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A bit of IT- & Technology History...
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SKA: What is it?

~0.5M Antennae

.5GHz-1.7GHz.

~0.5M Antennae

.07GHz-0.45GHz.

~3000 Dishes

3GHz-10GHz.

.5GHz-1.7GHz.

Next generation radio astronomy:

Phase I: Start of deployment 2022
Phase II: Start of deployment 2024

Now: 

phase to address fundamental and 
applied science questions to enable 
such a system SKA = Square Kilometer Array

SKA: Why?



Aperture synthesis

celestial sphere
sky sources

beamforming
at stations

reconstruction 
of sky image

interferometry, cor-
relation of station 

beams 

inverse

Fourier
transform

HPC

central

correlator

R = E{y(t) y(t)H}y(t) = wHx(t)

Fourier
transform

relation

beamformer cabinet

SKA: Data Processing?

~ 1 PB/Day.

330 disks/day

120’000 disks/yr

~ 10 Pb/s

86’400 sec/day

Processing Engine

1. 109 samples/second * .5M antennae: .5 1015 samples/sec.

2. 3.5 109 samples/second * .5M antennae: 1.7 1015 samples/sec.

3. 2 1010 samples/second * 3K antennae: 6.1013 samples/sec 
120’000 disks/yr14 ExaByte/day

Top 500: Sum=123 PFlops.   2GFlops/watt.
� 100x Flops of Sum!           � ~ 7GWh

� We need the DOME project to improve this!

DOME3. 2 1010 samples/second * 3K antennae: 6.1013 samples/sec 

Sum = 2 1015 samples/second  @ 86400 seconds/day:

170 1018 (Exa) samples/day. Assume 10-12x reduction @antenna:

14 Exabytes/day (minimum).



Dome Project:

��������	
�����


�
�������
��	�����
�	
�����

�������	� �
	������	���

��������	
���������


���������	
������

����������
����������������
��

�������	� ��
	����� ����
��

� ������������


� �������	��

��		���������


� ������������	


� ����
�����


� �����������


� ����

��������
�

PISA Workload Properties ExaBounds System results

Platform Independent 
Software Analysis

Design Space Exploration to Exascale

Results:
• Improved accuracy 1-2 orders of magnitude (vs. traditional linear regression)
• Design Space Exploration of 324 architecture design points in ~50 min. on laptop

A. Anghel, L. Vasilescu, R. Jongerius, G. Dittmann, G. Mariani, "An Instrumentation Approach for Hardware-Agnostic Software Characterization", 
G. Mariani, A. Anghel, R. Jongerius, G. Dittmann, "Scaling Application Properties to Exascale",
Both: ACM Computing Frontiers, May, 18-21, 2015, Ischia, Italy.



Storage tiers: 
Data units assignment example (1000 100GB chunks)

Budget = $23,000
Mean Response = 0.27 sec

Budget = $35,000
Mean Response = 0.0017 sec 

� Red: SSD
� Green: HDD
� Blue: Tape
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Power convertor card

Micro Servers:

DOME Microserver mechanical drawing of 2U node: 

512 x 64-bit POWER Cores @ 2.2GHz, 2TB DRAM

128xµServer:

The integration of an entire 
server node motherboard* into 
a single microchip except 
DRAM, NOR-boot flash and 
power conversion logic.

R.P. Luijten, R. Clauberg, A. Doering, D. Pham, A. Nguyen, M. 
Pandya, “Energy efficient MicroServer based on 1.8GHz 12 

core 185K Coremark 28nm 64-bit SoC for big data 

applications featuring 159GB/s/liter memory BW system 

density”, IEEE International Solid-State Circuits Conference 
(ISSCC), Feb. 22-26, 2015, San Francisco, USA.



Basic Algorithms: 

�

Basic radio-interferometry:
A-Projection

More natural domain,
• No gridding
• No FFT
• More flexible

A new imaging domain:
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Publication in preparation

Real-Time Communication:

• Power consumption of data transfer

• Efficient data transfer – fast, zero-copy

• “Big Data” (sensor) processing 

Unreliable RDMA protocol, with direct access to FLASH:

• Soft-iWARP /UDP RDMA: 30% improved latency over TCP,

• ~ 50% less power / Gb/s then TCP/IP data transfer.

Sep 10 2013                                                         
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“FlashNet”:

• Extensions to S-iWarp to access remote flash
• Full RDMA end-to-end semantics
• Mediate between varying Flash access delay and network
• Stall/resume data transfer upon media availability
• Request I/O page before IO mem. Operation
• Sync. After read/write completion



In the Exa-data-regime:

1. Design exploration becomes key to control power dissipation

2. Data access&movement is the key problem (not computation) 

Take away:

2. Data access&movement is the key problem (not computation) 
Consequently “Mind-your-DATA-access&movement”

3. Re-thinking of the algorithm to do the task is a good starting 
point


