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• 11 – 12 April, Gothenburg, Sweden
• Bridging Plan: (covering interval between design element 

CDRs and System CDR/Construction Proposal)
– Board approves centralised management approach and 

overall activity scope (about 66 FTE years)
• Early Production Arrays

– Board endorses development of implementation plan
• Operations Model Review

– Board endorses Panel recommendation of partnership 
model rather than Service Level Agreements for Telescope 
Operations, instructs further development

SKA Board Meeting 26 Outcomes 

Footer text



CDR Activity – Updates

Green: Successful phase
Red: Potential schedule change
Blue: Updated from last report

Element RRN Submission CDR Submission CDR Meeting

SaDT & SAT 17 January 2018 28 February 2018 15-18 May 2018

TM 29 January 2018 28 February 2018 17-20 Apr

CSP 18 May 2018
- PSS Sub-Element CDR 
- PST Sub-Element CDR
- CBF-Low Sub-El CDR
- CBF-Mid Sub-El CDR

30 June 2018 25 – 28 Sept 2018

INAU 19 March 2018 30 April 2018 27-29 June 2018

INSA 19 March 2018 30 April 2018 2-4 July 2018

LFAA 30 March 2018 TBD TBD

System CDR (incl. AIV) close See Roadmap See Roadmap 30 March 2019

SDP 17 September 2018 31 October 2018 31 December 2018

DSH ECP Pending
- SPF B2 Sub-element CDR

ECP Pending ECP Pending



• SADT – over 1000 observations; review meeting still on track 
for mid-May 

• TM – CDR passed, now focused on closing out some 500 
review tickets 

• CSP – Sub-system CDR reports have been released 
• INFRA – passed the Review Readiness for their CDR and 

delivered packs 
• SDP – passed the Readiness Review for their pre-CDR and 

delivered the pack 
• LFAA – Readiness Review unsuccessful, see below 
• DSH – Some delays to dish structure; sub-element CDRs 

planned throughout 2018, a few in early 2019

Element CDRs
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• In-depth	study	of	SKA1	computing	requirements	
from	Science	perspective	underway

• SDP	Parametric	Model	key	parameters:
– Use-Case	Parameters:	BMax,	nMin and	nMax,	TPoint (total
depth	for	pointing)	

– Calibration	Parameters:	NAteam,	NSource,	NSelfCal,	NMajor,	
NIpatches all	are	strong	functions	of	(BMax,	n and	TPoint )

– Model	for	functional	dependence	of	the	Calibration	
parameters	on	the	Use-case	parameters	

– Improvements	ongoing	to:	source	population	numbers	
and	sizes,	dish/station	beams

SKA1 Science HPC Requirements
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N(>S)(n)	=	N0	(S/ST(n))^(-b1)		 	 (for	S	<<	ST)	
	 						N0	(S/ST(n))^(-b1-b2)		 (for	S	>>	ST).	
	
For	the	RG	and	QSO	object	classes,	a	fixed	spectral	index	aRG	=	-0.98	and	aQSO	=	-0.28	was	
found	 sufficient	 to	permit	 frequency	 scaling	between	0.15	and	15	GHz,	while	 for	 the	 SFG	
object	 class	 it	was	 found	necessary	 to	 allow	 for	 an	effective	 spectral	 index	 as	 function	of	
frequency	based	on	a	thermal	regime	aT	=	-0.1,	a	non-thermal	regime	aNT	=	-0.95	and	thermal	
fraction	fTh0	=	0.3	at	a	reference	frequency	n0	=	1.4	GHz.	So,	
	
aSFG(n)	=	log10[fTh0(n/n0)aT]	+	(1-	fTh0)	(n/n0)aNT]/log10(n/n0).	
	

	

	
Figure	1.	Number	counts	from	the	T-RECS	simulations	[RD8]	at	0.15,	1.4	and	15	GHz	in	total	(top	left)	and	by	
source	 category;	 star-forming	 galaxies	 (top	 right),	 steep	 spectrum	 radio	 galaxies	 (bottom	 left)	 and	 flat	
spectrum	Active	Galactic	Nuclei	(bottom	right).	The	empirical	source	count	model	for	the	source	populations	
is	overlaid	as	the	solid	lines	in	each	panel.	The	NVSS	number	counts	at	1.4	GHz	[RD5]	are	also	shown	in	the	
total	distribution	panel.	

Updated Source Models

• T-RECS	simulation	outputs	at	0.15,	1.4	and	15	GHz



• Improved	beam	modelling	of	both	SKA1-Low	stations	and	SKA1-
Mid	dishes	for	integration	of	source	counts,	including	side-lobes

Station/Dish Beam models
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NTot(n,tH,BMax)	=	åj	NObj(n,tH,BMax).	
	
