-TBC) ' = P s10m%
ER o ) o Convergence and review between data models from analysis Tim Corn... Prioritis.. Open [com.atlassia... Architecture
31_|Andrea deMarco (AdM) - - A et A RobertLy... Prioritis.. Resolved com atlassia... Architecture
2 |Denis Cutajar (DC) i - - [ S S -
' 7
o o o-
o 103) o o-
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SDP Risks
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Key Summary Status Original Residual Treatment
Exposure Exposure

SDPRISK-315 0000 - Inadequate System Performance due to the interface between the Data Processor and Local Teles S D P to LTS i nte rfa Ce LGN EXTREME | MEDIUM Mitigate

SDPRISK-323 0094 - Data Lifecycle Manager design not well defined anavzeo  IERETED

SDPRISK-340 0107 - Inter-compute island communications insufficient for certain workflows . . . . litigate

SDPRISK-343 0104 - Incomplete Interface Description between pipelines components & Execution Framework P I pe I I n e S to exe Cu t I O n fra m eWO rk I n te rfa Ce

SDPRISK-354 SDP effort less than pledged - Impact: late deliverables TREATED EEUEEE B Mitigate

SDPRISK-358 SDP extension funding reduced - Impact: late or reduced quality deliverables anavzeo  (IEETE

SDPRISK-359 0095 Processing/Calibration Strategy is not well defined C a I i b rati 0 n St rate g y YTz QM EXTREME |

SDPRISK-360 Parametric Model underestimates the computational requirements anavzeo  (IEETE

SDPRISK-363 buffer software does not meet performance requirements anavzeo  (IESETE

SDPRISK-367 0093 - Poor scalability due to architectural approach to the Local Sky Model and Local Telescope State anavzeo  (IESETED

SDPRISK-374 0046 - Expertise lost between Pre-Con & Construction - schedule slips anavzeo  (IESETED

SDPRISK-388 0074 - SDP data model is immature D ata m Od e I m atu ri ty LT\ M EXTREME | MEDIUM Mitigate

SDPRISK-390 0065 - Execution Framework is immature at production (low TRL) TREATED [ EXTREME | MEDIUM Mitigate

SDPRISK-311 0091 - Cost overrun due to complexity of pipeline components TREATED [ HiGH ] Mitigate

SDPRISK-313 0089 - Uncertainty in hardware cost project for the SDP scalable unit anavzeo (D

SDPRISK-319 0032 - SDP does not meet SKA Availability Requirement LGN 0 HIGH | Mitigate

SDPRISK-320 0108 - Fast imaging pipeline fails to meet performance requirements mRenmEEERaes TReaTeD (D @D  Mitigate

SDPRISK-325 SDP lose effort - Impact: late or reduced quality CDR deliverables anavzeo (IR

SDPRISK-329 0122 - Available Bandwidth insufficient at the two SDP sites. TREATED [ HiGH ] Avoid

SDPRISK-333 0016 - Level 3 ICDs are poorly defined G0 HIGH | MEDIUM Mitigate

SDPRISK-341 0109 - Pulsar Timing Pipeline design has no Failure Modes TReaTeD (D @D  Mitigate

SDPRISK-344 0023 - Data rate between nodes is underestimated anavzeo (D

OARNANIAL, ACE OI/AA daic OO £ 4 lem et ek Wil - aen AEETTVSTEEER [ Py
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SDP Pa[arh/etric Model
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Optimises parameters for cost. Covers:
» All telescopes, bands and HPSOs Scientific Needs (HPSOs)
» Predict, calibration, imaging and
deconvolution
» Self-calibration (RCAL, |CAL) Parameters
» Data product preparation (DPrepX)
Output for hardware costing:
« Compute rates (floating ops) Cost
» Data rates (ingest, internal)
« Storage requirements (buffer)

optimize

ICAL Computational Requirements [PetaFLOP/s]

mm Correct
DFT
s = g:g::dmg Kernel Update
- FFT
Flag
150 . Grid
Gridding Kernel Update
. . Fi
HIgh|IghtS 51.4% = :d:mfy Component
q a q . 125 mm Phase Rotation
a Aw-imaging with snapshots and baseline- | Pas otaton P
eprojection
dependent averaging in time and 100 &% N 1 Reprofcton Predict
frequency % B S mage Componert
+  Facetting throughout & el B
«  Hybrid predict based on DFT + FFT;  —
. . 50 — o
+  Stefcal calibration = S = T —
) X . 88% 80% I I I
c Multiscale Multifrequency Synthesis for —— y  — - 9
deconvolution / major loops. e
To-do: ICAL ICAL ICAL ICAL ICAL ICAL
. . . (Low) (Mid1) (Mid2) (Mid5A) (Mid5B) (Mid5C)
* more advanced calibration algorithms ot ot ot ot o, o
[spbf] [spbf] [spbf] [spbf] [spbf] [spbf]

