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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 = perentic

"'ﬁ.“@s" SKA Low Correlator & Beamformer

Cross-multiply every station with every other station: O(N?) 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 1056CMACunits @ 533 MHz g




Complex Multiplication

SKA Low Correlator & Beamformer

‘.é.‘.'.’:‘-'.'.'? e

Cartesian Multiplication:
z= XYy
=(a+1ib) - (c +1d)
=(a*c —b-d)+i(a-d +b-c)
4 Multiplies, 2 Additions/Subtractions

Karatsuba (Gaussian) Multiplication:

K, =a-c

K, =b-d

K;=(a+b)-(c+d)=(a:c + b-c + a-d + b-d)
z=(K, - K)+iK; —K; = K,)

3 Multiplies, 5 Additions/Subtractions
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Complex Multiplication _Jiperentie

Cartesian Multiplication:

zZ= XYy
: : | PCIN
=(a+1b) - + 1 r N
:EZ_C 2_(1(;+i(‘;)_d o) AL Xilinx DSP48E2
4 Multiplies, 2 Additions/Subtractions D| }@’ FF
> FF @ o , = ILe
Karatsuba (Gaussian) Multiplication: B > FF > FF
K, =a-c
K, =b-d SiNpn > FF
Ky=(a+b)-(c+d)=(a:c + b-c + a-d + b-d) \ L /
z=(K, —K)) +i(K; - K —K) Xilinx Ultrascale+
3 Multiplies, 5 Additions/Subtractions One 18x27b signed multiply.
=>3168 DSPs
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Complex Multiplication

Cartesian Multiplication:
z= XYy
=(a+1ib) - (c +1d)
=(a*c —b-d)+i(a-d +b-c)
4 Multiplies, 2 Additions/Subtractions

Karatsuba (Gaussian) Multiplication:

K, =a-c

K, =b-d

K;=(a+b)-(c+d)=(a:c + b-c + a-d + b-d)
z=(K, - K)+iK; —K; = K,)

3 Multiplies, 5 Additions/Subtractions

Actually, we only need a 8b - 8b multiplier!
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y:*"““ perentle

i S a'. SKA Low Correlator & Beamformer

vy O

| PCIN

> FF Xilinx DSP48E2

FF
> FF

FF + FF

> FF > FF
> FF > FF
\ Y
Xilinx Ultrascale+
One 18x27b signed multiply.
=>3168 DSPs



- - s .
The cramming begins... . i perentie
9"""-!1-:-'-‘?": SKA Low Correlator & Beamformer
x=a+ib => x'=ar® b 0
yori = ymor ‘[0 I
zZ'=xy X = “ n
z'=(a+2%b)- (c+2"d)
| d 0
z'=2vpd+2%-c +2%ad+ac +
z'= 2vp-d+2%bc+ad) +ac 0
y = I
7’ = b-d b-c+ad a-c

z=bd-ac+ibc+ad
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Unsigned Complex Multiplication f#:.ﬁfrem.e

* a'. SKA Low Correlator & Beamformer

Payged

] . MSB LSB
zZ= ( a+t /b)' ( c+* /d) biw-1] b[...] b[3] b[2] b[1] b[0] '0* ‘0* '0* ‘0’ ‘'0' '0' a[w-1]al...]a[3] a[2] a[1] a[0] LS8

=(ac-bd)+iad+bc) - c[0]
. cl1]

b.c d.C @

5 Ec[---]

 olw-1]

5 Unsigned o
0 “Unsigne g

Shift and Add _
Mutiplier Structure o
(o]
L d[1]
- d[2]
- d[3]
dl...]
s diw-1]

| Imaginary é
- » Real
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Signed Complex Multiplication

MSB "1’ '1''1t 1ty LSB
blw-1] b[...] b[3] b[2] b[1] b[O] *1rr1''1r *1' "1 1" ajw-1]al..]a[3] a[2] a[1] a[0]

. LSB
- cl0]

b.c a.c 4

 c[3]
1 cf..]
© c[w-1]

5 Unsigned o
0 “Unsigne g

Shift and Add _
Mutiplier Structure o
- do]
1]
- d[2]
- d[3]
dl...]
s diw-1]

| Imaginary 6
- » Real
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Simulation for w=3, therefore a,b,c,d in range -3 to +3

It works! Except for the one case wherea =6 =c =d =2
- but the SKA uses -2¥ as NaN anyway
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i

