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Antenna dipole phased dipole tiles
antenna positions grid radial
spectrum 100-200MHz 80-300MHz
location Karoo Desert (SKA-South Africa) Western Australia (SKA-Australia)
fleld of view 60 degrees 30 degrees
Strength systematic rejection iImaging capability
Weakness imited sensitivity

uneven spectral coverage
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Reionization Requirements

Foreground removal must have same noise level as reionization signal

1 OOM Z simultaneous with ~10MHz cosmological bandwidth

-I OOK 7 oversample reionization signal by x10

200m

10s

Maximum useful baseline length
sample the brightest modes

preserve fringes (to = 10°) on longest baseline
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As bullt numbers
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As bullt numbers

PAPER | MWA |  HERA
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As bullt numbers

PAPER \ MWA \ HERA
Data Rate 2bMBps 225MBps  166MBps
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Some observations about Reionization Data
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Some observations about Reionization Data

e on early telescopes it is information poor, low SNR, or very high entropy
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Some observations about Reionization Data

e on early telescopes it is information poor, low SNR, or very high entropy

Instrument Pessimistic Moderate Optimistic
_ _ PAPER 1.65 1.93 8.86
e this will probably be the case MWA 0.60 2.46 6.40
: LOFAR NL Core 1.35 2.76 17.37
for a while... HERA 32.09 38.20 133.15
SKA1 Low Core 14.05 97.92 284.85
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Data
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e the analysis requires a 12 order of magnitude (1PB -> 1kB) compression

Examples: of things EoR is not like:
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MWA Overview
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R Processing pipeline

Computation time per snapshot

Data volume
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Primary PAPER Processing Pipeline

Wideband Delay Filter
GainCal P—Pp +
W CLEAN
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Plpeline comparison
PAPER MWA

Raw Data Raw Data
(25 MBps) (225 MBps)

Averaging on The Distiller

Transport via NGAS
x70

(Internet ~300MBps)

Transport
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Time grid
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’ Power spectrum l Power spectrum
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NGAS

" MRO
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Some MWA numbers

e

100 Independent computers in the array
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Some MWA numbers

e

100 Independent computers in the array
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Some MWA numbers
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Some MWA numbers
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Some MWA numbers
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ORACLE

Improve Your Storage
Oracle 1-800-633-0738

ORACLE'

Complete storage. Better information.

% Have Oracle call you
@

Tiered Storage Savings Calculator

Global contacts
@ Sales Chat Live

- Overview Analysis Next Steps _ Assumptions |

Step 1: Enter information about your company: Tiered Storage Savings
Please enter total terabytes created per year. @ 1000 SelectYear: |  7-YearTotal Savings | §
Please enter your current average cost per gigabyte. @ 0.138
Total Savings
Step 2: See your savings.
SOLeS ax s S ran Hardware Savings
®m Total cost with OracleTiered Storage m Total cost without OracleTiered Storage
h Saving
100 —I
o
0 Power Savings
®
©
-
o . | . . |
0 20 40 60 80 100




Improve Your Storage

Oracle 1-800-633-0738

B Mave Oracle call you
© Global contacts
& Sales Chat Live

2’ Complete storage. Better information.
Tiered Storage Savings Calculator

| Overviow | Anciyels | NetSuwps |

Step 1: Enter information about your company: Tiered Storage Savings
Please entor total terabytes created per yoar. | 1000 SelectYear: = 7-VearTotsl Savings §
Please onter your current average cost por gigebyte. | a8
Total Savings
Step 2: See your savings. Calcuinte $31.826.649

Total Savings Graph
8 Total cost with Oracle Tiered Storage 8 Total cost wit

Please enter a number above 3.5
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Some PAPER numbers
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Some PAPER numbers

7/ Number of new arrays commissioned
0.75  Average number of FTEsS doing commissioning

15000 Approximate number of hours recorded to date

6  Average number of times data moved during operations

0.183% Average price paid per GB of storage

3 number of data loss “events”
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Typical Problem Areas

e transitioning to HPC with lots of data

e situational awareness
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PFB power plots for the 12 hours ending at Wed Mar 26 18:00:01 2014 AWST
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PAPER stats

Saturday, 22 March 2014

Daily Data Report
- Transfer summary from papert —

- Free space on varous machings —
pot0:

Idev/sdb1 55T 53T 2.3T 96% /datal
BADI!

paper1:

Idevisdat 3.7T 3.1T 614G 84% /data0
Idev/sdbt 3.7T 3.7T 11G 100% /data1

-— Lost Lambs? —

Latest mod to pot0 is on /datal/psab697
0 missing files,

Latest mod to pot1 is on

0 missing files.