(sagecal, peeling, facet calibration)
11
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SDP Proc’éssing Components

High-level questions:

* How many processing units? . *@ ‘ AP
« Can memory keep up? By % -
* Do we have right operation mix? - - RN ' ;7_ ~-
Expensive uncertainty: = ‘
« Assumption is 10%! ) Qf{ |
 Need to break with tradition - A ey
« Averaging decides the actual amounts of 5 ' '/@D N
visibility data with which we are dealing
« Algorithmic approach must vary
Working (Wlth industry) to gain knowledge: 45s snapshot g|_'id coverage. Colqur corresponds to complexity of w-kernels.
There are 3 main regions to consider.
« Focus on small benchmarks for
predicted bottlenecks, with data sets
generated according to PM predictions Very data intensive pipeline. Recent
* Modeling recommends “exotic” work was understanding the issues.

configurations, needs tailored tests
» Gridding, DFT likely with potential

12
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Execution frameworks

Pipeline execution is high risk:
» High data & task rates, time limited
* Need flexibility:
— Parameter changes between
pipelines
— Hardware changes (new
architectures)
— Software changes (new algorithms)
— Real world (reliability, usability)
« But ideally not reinvent the wheel!

“Big data” still struggles with SKA scale.
» Have to keep options open (e.g. RDMA)
» Benchmark predicted data flows
« Study issues and trends
» Options not well aligned to our static
pipeline configurations & raw throughput.

Some frameworks we have explored with a
challenging test pipeline

Swift/T, Legion/Regent, DaLiuGE, Apache Spark (+
Alluxio), StarPU, COMPSs, Dask

AL for b 1:39

SDP archltecturg must be such. that execution Example: ICAL for Mid. Some areas
framework question can be reviewed later. need further development 13
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Softwa_{re"Engineering Institute (SEI) approach S:-'
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ECP-170001: “This document should include [---] details of Quality Attribute Scenarios, views,
prototypes, interfaces and use cases.”

1. Formulate quality attribute scenarios (concrete & measurable)
2. Document solution in views (tailored to audience, test & iterate)
3. Collect and tie together into software architecture documentation.

Structured progress despite large design space and many constraints

& 4

Quality Attribute in terms Views Views &
Styles: Module|C&C]|

of Scenarios Alosaton Beyond

Environment

Sbdbdidh —
Stimulus Measure

Beyond

1]

O Response

Recent document: Architecture-Centric Development Plan for the Square Kilometre Array Science Data Processor
14




SEI approéch - view examples

SCIENCE DATA PROCESSOR

Module views

Component & Connector views

Key (UML Package Diagram)
<<layer>> Execution and Control {' E
— — — ,:|—| Layer (usage top-dow] . «ext. system»
T‘I syster mM : Central Signal
Master Processing Monitoring Uses Relation escope Manager | | processor
Controlle: Control <esusex> Nere
Relati
1
| <<interface: Workflows Delivery
Framework Int. . Sub-system
P =~ [Matched byl\ -
b Workflow i
i S - {type. <uses:
Execution Framework: ‘e'/
|Framewor rk | | Workfiow i f | ‘ |
Sub
L ) | L (6" L il
Qices- e
™ = N v
SDP Servie: &O < M
—1 Q l_\
Buffer Real time , Databa: Key (UML Component)
Services Servlces Mode s Services '
Component
& o [&]
Observatory
<<layer>> Cluster Sen,h,e&‘ [m] Interface Port
———  Communicatior|
Provisioning | ‘g“;:’g“e -ation | |Logg|ng | Coordination
Filesystem
——  Queueing
1
<<layer>> System Services
—1 —1
Operating File System Network Parallelisation
System Messaging

e Focus on static structure e Focus on runtime structure
e Highlights coupling e Highlights communication
(e.g. execution engine) (e.g. ingest, buffer access)
e Reflects work packages e Suggests hardware
requirements