The	solid	angle	as	function	of	beam	attenuation	is	determined	from	a	model	of	the	station	
and	dish	beams.	For	the	SKA1-Low	stations	we	first	consider	a	semi-random	distribution	of	
256	antennas	with	a	minimum	centre	to	centre	separation	of	1.6m	and	maximum	separation	
of	D=38m.	The	fractional	RMS	amplitude	error	and	phase	error	during	station	beam	formation	
are	assumed	to	be	2%	and	2°,	and	a	2%	random	antenna	failure	rate	is	adopted.	The	station	
is	 assumed	 to	be	pointing	at	 a	 representative	 zenith	angle	=	37°,	 and	 the	product	of	 two	
station	voltage	beams	which	are	rotated	relative	to	each	other	by	11°	in	azimuth	is	shown	in	
Figure	3.	
	

	
	
Figure	3.	Beam	model	for	SKA1-Low	(left)	and	SKA1-Mid	(right).	The	coloured	contours	are	drawn	at	-10,	-20	
and	-30	dB	(red,	blue,	magenta),	while	intermediate	black	contours	are	drawn	at	-15,	-25	and	-35	dB.	
	

For	the	SKA1-Mid	dishes	we	take	as	starting	point	an	unobstructed,	uniformly	illuminated	Airy	
pattern,	[J1(r)/r]

2,	with	r	=	D/l	and	D	=	15m.	This	is	understood	to	be	only	an	approximation,	
since	the	aperture	illumination	is	actually	tapered	toward	the	edges	and	is	non-axisymmetric.	
To	both	of	the	patterns	shown	in	Figure	3	we	add	an	assumed	far	side-lobe	contribution,	
	
AF	=	hF	(l/D)2,	
	
where	hF	=	0.5	for	SKA1-Low	and	0.2	for	SKA1-Mid	(see	RD2)	and	renormalize	the	attenuations	
as,	
	
A’i	=	(Ai	+	AF)/(1	+AF).	
	
We	have	evaluated	NTot(n,tH,BMax)	 for	each	of	the	frequency	sub-bands	defined	in	Table	 in	
conjunction	with	four	different	total	integration	times	that	attempt	to	span	the	full	range	of	
possible	experiment	types,	tH	=	1000,	100,	3	and	0.1	hours	as	well	as	several	different	possible	
values	of	the	desired	angular	resolution	during	calibration,	corresponding	to	BMax	=	65	and	



• Modelled	calibration	parameters	that	should	permit	~thermal	
noise	limited	data	products	within	very	deep	integrations

SKA1 Calibration Requirements
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Finally,	it	is	necessary	to	specify	the	major	cycle	number	that	would	be	associated	with	the	
final	data	product	preparation	(the	DPrep	pipelines).	Assuming	that	the	self-calibration	has	
been	undertaken	to	a	depth,	as	outlined	above,	that	is	appropriate	to	the	final	depth	of	an	
observation,	then	the	continuum	model	of	the	observed	field	that	has	been	developed	in	the	
ICAL	 step	 is	 already	 appropriate	 for	 direct	 subtraction	 and	 optional	 restoration	 (with	 a	
matched	Gaussian	beam)	to	any	desired	data	product.	Beyond	this,	there	should	be	very	few	
circumstances	 under	 which	 further	 deconvolution	 of	 data	 products	 is	 necessary.	 As	
demonstrated	in	Section	7.1	and	7.2	of	RD4,	the	dirty	point	spread	function	obtained	with	a	
“uniform”	data	weighting	followed	by	Gaussian	tapering	during	gridding,	already	provides	an	
appropriately	high	image	dynamic	range,	varying	between	about	15	and	50	dB	for	different	
combinations	 of	 observing	 track	 length	 and	multi-frequency	 sampling,	 for	 the	 anticipated	
residual	brightness	distributions.	We	will	therefore	assume	NMaj	=	0	during	the	DPrep	phase.	
	
nmin	
(GHz)	

nc	
(GHz)	

nmax	

(GHz)	
Sub-
band	 Band	 NAteam	 NSource	

SMax	
(Jy)	

SMin	
(Jy)	