Ultrascale+ DSPs ﬁ*"“‘* - perentie
"--..,.‘,_;-. SKAL w Correlator & Beamformer
| PCIN
a (U Xilinx DSP48E2 |
FF
D, FF ]@’ :@ P
B
> FF > FF
C
> FF > FF
\ Y J

Xilinx Ultrascale+
One 18x27b signed multiply.
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Uit le+ DSP Woorenti
rascaie S . F2perentie
q"'-'-..,__,.;.._a'e.:-"' SKA Low Correlator & Beamformer

MSB LSB
aw-1]al..]a[3] a[2] a[1] a[0] 'O" '0' '0" ‘0" '0' '0' bjw-1] b[..] b[3] b[2] b[1] b[0]

z=(a+ib) (c+id) LSB

=(ac-bd) +ifad+bc) C{?}
d.C b.c @
: gc[...]

© cw-1]

blw-1] b[...] b[3] b[2] b[1] b[0]§ ' ' ‘0 ' 0" 'O -alw-1BL[..]a[3] -a[2] -a[1]-a[0j

b.d

--d[1]

- -d[2]
- -d[3]
Imaginary
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W

perentie

g ad® SKA Low Correlator & Beamformer

Ultrascale+ DSPs

z=(a+ib) (c+id) =(ac-bd) +iad+bc)

A To—bl Fr DSP48E?2 | 0
(SIS [b—p{FF 1 — £ H»
. Sig» FF———>FF Real

0

_ pee DSP48E2
17:9 FF >
26:18 8:0 FF .
bI0T0 | FF @ 7] _Imaginary
17:9 FF FF »| ac-bd |bc+ad|

[-d—p>{FF » FF
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"

Ultrascale+ DSPs . K perentie

% Jof
g ad® SKA Low Correlator & Beamformer

z=(a+ib) (c+id) =(ac-bd) +iad+bc)

st blrr DSP48E2 0
(SIS [b—p{FF 1 — £ H»
. Sig» FF———>FF Real

0

_ pee DSP48E2

17:9 FF >

26:18 8:0 FF .

bI0T0 | FF @ 7] _Imaginary
17:9 FF FF »| ac-bd |bc+ad|

8:0

Conjugate! [-d—»FF > FF
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Results y?*"““?perentle

& SKA Low Correlator & Beamformer

Cagged

TABLE II
IMPLEMENTATION RESULTS FOR XILINX ULTRASCALE+

Style Width LUTs FFs DSPs Fmax
optimised O-bit 86 54 2 640 MHz
inferred O-bit 99 163 2 450 MHz
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Netlist

Nets

Leaf Cells
E_ARRAY_DRIVER

AC_RESET_PIPE (pipe ela
C IACS_ROWIO].E_CMAC_QUE
MACS_ROW[L].E_CMAC_QU/
ACS_ROW[2] E_CMAC_QU/
_CMACS_ROW[3].E_CMAC_QUY

_CMACS_ROW[4].E_CMAC_QU/

_CMACS_ROW([S] MAC_QU#
CMACS ROWIRT E CMAC 01 1LY

Source File Properties

@ cmac_tdm_pkg.vhd o

¥ Enabled

ihome/abelfRe positoryiwk_bitbuick(

Type: vHDL 2008

Library: work D

General FProperties
Timing
aQa = = 4 Design Timing Summary
»
General Information ”
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 0.210ns Warst Hold Slack (WHS): 0.026 ns Wworst Pulse Width Slack (WPWS): 0.758 ns
Clock Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS) 0.000 ns Total Pulse Width Negative Slack (TPWS): 0.000 ns
Check Timing Number of Failing Endpoints: 0 Number of Falling £ Number of Failing Endpoints: 0
Intra-Clock Paths - o - p - i N
Total Number of Endpoints: 943536 Total Number of Endpaints: 943 Total Number of Endpoints: 330840

Inter-Clock Paths

Other Path Groups All user specified timing constraints are met.

Timing Summary - impl_1 (saved)
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esults: M=18, =440 MHz

Metlist

M
o

Source File Properties

cmac_tdm_pkgvhd o
¥ Enabled
Locatior home/abeliRepositoryiwk_bitbucks

General | Propanies
Timing
aQ = - 4 Design Timing Summary
»
Setup Hold Pulse Width

Warst Negative Slack (WNS): 0.1 1S Warst Hold Slack (WHS st Pulse Width Slack (W

Total N Total H k (THS): Pulse Width N

Number of Falling Endpeints: 0 Number of Failing Endpoints: 0 Number of Failing Endpoints: 0

Total Number of Endpoints: 848818 Total Number of Endpoints: Total Number of Endpoints 297723

All user specified timing constraints are met.