15
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Data models —1V4

U‘l
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 The SDP data processing pipelines will use

Inputs: Outputs:
and produce various data products. e e Dirty image
« We have been analysing their data models as Visibility weights Residual image
well as the expected data volumes and access e Gloan components,
patterns. Mulisoale loan seale mages rrocessing o9
+ As data processing is distributed and ke clean residualimagss  Companents:
parallelised this needs to be supported by the e o kemel Direction-dependent 1y
data models and access to the data. Oversampled kernel W-projection
- Visibility and image data and calibration imaging welghts it
solutions will form the bulk of the data and can Gridding
be distributed in a natural way. De-gridding
. NIP example Deconvolution
« Other data (such as LTM and LSM) will be

relatively small and kept by LMC.
« Note they can potentially be accessed T

simultaneously by possibly hundreds or

thousands of distributed pipeline components

Data from CSP

.
in a bursty manner. — =
Cardinality: | (B0 T
———— Exactyone | T Cuconaion
—o——— Zero or one

PO
Weak Entity One or more
>o——— Zero or more

= Many

Identifying relationship

........... Non-identifying relationship




lllustrative flow chart
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uvw

Weights Flags coordinates Visibilities

'

> Phase Rotation W-projection Anti-aliasing
uvw Visibilities 4 ‘ W-kernels Anti-aliasing
coordinates kernel
V4 |
v ¥ v
. . . W and AA-
L » Gridding «——( Convolution Kernels

A

DRAFT

A-kemels

A-projection

W-snapshots

—————— P (Image-plane reprojection Fit Clean Beam
and accumulation)
l Accumulated
v Dirty Image Accumulated R
Dirty Beam Clean Beam
|-
Deconvolution
< /TN
A
\J \J \J
Ditty Image Clean Image Clean Components Residual Image  Dirty Beam Clean Beam 17
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Algorithm Reference Library (ARL)
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» All major calibration and imaging algorithms expressed in
Python unencumbered by practicalities of /O, memory

management, optimisation CARL.1.1
Data

» Estabishes reference e.g. for later implementation by non- —

experts Parameters

 Prototypes of functional components (referentially R

transparent)

» Synthesis components: Fourier transforms (predict, invert)
using 2D, wprojection, faceting, wslicing, snapshots

* Model for LOW sky(S3) and LOW station beam (OSKAR)

« Testing is memory-limited: largest image made so far is

Polarisations
J

> Polarisation
Frame

—> Receptor
Frame

(CARL.1.1.3 |

25K by 25K pixels

« Largely complete

« 97% coverage test suite

— Data Models
J

Configuration

(CARL.1.1.2.1]

(CARL.1.1.2.2]

(CARL.1.1.3.1]

J

(CARL.1.1.3.2]

(CARL.1.2

Image
I

(CARL.1.2.1 |

Deconvolution
L J

(CARL.1.2.1.1]
> Deconvolve
MSMFS

J

C

(CARL.1.2.1.2]
—> Deconvolve

cube
)

(CARL.1.2.1.3]

> Restore
MSMFS

(CARL.1.2.1.4]