This daily report is located in gmaster./home/obs/AutomaticallyGeneratedReports/2014-03-22.log

Postod by Team PAPER at 11:00  No comments:

MO L E® 81 Recommend this on Google

Friday, 21 March 2014

Daily Data Report
- Transfer summary from papert —

-— Free space on various machines —
pot0:

Idevisdbt 55T 53T 2.3T 96% /data0
msADI!

paperi:

Idevisdat 3.7T 3.1T 614G 84% /data0d
Idevisdbt 3.7T 3.7T 11G 100% /datal

— Lost Lambs? —

Latest mod to pot0 is on /datallpsaB697
0 missing files.

Latest mod to pot1 is on

0 missing files.

Tnis daily report is located in gmaster:/nome/obs/AutomaticallyGeneratedReports/2014-03-21.log

Daatad s Tases DADED o8 1 0. [V P .

£ Join this site

Aready @ member? Sign in

Blog Archive
¥ 2014 (324)
¥ March (96)
Daily Data Report
Daily Data Repon
Daily Data Report
Daily Data Repon
Daily Data Repont
Daily Data Report
Daily Data Repon
Daily Data Report
Dally Data Report
Daily Data Reporn
Daily Data Repont
PAPER Data Deleter OK
[ALERT] PAPER Transfer to Stll ERROR
[ALERT) PAPER Transfer to Still ERROR
[ALERT] Unexpected number of PAPER
datasets

Daily Data Repont

PSA128 Auto Plot for 2456733.17192
PAPER Data Deleter OK

[ALERT] PAPER Transfer to Stll ERROR

[ALERT] Unexpecied number of PAPER
datasets

PSA128 Auto Plotfor 2456733.17192
Daily Data Repon
PAPER Data Deleter OK

[ALERT] PAPER Transfer to Stll ERROR
ALERT] Unexpecied number of PAPER




R TUala UV eV

rmdir /data1/obs/2456723

Free space:

Filesystem Size Used Avail Use% Mounted on
Idev/disk/by-uuid/79e30170-a20a-4203-919e-cf82607721f 112G 53G 54G 50% /
/devisdat 3.7T 2.1T 1.7T 56% /data0

/dev/sdbt 3.7T 2.1T 1.7T 56% /datal

Posted by Team PAPER at 08:00 No comments.:
MOt EI@® 8+ Recommend this on Google

Monday, 10 March 2014
[ALERT] Insufficent space on pot0:/data0

Data for JD 2456727 requires 1086580516+10000 KB, but
pot0:/datal has only 191581480 KB available.

Data transfer for JO 2456727 aborting!

Posted by Team PAPER at 21:10 No comments:
MO & E® 8+ Recommend this on Google

Nower Posts Home

APOrSINIS. DIOYSPOL CONVERRCh 7updated max=2014-03-23T11:00,0007:008 max-esJt5=50 Sat Mar 29 2014 12:02:33 GMTO700 (MST)
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1.0

RFI summary for 08-Feb-2014 (JD 2456697)
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D. Jacobs Sign out - Settings

EoRLive status dashboard
Hydrogen Epoch of Reionization Array (HERA)

Array - Network - Data Analysis - Forum New Forum post

Z. Smith (student):

Array Status Summary: 98% up. 2% C heck out the image stream from
expe ind + yesterday! Why does that one look

different?

Array Status Browser

Recewver 141 Fault orvmvnn

Receiver 51 Fault

Current Pointing
LST=01h13m

Node 10 Fault

Observers Online
® D. Jacobs
® A. Marble (student)
A. Parsons

M. Morales

Recent Logs : :
0%/10/2015 - Node 11 Fault flagged - D. DeBoer Z. Smith (studeat)
08/09/2015 - RFI1 warning from site, check data! - M. Morales

; Flag C atcgorics*
Data Proccssmg Status Browser fail: 12%
Quick look lmagnu 08/09/2015 expand + interference: 9%

missing data: 15%

poor calibration: 2%
“ % % @ % Network Status

Quick look power spectra 081092015 ® HERA
® Karoo-CPT

' ® CPT - UPenn

1 UPenn - MIT
- | ‘i - , - |
t 3 " | I |

Recent Logs
08/09/2015 - Re: RFI wamning from site, check data!
...Power spectra look fine A. Parsons
08/06/2015 - sum fuzz in the high delay bins - D. Jacobs