NSelfCal/	
N’SelfCal	

NMaj/	
N’Maj	

NIpatch	

0.050	 0.060	 0.069	 Low	sb1	 	 19	 36820	 68	 14m	 6/1	 3/1	 336	
0.069	 0.082	 0.096	 Low	sb2	 	 15	 35270	 32	 3.9m	 6/1	 3/1	 180	
0.096	 0.114	 0.132	 Low	sb3	 	 12	 28390	 14	 1.4m	 5/1	 3/1	 93	
0.132	 0.158	 0.183	 Low	sb4	 	 10	 24760	 6.3	 0.7m	 5/1	 3/1	 48	
0.183	 0.218	 0.253	 Low	sb5	 	 9	 17050	 2.8	 0.5m	 5/1	 3/1	 25	
0.253	 0.302	 0.350	 Low	sb6	 	 8	 9602	 1.3	 0.5m	 5/1	 2/1	 20	
0.35	 0.41	 0.48	 Mid	sb1	 B1	 8	 29860	 2.0	 0.3m	 6/1	 3/1	 36	
0.48	 0.56	 0.65	 Mid	sb2	 B1	 5	 25140	 0.9	 0.1m	 6/1	 3/1	 20	
0.65	 0.77	 0.89	 Mid	sb3	 B1	 3	 21530	 0.4	 60µ	 5/1	 3/1	 20	
0.89	 1.05	 1.21	 Mid	sb4	 B2	 2	 18770	 0.2	 20µ	 5/1	 3/1	 20	
1.21	 1.43	 1.65	 Mid	sb5	 B2	 1	 16290	 90m	 15µ	 5/1	 3/1	 20	
1.65	 1.95	 2.25	 Mid	sb6	 	 0	 11430	 50m	 9µ	 5/1	 3/1	 20	
2.25	 2.66	 3.07	 Mid	sb7	 	 0	 6660	 31m	 7µ	 5/1	 3/1	 20	
3.07	 3.63	 4.18	 Mid	sb8	 	 0	 3770	 20m	 6µ	 5/1	 3/1	 20	
4.18	 4.94	 5.70	 Mid	sb9	 B5a	 0	 2087	 13m	 5µ	 5/1	 2/1	 20	
5.70	 6.74	 7.78	 Mid	sb10	 B5a	 0	 1117	 8m	 4µ	 4/1	 2/1	 20	
7.78	 9.19	 10.61	 Mid	sb11	 B5b	 0	 582	 5m	 4µ	 4/1	 2/1	 20	
10.61	 12.53	 14.46	 Mid	sb12	 B5b	 0	 293	 3m	 3µ	 4/1	 2/1	 20	

	
Table	 2.	 Sub-bands	 and	 calibration	 parameters	 for	 SKA1-Low	 and	 SKA1-Mid.	 The	 parametric	 model	
parameters	that	correspond	to	the	case	of	the	deepest	integrations	using	the	maximum	available	baselines.		
	
For	 reference,	we	collect	 the	calibration	parameters	 (NAteam,	NSource,	NSelfCal,	NMajor,	NIpatches)	
that	 follow	 from	 the	 simple	 model	 outlined	 in	 this	 section	 for	 the	 case	 of	 the	 deepest	
integrations	(tH	=	1000)	and	the	largest	available	BMax	(=	65km	for	SKA1-Low	and	150km	for	
SKA1-Mid)	in	Table	2.	As	noted	above,	the	value	of	NMajor	is	the	average	value	that	applies	to	
each	of	the	NSelfCal	iterations,	while	for	the	case	of	data	product	preparation	it	is	assumed	that	
NMajor	=	0.	The	calibration	parameters	are	relaxed	for	more	shallow	integrations	and	reduced	
BMax.	Also	shown	in	the	Table	are	the	model	predictions	for	the	brightest	randomly	occurring	
source	within	the	field	of	view	SMax(WTot,n)	as	well	as	the	minimum	apparent	(as	tapered	by	
the	primary	beam)	flux	density	of	source,	SMin,	that	needs	to	be	included	in	the	LSM.	
	



• Instantaneous	HPC	load	as	function	of	(BMax,	n, TPoint )

SKA1 HPC Requirements



• New	estimates	now	in	preparation	of	the	use	case	mix	
that	can	be	supported	with	various	size	HPC	deployments

• Even	modest	HPC	can	provide	significant	science	return,	
albeit	with	duty	cycle	limitations	for	the	more	demanding	
experiments

SKA1 Science HPC Examples

SKA1-Low	Use	case	type	(n, TPoint ) SKA1-Mid	Use	case	type	(BMax,	n, TPoint )



• Computational	efficiency	assumed	to	be	10%;	
could	be	much	better	(LOFAR	EoR GPU-based	
pipeline	achieving	>80%	efficiency)

• Better	representation	of	Direction	Dependent	
Calibration	methods	needed	in	Parametric	model

• HPC	costs	completely	dominated	by	DFT;	could	
be	reduced	with	partial	FFT	usage;	could	be	
implemented	with	much	higher	than	10%	
efficiency	(as	noted	above	for	GPUs)

SKA1 HPC Caveats