Restore cube
L J

(CARL.1.2.2 |

™) Operations

(— J

’CARE.fls.z.z.f

_)‘ Gaintable |

Calculate
Image
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[CARL.1
Calibrate and
Image (in
ARL)
(cARL1A | [cARL12 ) (cARL13 ) (cARL1.4 ) [cARLA5 ) (CARL.16 | (cARL1.7 ) (cARL.1.8
: Fourier Sky — . .
L Data J L Image J ity uansforms @mponems LCallbratlon J L util J LPlpellnes
(CARL.1.1.1 | (CARL.1.2.1 | (cARL.1:3.1 | (cARL.1.4.1 | [cARLA.5.1 ) [cARL.1.6.1 | (CARL.1.8.1 | [CARL.1.7.1
g Parameters _)Deconvoluﬂon ™ Operations _){FrProcessorJ _)L()perations g Operations g ngrdig::tte ™ Support
= R e & _sverort i)
(CARL1.1.2 | (CARL.1.2.1.1) (CARL.1.3.1.1) (CARL.1.4.1.1) [CARL.1.6.1.1) [CARL.1.8.1.1) (CARL.1.7.1.1)
Import
P [ Deconvolve > Coalesce [—>{Create Image | Create - mea
Polarisations MSMFS Visibility from Vi: Ekycomponenj Gaintable AZito LWV n;rlap;her: -
[cARL.1.1.2.1) (CARL.1.2.1.2) (CARL.1.3.1.2) (CARL1.4.1.2) [cARLA5.2 | [CARL.1.6.1.2) [cARL.1.8.1.2) (CARLA.7.1.2)
Polarisation [ Deconvolve > Decoalesce > ) L> Appl = xvzat Export
Frame cube Visibility | { Predict 2D Solvers Gaintaﬁle Latitude | pipeline log
(CARL.1.1.2.2) (CARL.1.2.1.3) (CARL.1.3.1.3) (CARL.1.4.1.3) (cARL.1.5.2.1) [cARL.1.6.2 | (CARL.1.8.1.3] (cARL.1.7.2 |
Solve
Receptor > Restore [—> Phase rotate —> > " —>
e MSMFS Visibility | { asm:?:sl Solvers Baselines J Components
(CARL.1.1.3 | (CARL.1.2.1.4) (CARL.1.3.1.4 (CARL.1.4.1.3) (cARL.1.5.2.2 (CARL.1.6.1.2) [CARL.1.8.1.4) (CARL.1.7.2.1)
L> L> > - > Predictw Solve Sky Solve M uw >
LData Models LRestore cube Sum Visibility L Projection J t Model J L Gaintable J L Tt J RCAL
J J C J L J
[CARL.1.1.3.1) (CARL.1.22 | (CARL.1.3.1.5) (CARL.1.4.1.4) [CARL.1.8.1.5) (CARL.1.7.2.2)
> 5 > o —> e > PredictW > SkyCoord to >
LConﬁguratlonJ Operations QA Visibility Slice LMN ICAL
J
[cARL1.13.2) (CARL.1.2.2.1) (cARL132 | (CARL.1.4.1.5) [CARL.1.8.1.6) (CARL.1.7.2.3)
- | Calculate L> > Predict > xvzto > Continuum
Gaintable MI;nnfsrens theramrs Timeslice Baselines Imaging
(cARL.1.1.3.3) (CARL.1.2.2.2) (CARL.1.3.2.1) (CARL.1.4.1.6) [CARL.1.8.1.7) (CARL.1.7.2.4)
Predict Image. o
™ image ™ From ™ Time slice | ™ invert20 1 UVW to XvZ _"Sﬁfn‘;";i'n'é”‘-‘
Moments
[CARL.1.1.3.4) (CARL.1.2.2.3) (CARL.1.3.2.2) (CARL.1.4.1.7) (CARL.1.8.2 | (CARL.1.7.2.5)
> Block > Reproject > Frequency > Invert Image = Quality g
Visibility Image Slice Partition assessment fashimadion
[CARL.1.1.3.5) (CARL.1.2.2.4) (CARL.1.3.2.3) (CARL.1.4.1.8) (CARL.1.8.2.1) (CARL.1.7.2.6|
> o > > 7 > InvertW —>  EOR
L Visibility J leportlmagej W slice J L Projection J L Export QA J Lprocessing 1 9




SCIENCE DATA PROCESSOR

ARL forms a suitable basis of exploration of graph processing for
SDP

Graphs built and executed with Dask python package

http://dask.pydata.org

Express pipelines as graphs
ICAL - the core selfcalibration/continuum imaging pipeline - done

Evaluation of performance, memory overhead, locality control,
schedulers

Easy scaling from laptop (4 cores) to Darwin cluster

20
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Animation of graph processing
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SCIENCE DATA PROCESSOR

* Not an SDP example (yet) but one from Dask tutorial.

ITJCJC I ” ‘ ---------- ~ Yy
TTTTeT0000 parans Lr“#f‘f‘xurt:fﬁ%c%. Ty
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‘L/{'\) )LILIILI[I ;Tx}“ 1C [??/T; _‘JﬁJL,JLT_L:_,_Ii_IL,_]LY_L,__,J?U TG0 L’HT_IL,_L:“! LI_JLIrL‘__,JfT 1_/ mJ U*T}‘f* |Iututf‘g_ }
oo TR oTo . s WeTores ove¥ FeVeYs p afeferer i

’*|§_,T‘ TS

« Multiple inputs (bottom) flow to single output (top)
« Approach goes for depth first processing (vs MPI breadth first)

21



Dask graph for ICAL

11 ingests. 5 major cycles.
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Stress_,in'gﬁ the architecture

SCIENCE DATA PROCESSOR

» Can the SDP architecture support all the algorithms we expect to need?