W m hr \F\V # Penn 32




D. Jacobs Sign out - Settings

EoRLive status dashboard
Hydrogen Epoch of Relonization Array (HERA) ‘ N %
~ : % S

[ )-
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D. Jacobs Sign oul - Settingy

EoRLive status dashboard

Hydrogen Epoch of Retomzation Array (HERA)

Array - Network - Data Analysis - Forum New Forum post
Z. Smath (student)
Array Status Browser Asvay Sumes Summary: 95% up. 2% Check out the image stream from

vesterday! Why does that one look

Recenver 141 Fauh different”?
RS

expand 4

0900000000000
02009000000000000

fudniby  vitel Vit

1 REQUISTS PER SE0OND

Revenver 51 Fau

Current Possting
LST=0Ih13m

Node 10 Fault .
Observers Online
. l) L\'u.‘h
® A Marble (student)

A. Parsons
M. Morales

Recent Logs

N 1 Smath (student
08 102015 < Node 11 Faelt flagged « D. DeBoer Z. Smath (student)
08092018 - RFI waming from site, chock data® - M. Mocakes

000900000000000
00000000000000

Flag Categories

Data Processing Status Browser fail: 12% B
Quick look Imaging os09201s expand + e

WP 38,010
massang data: 15% 0L 2

e

poor calibratson: 2%

1
= ~
ﬂ &k . @ Network Status
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T > se'tra 08092015
Quick look power spectra P ——
' ® CPT - UPoan

LUPerm - MIT

’ -
- | :

3
Recent Logs
(8092015 « Re: RFT warnng feom site, check dasa!
Power spoctea ook fine A, Parsons
WO 2018 - sam furz in the hegh delay bims - D Jacobs
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Transitioning to HPC
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e we don’t know what we are doing
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Data flow
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MWA Processing times

Step Times
record observation 1.86 minute
transfer to Primary Archive in Perth 20 seconds
transfer to US MIT EoR Archive 45 seconds
Average, flag, convert 12 minutes
calibrate, subtract foreground 45 minutes
mode, grid
sidereal time average ~1 minute
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MWA times

Summary:
total linear time to process 1000 hour observation = 3.66 years
estimated wall time ~ 47 days

Step Times
record observation 1.86 minute
transfer to Primary Archive in Perth 20 seconds
transfer to US MIT EoR Archive 45 seconds
Average, flag, convert 12 minutes

calibrate, subtract foreground

mode, grid 45 minutes

sidereal time average ~1 minute
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Computing on the data

e Shared resource with different usage models

The US MWA EoR Archive
¢ transferring data |
volumes

(newly arriving data, hashing, results of averaging) |hea p | shared via

NFS
node01
e converting data I//
(data bound, uses many cores) <

| / : \averaging and
Incoming : gridding 1s

raw data done at the
e subtract and average ;nanzgzg : data to
(data bound) Y \ nodeN minimize
_// transactions

¢ |st average
(combines many data points, a corner turn)

e other cpu intensive jobs (data archive is also largest and most capable machine)
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FSl

Computing on the data

e Shared resource with different usage models

e transferring data The US MWA EoR Archive
(newly arriving data, hashing, results of averaging)
|head |
_ Local Sidereal Time
e converting data < node01
(data bound, uses many cores) o R
—
=
e subtract and average @
(data bound)
nodeN
raw [Seraieh]
¢ |st average

(combines many data points, a corner turn)

e other cpu intensive jobs (data archive is also largest and most capable machine)
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Data Processing Lessons

e transitioning to HPC is hard. most resources are not geared to data intensive
applications. (100 $/TB on the open market, vs >350%/TB at a center)

e nfs can hurt but this is what | can do in an afternoon
e file formats rule the world
e database connection limits are quickly reached, speed matters

e managing data locations can get out of control quickly
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Typical cluster problem

load on 8 core head node

top - 14:83:18 up 274 days, 21:52, 44 users, load average: 48.38, 46.11, 46.8
Tasks: 1157 total, 2 running, 1153 eping, A stopped, 2 zombie

Cpu (s [ | S, 27 .0% : vid, 2Z2.1%wa, 8.8%i, 6.8%1, 0.8%st
Mem: 32 total, 18230812k used, H2A728k free, buffers