Timing Summary - impl_1 {saved)
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Results: M=17, =505 MHz

Netlist 2 Device
=|H L]

cmac_array
Nets

Leaf Cells
E_ARRAY_DRIVER
E_COL_CMAC_RESET PIPE
E_RETIME_CONTEXT .
E_ROW_CMAC_RESET_FIPE :
G_CMACS_COL[0].G_CMACS_ROWI[O].
1ACS_ROW[1].
G_CMACS_COL[0).G_CMACS_ROW[2].E_CMAC_QUI
E_CMAC_QU#
MACS_ROW[4].E_CMAC_QU#
1ACS_ROW(S]

G_CMACS_COL[0].G_CMACS_ROW
G_CMACS_COL[0]
G_CMACS_COL[0].G

G_CMACS_COL[0].G_CMACS_ROW[6].E_

Source File Properties

® cmac_tdm_cache.vhd o
¥ Enabled
Location: fhome/abel/Repository/wk_bitbucks
Type: VHDL 2008 |
Library: work [+]
Siza: 14.8 KB v
General roperties
Timing
Q = = 4 Design Timing Summary
»
General Information %
Timer Settings Setup Hold Pulse Width
Design Timing Summary Worst Negative Slack (WNS): 0.064 ns Worst Hold Slack (WHS) 0.026 ns Worst Pulse Width Slack (WPWS) s
Clock Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): 0.000 ns Total Pulse Width MNegative Slack (TPWS): 0.000 ns
Check Timing Number of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 f Failing Endpoints: 0
Intra-Clock Paths i
S Total Number of Endpoints: 764686 Total Number of Endpoints: 764686 Total Number of Endpoints 271966
Timing Summary - impl_1 (saved)
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Netlist

=" o
cmac_array
Nets
Leaf Cells
E_ARRAY DRIVER

G_CMACS_COL[0].G_CMACS_ROW[1].E_CMAC_QU!#
G_CMACS_COL[0].G_CMACS ROW[2].E_CMAC_QU#

Properties
-
Timing
Q = = 4 Design Timing Summary
»
General Information
Timer Settings Setup Hold Pulse Width
Design Timing Summary worst Negative Slack (WNS): 0.070 ns Worst Hold Slack (WHS) 0.021 ns Worst Pulse Width Slack (WPWS): 0.393 ns
Clock Summary Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): Total Pulse Width Negative Slack (TPWS): 0.000 ns
Check Timing Number of Failing Endpoints: 0 Number of Failing Endpoints Number of Failing Endpaints: 0
Intra-Clock Path
niraiDe Rettis Total Number of Endpoints 678015 Total Number of Endpoints: Total Number of Endpoints: 237190

InterClock Paths
Other Path Groups All user specified timing constraints are met. :

Timing Summary - impl_1 (saved)
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Results

Matrix
Size (M)

30 (15
Stations)

32(16
Stations)

34 (17
Stations)

36 (18
Stations)

38(19
Stations)

40 (20
Stations)

Stations
per Row
(D)

35

31

29

27

TDM
Slots

614

512

482

422

366

338

Stations
Supported

(>N/2)

325

512

527

322

513

520
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TDM
Cache
BRAM36s

130

160

136

144

152

160

CMACs

930

1056

1150

1332

1482

1640

DSP48s

1860

2112

2380

2664

2964

3280

Required
Fmax

639.6
MHz

533.4 MHz

5021
MHz

439.6
MHZ

381.25
MHz

352.1
MHz

/

do;

e
9

J1perentie

"'-'-..“...a,-" SKA Low Correlator & Beamformer

Factor 1/2 of
Karatsuba

Factor 2/3 of
Karatsuba

20



DSP48E2 |

> FF 0
26:18 8:0 @’ FF
> FF FF [
17:9 FF m R |
ea
[C ™ FF > FF
s = sign
extension > : 0
17:9 FF >
26:18 8:0 FF
(bIOTO 7 FF v [
q: :@~ FF @o FF »| ac-bd|bc+ad| Imaglnary
-d— FF > FF

Questions / Discussion?
Thank-youl!
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