« SDP models processing as parallel streams of data flow undergoing
processing with limited information exchanged between streams

 Algorithms that stress this model: global calibration, MSMFS, SageCAL-CO

« Can restate this question in terms of the telescope: are there physical effects
that are coupled across data streams? How important are they?

* Preliminary answers: yes, there are coupled effects, and yet, they have the
potential to limit the science

» A possible and inexpensive modification is to use an all-to-all non-blocking
switch. The software implications would need examining.

« Still a work in progress but expect to settle very soon

23



ALASKA - Advanced SDP Infrastructure

* Designed to support diversity and flexibility
» Heterogeneous hardware technologies
» Advanced OpenStack control plane
» (but without sacrificing performance)
* Designed for prototyping and comparing
» Software defined infrastructure
» Rapid deployment of execution frameworks

» Support for profiling, monitoring and
analysis

__——f (1
: e
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v

Supportipg’l/:’erformance Prototyping

e

» Providing Execution Frameworks (as a
service)

» SLURM and MPI
» Docker Swarm, Kubernetes
» Mesos
» Spark
» Models for Stimulus and Simulation
» Bulk Data Network
» Local Monitoring & Control

» Providing Tools for Performance Analysis

Alaska’s OpenStack provides logging and monitoring tools for execution frameworks.
This enables application performance telemetry to be seen alongside telemetry from
infrastructure components - creating a holistic picture.
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SDP S{ys’tém Integration Prototype (SIP) - context

Prototype of all
major external and
internal interfaces

Verification and
testing of SDP
architecture

Focused testing and
analysis of
technology choices

Link to hardware

prototyping
(AlaSKA-P3)

Link to vertical /
execution
framework

prototyping

LMC services

Capabilities /
Execution
framework(s)

1 Vg
Sy B

SOUARE KILOMETRE ARRAY -

openstack.

TANGAL.

L1 <>
- KK
e TS
%&?’ SRR
& Spark’
redis

q .

%9 elastic
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SDP S{ys’tém Integration Prototype (SIP) - activities

SCIENCE DATA PROCESSOR

Current activities

« TANGO interfaces to TM

« CSP interfaces (SPEAD, Pulsar search)

» Master Controller interface to tasks and
execution frameworks

» Prototyping a number of test capabilities
(pipelines)

 LMC services such as LTS using distributed
Redis

* Deployment of SIP code onto AlaSKA-P3

Next Steps

» Prototyping of the SDP buffer
* Integration of LMC services (eg. LTS, Sky
model, QA) with execution frameworks

Q Implemented
4
<<Tango>>
DeviceServer
i
E 1 E
I
MasterContoller
i
E 1 E
I
<<interface>>
TaskControl
A
-----------------------------------
DOCK;;dS:I arm Mesos Marathon Apache Spark Other EFs ...

Example outcome: resilience in running LMC
services. By moving towards a micro-services like
architecture using container orchestration the risk
of single key service failure for our control

interfaces is largely mitigated 57
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SDP Sysltem’ sizing methodology
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Total Hours of Fraction of
(PFLOPS) | telescope | time
time

U.HPSO-4a Pulsar Search MID SPF1 ~0 800 0.01
U.HPSO-4b Pulsar Search MID SPF2 ~0 2400 0.04
U.HPSO-5a Pulsar Timing MID SPF2 ~0 1600 0.02
U.HPSO-5b Pulsar Timing MID SPF3 ~0 1600 0.02
U.HPSO-13 Hi Kinematics and Morphology 25.6 5000 0.07
U.HPSO-14 Hi MID 32.7 2000 0.03
U.HPSO-15 Studies of the ISM in our Galaxy 26.2 12600 0.19
U.HPSO-18 Transients MID ~0 10000 0.15
U.HPSO-22 Cradle of Life MID Band 5 254 6000 0.09
U.HPSO-27 All Sky Magnetism 26.3 10000 0.15
U.HPSO-37a Continuum Survey MID band 2 28.1 2000 0.03
U.HPSO-37b Continuum Survey MID band 2 28.1 2000 0.03
(deep)
U.HPSO-37¢ Continuum survey, band 2 wide 28.1 10000 0.15
U.HPSO-38a Continuum Survey MID band 5 26.1 1000 0.01
U.HPSO-38b Continuum Survey MID band 5 26.1 1000 0.0

Weighted average FLOPS value for MID HPSOs

Approximate AVERAGE Apparent power requirement?