Swap: 16498686k total, 149336k used, 16349344k free, 4821216k cached

145 root 39 19 a a AR 99.6 @.8 135426:41 kipmi@
19967 root 28 A 3714m 2.5 2.49 S a3 w115 182 VBoxHead less
186681 root 20 A 16964 1868 8§96 22.1 3439:39 mount .nfs
12627 root 28 @ 5515m 4.1g 4.8 5 7.3 19292:13 VBoxHead less

¢ management overhead step
(from desktop to HPC)
managing 1PB distributed on hardware with multiple use cases on <<99%
hardware
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Typical cluster problem

e mysteriously overloaded machine

¢ management overhead step
(from desktop to HPC)

load on 8 core head node

top - 14:83:18 up 274 days, 21:52, 44 users, load average: 48.38, 46.11, 46.8

Tasks: 1157 total, 2 running, 1153 sleeping, A stopped, 2 zombie

Cpu (s b Jus, 27.6 s B.1%ni, 68.1%id, Z2.1%wa, 6.8%hi, ©0.8%si, 0.8%st
buffers

Swap: 16498688k total, 149336k used, 16349344k free, 4821216k cached

PID USER PR NI VIRT RES SHR S %CPU XMEM TIME+ COMMAND

145 root 39 19 a a AR 99.6 @.8 135426:41 kipmi@

19967 root 28 @8 374m 2.59 2.49 S 86.8 7.8 182 VBoxHeadless

186681 root 28 9@ 16964 1868 89 D 22.1 0.8 *39 mount .hfs
|:|t

12627 ro 28 B 5515m 4.1 4.6g 5 7.3

managing 1PB distributed on hardware with multiple use cases on <<99%

hardware
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Typical cluster problem

e mysteriously overloaded machine

¢ management overhead step
(from desktop to HPC)

load on 8 core head node

top - 14:83:18 up 274 days, 21:52, 44 users, | load average: 48.38, 46.11, 46.8
Tasks: 1157 total, 2 running, 1153 sleeping, g-stoppe; P=ZOMO e

Cpu (s )e 27.6%sy, B.1%i1, 68.1%id, Z2.1%wa, B6.0%hi1, ©B.8%si, 0.8%st
Mem: 3285873 tc buffers

Swap: 16498688k to 149336k used, 16349344k free, 4821216k cached

PID USER PR NI VYIRT RES SHR S5 XCPU *MEM TIME+ COMMAND

145 root 39 19 @ @ AR 99.6 0.8 135426:41 kipmi@
19967 root 28 @A 374m 2.5 2.49 S 86.8 7.8 113593:82 VBoxHeadless
18681 root 28 896 D 22.1 8.8 3439:39 mount .nfs
12627 root 28 B8 5515m 4.1g 4.8 S 7.3 13.8 439292:13 YBoxHeadless

managing 1PB distributed on hardware with multiple use cases on <<99%

hardware
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Typical cluster problem

e mysteriously overloaded machine

e still a mystery as we speak but
definitely io related

¢ management overhead step
(from desktop to HPC)

load on 8 core head node

top - 14:83:18 up 274 days, 21:52, 44 users, | load average: 48.38, 46.11, 46.8
asks: 1157 total, 2 running, 1153 sleeping, oS Coppe, 2 oTe
s B.1%ni, 68.1%id, Z2.1%wa, 06.8%hi, 4.0%s1, 0.0%st
used, 14628720k free, 372068k buffers
149336k used, 16349344k free, 4821216k cached

PID USER PR NI VIRT RES SHR S %CPU 3MEM TIME+ COMMAND

145 root 39 19 A A AR 99.6 8.8 135426:41 kipmiB@
19967 root 28 A 3714m 2.59 2.49 S 86.8 7.8 113593:082 VYBoxHeadless
18681 root 28 396 3439:39 mount .nfs

12627 root 28 B 5515m 4.1g 4.8 5 7.3 13.8 439292:13 VYBoxHeadless

managing 1PB distributed on hardware with multiple use cases on <<99%

hardware

42



Conclusions: Challenges




Conclusions: Challenges




Conclusions: Challenges

2

M Data-*t’rmg‘r“r'rtﬂfetlme

e a‘h . . -2 - o . .‘Q-.




Conclusions: Challenges

4

- MData*&Wrﬂslﬁeﬂme

5 S - T . aeh

i . lgtstra:pping onto HPC

-




