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SKA1 - Low
512 stations
(dual polarisation)

256 x 40 Gbps optical fibre links 
back to the Central Signal 
Processor (CSP)
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CSP – Central Signal Processor
Cross-multiply every station with every other station: O(N²) operations.
Where N = 2*512 = 1024 for Low.
Then accumulate to “beat down the noise” by the Central Limit Theorem.

Largely implemented with FPGA clusters: 288 Xilinx Ultrascale+ VU37P 

SKA.Low = 288 FPGA x 1056 CMACunits  @ 533 MHz
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Complex Multiplication
Cartesian Multiplication:
z =   x · y
M = (a  + ib) · (c + id)
M = (a·c − b·d) + i(a·d + b·c)  
4 Multiplies , 2 Additions / Subtractions

Karatsuba (Gauss ian) Multiplication:
K1 = a·c
K2 = b·d
K3 = (a  + b) · (c + d) = (a·c + b·c + a·d + b·d)
z = (K1 − K2 ) + i(K3 − K1 − K2)
3 Multiplies , 5 Additions / Subtractions
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Complex Multiplication
Cartesian Multiplication:
z =   x · y
M = (a  + ib) · (c + id)
M = (a·c − b·d) + i(a·d + b·c)  
4 Multiplies , 2 Additions / Subtractions

Karatsuba (Gauss ian) Multiplication:
K1 = a·c
K2 = b·d
K3 = (a  + b) · (c + d) = (a·c + b·c + a·d + b·d)
z = (K1 − K2 ) + i(K3 − K1 − K2)
3 Multiplies , 5 Additions / Subtractions

Xilinx Ultrascale+
One 18x27b s igned multiply.
=> 3168 DSPs
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Complex Multiplication
Cartesian Multiplication:
z =   x · y
M = (a  + ib) · (c + id)
M = (a·c − b·d) + i(a·d + b·c)  
4 Multiplies , 2 Additions / Subtractions

Karatsuba (Gauss ian) Multiplication:
K1 = a·c
K2 = b·d
K3 = (a  + b) · (c + d) = (a·c + b·c + a·d + b·d)
z = (K1 − K2 ) + i(K3 − K1 − K2)
3 Multiplies , 5 Additions / Subtractions

Actually, we only need a  8b · 8b multiplier!

Xilinx Ultrascale+
One 18x27b s igned multiply.
=> 3168 DSPs
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The cramming begins...
b 0 0

0 0 a

b 0 a

d 0 0

0 0 c

d 0 c

+

x’ =

+

y’ =

x = a + ib   =>    x’ = a + 22wb
y = c + id   =>    y’ = c + 22wd

z’ = x’·y’
z’ = (a + 22wb) · (c + 22wd)

z’ = 24wb·d + 22wb·c + 22wa·d + a·c
z’ =  24wb·d + 22w(b·c + a·d) + a·c

z = b·d - a·c + i(b·c + a·d)

a·cz’ = b·d b·c + a·d
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Unsigned Complex Multiplication
z = (a + ib) · (c + id)
= (a·c − b·d) + i(a·d + b·c)
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Signed Complex Multiplication
'1''1''1''1''1''1'

'1''1''1''1''1'
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Signed Complex Multiplication

a
b
c
d

z_real
z_imag

Simulation for w=3, therefore a,b,c,d in range -3 to +3.

It works! Except for the one case where a = b = c = d = -2w

- but the SKA uses -2w as NaN anyway
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Ultrascale+ DSPs

Xilinx Ultrascale+
One 18x27b signed multiply.
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Ultrascale+ DSPs
z = (a + ib) · (c + id)
= (a·c − b·d) + i(a·d + b·c)
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Ultrascale+ DSPs
z = (a + ib) · (c + id)  = (a·c − b·d) + i(a·d + b·c)
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Ultrascale+ DSPs
z = (a + ib) · (c + id)  = (a·c − b·d) + i(a·d + b·c)

Conjugate!
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Results
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Results: M=19, f=384 MHz
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Results: M=18, f=440 MHz
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Results: M=17, f=505 MHz
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Results: M=16, f=534 MHz
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Results

Factor 1/2 of 
Karatsuba

Factor 2/3 of 
Karatsuba



S11: CSP CDR Review: 26th Sep 2018 2121

Questions / Discussion?
Thank-you!
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