20 PFLOPS
~2.7 MVA

Calculate required number of
operations for each experiment
(total).

Use fractions of time spent doing
each experiment, calculate
average SDP compute load

Average FLOPS values 3.5x lower
for MID than maximal case.

Relax latency requirement (buffer)
and save both capital cost and
power cost

Overall designing to a

250 PFlop peak system (average
efficiency ~10% driven by likely
memory bandwidth)

There are lots of assumptions!
28




Buffer sizing
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15000.00

10000.00

Buffer size, Thytes
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Buffer fill level (SKA1 MID)
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SCIENCE DATA PROCESSOR

We use estimate the
amount of data in the buffer
at any time.

Note that one 12 hour SB
for MID is about 20 Pbytes

We size the buffer using the
peak value from here, with a
20% overhead, plus an
additional full 12 hour
imaging SB.
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SDP Cost Estimate over time (=] Vg
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160,000,000

140,000,000 SDP Budget

Risk
100,000,000 reduction > Construction
schedule

80,000,000

120,000,000

60,000,000

40,000,000

S/W reuse
20,000,000

June 2016 Sept 2016 Feb 2017 June 2017

M Activity Lead Activity Management Software Hardware M™AIV M Training ™ Maintenance/Warranty

» SDP is now costed under the element budget allocation
» Aggressive software reuse

30
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SDP Cost Estimate S
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SCIENCE DATA PROCESSOR

* June 2017 cost submission
— Review of software maintenance cost (due to significant s/w reuse)
* No change to software maintenance cost
— Update of OPEX estimate for phased deployment scenarios
« Submitted as part of CCP
— Performance cost of peeling, MSMFS, etc.
» Good progress but work is still ongoing.
» Potential impact (risk) limited to low latency network and therefore < € 2M
— Cost estimate same as Feb 2017.

* Other considerations:
— Work ongoing for 2" Tier KSPs

— Phased deployment of hardware will give additional savings for TOC for
9-10yr period (in CCP considerations).

— Looking at numerical precision needs and further potential cost savings

« NOTE: The SDP hardware costed concept is not a down-selection. It is a reasoned

choice to provide a basis for deriving cost estimates. .y



Context

Schedule

Sprint Planning

Risks

Parametric Model
Processing components
Execution Framework
SEI Approach

Data Models
Algorithm Reference
Completeness
Prototyping Platform
Integration Prototyping
Buffer Model

Cost Projections

L .U.Sihg

http://ska-sdp.org

Squgre Kilometer Array
Science Data Processor

SCIENCE DATA PROCESSOR

Home About News Publications ~ Outreach Consortium ~

supeftomplters
wit,h,rfie arityas . -

Image: NASA/ESA

balancing scientific accuracy with long-term modifiability and performance.

Along with other SKA consortia, SDP is working towards implementing Software Engineering
Institute (SEI) approaches to its software architecture documentation. This style is useful for
promoting architecture decision processes based on concrete "quality attribute" scenarios. These
methods will help us with addressing the many architectural trade-offs that SDP faces -

For industry

Build science with us!

For partners

We're reaching for the universe

For the public

Find out what we're about

32




SCIENCE DATA PROCESSOR

ADDITIONAL SLIDES
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« SKAO has developed a list of HPSO experiments — programmes
targeting specific scientific goals and taking long periods (~5000-16000
hours) of telescope time.

» Draft schedule for these taking 5-15 years to complete

« Just an example

We can use these to
Sci Goal SWG Science Objective SKA1 Compone ,
R o EoR - I. Imaging ow 2000 hrs generate example SDP

l]  CD/EoR EoR - Il. Power spectrum Low 10000 hrs .
4| Pulsars Reveal pulsar population LOW+MID 1275043200 hrs use Cases an d a rCh Ive
5| Pulsars High precision timing LOW+MID 4300+3200 hrs g rOWth rate S

13| HI Resolved Hl out to 2~0.8 MID 5000 hrs |

14 HI ISM in the nearby Universe. MID 2000 hrs AISO COUId enable |Oad

15 HI ISM in our Galaxy MID 12600 hrs 1 ;

1g| Transients Fast Radio Bursts MID 10000 hrs balanCI ng If YVG relax

22| cradie of Life Map dust grain growth MID 6000 hrs |atency requil rement of

27 All-Sky magnetic fields MID 10000 hrs . H

32 Gravity on super-horizon scales. MID 10000 hrs Oﬁ:_l Ine p rocessin g .

33 Non-Gaussianity and the matter dipole. MID 10000 hrs

: 37438 Continuum | Star formation history of the Universe MID 16000 hrs

100,000 hours = 11 years 34



What does SDP do?

SCIENCE DATA PROCESSOR

Telescope Manager Science Data Processor
SDP Startup
Acknowledged SDP Startup
; Wait for
Schedule X Wait for " . i
Instrument(?) Scheduling Block W""eaﬁgzﬁessmg ;
Key (UML Activity Diagram) l L l
[ Activity \
. inilial node (Receivers + RT) cht:::;s(i)rgine Offline Processing
@ final node
___ control flow L /

fork or join
merge node

I
O
<> decision node

Preservation

SDP is coupled to rest of the
telescope

Try to make the coupling as
loose as possible, but some
time critical aspects

For each observation:

«  Controlled by a scheduling
block

* Run a Real time (RT)
process to ingest data and
feed back information

* Schedule a batch processing
for later

*  Must manage resources so
SDP keeps up on timesacle
of approximately a week
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Real-time activity
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Telescope Manager

Science Data Processor

Central Signal Processor

Telescope Manager

Science Data Processor

Central Signal Processor

F Check

Key (UML Activity Diagram)
) Activity
@ nitainoce
@ final node
.. control flow
mmmm  fOrk Or join
<> merge node
<> decision node

Schedule
Observation

Send
Processing Block +
Scheduling Block

SDP ready

Have Receiver IPs

Update
RT Calibration

Publish Alert

Configure SDP
Allocate Re(_:eivers. Schedule Offline
RTP and Processin,
L Buffer 9
|

5

Receive

~| Set Receiver IPs?

Stream Visibilities?

Visibilities

| l

Realtime "
*[ Processing ’ [ Write Buffer ]
I
L Finished ™ _
\ or aborted?~ "0
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Batch activity
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Telescope Manager Science Data Processor
Key (UML Activity Diagram)
. [ Activity
i/ @ iniiainoce
Get Workflow from @ final node
Processing Block
\L ___.  control flow
msmmm  fOFK OF joIn
\L \l/ O merge node
Provide Query Query Data Life
Telescope State Telescope State Cycle Manager <> decision node
| !
Build Local Build Local Build Execution
Telescope State Sky Model Schedule

| \
|

Run Scheduled
Workflow

|

A\

Apply Telescope yes__ Update Global
State Update Telescope Sky Model? Preserve Results
Depending on no
workflow and/or
operator decision

i ® ®
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Plot shows finish time for
processing as a function of

o observation finish time.
110.00 Each marker is a different
/- Scheduling Block.
100.00 5
Gradient 1 (30 hours / o
90.00 delay) Our olq SDP system sizing
/ assuming a system capable
o 5000 / of handling the maximum
= 70,00 case would always be ready
;"g’ / to start processing a new
2 00.00 P SB as soon as its sky-time
% 50.00 / N comlgzllebtedalBL;t the systefm
o - - L would be idle for much o
B 40.00 r/ Gradient 4 {ho-detdy) the time. Here instead, we
20,00 / aim to have a system that
] - can keep up with the
20.00 E= observations, on average.
10.00 —
0.00

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00 38
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Idle time

Data “idle time” in buffer?

SCIENCE DATA PROCESSOR

Data “idle” time in buffer

35.00

30.00

Decreasing idle time when

processing faster than SB
length a

25.00

N
o
o
S

15.00

Increasing lag

10.00

/ \ ) when SB is
slower to

5.00

0.00
0.00

~—————process thanits ——

observing time

20.00 40.00 60.00 80.00 100.00 120.00

Observation Finish time
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