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> F-engine Data Flow
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>ADC

1) ADC16x250-8

run time programmable op¢
16 inputs by 250 M
8 input by 500 MSP:
4 inputs by 1000 M

4 x HMCAD1511

Selectable gain factor

[1. 1.25, 2. 2.5, 4, 5, ¢
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al _sim a
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f3_sim 3
f4_sim fd
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g3_sim a3
_sim od
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8 bit 122kHz

> PFB : Polyphase FIR Filter Frontenc.>.~ &3, [E8] 65
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Function Block Parameters: pfb_fir
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Function Block Parameters: fft_biplex_real_2x

|»

fft_biplex_real 2x {mask)
L\ real-sampled biplex FFT, with output demuxed by 2.

| Latency | Implementation
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’Equalizer
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> Ethernet

e
&-, L 250Msps _ gync Resolutian sync _Cuttosbit  gunc
| Transpose
(=] =3
Bool
Bool led_up p<__ [gbe_sw_led_up]|
gbe_sw_rst > P rst Bool
led_rx p<__ [gbe_sw_led rx] |
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UFix_64 0 »ltx data led_tx p<__ [gbe_sw_led tx]|
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Software Platform MATLAB, Simulin

K. System generator,

i : MSS5GE
ROACH2 PCORE PCORE PCORE
& 24 Ol 2L
System XSG core config pfb_core fft core  transpose_core
Generator
adc —r—r—r—ﬂ
Flow run time summary: (01:38:35 seconds total)
System update............ 00:00:55
Design Rules Check....... 00:00:11
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> Network
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’ Network

B Signal bandwidth: 125 MHz
B Effective bandwidth :100 MHz

B Frequency range: 700 MHz - 800 MHz 685.0 MHz 809.9 MHz

B ADC sample rate: 250 Msps 692.8125 MHz 802.1875 MHz

B Number of frequency channels: 1024

e 0

B Frequency resolution:
Av = 125 MHz/1024 = 122.07 kHz
B Signal bandwidth handled by each GPU server:

128 x 122.07kHz = 15.625 MHz

1— 896 channels —l-

B Seven GPU servers (896 frequency channels) :

15.625MHz X 7 = 109.375 MHz > 100 MHz (effective bandwidth)



X-engine: Hardware

Work lead by Zhang Ke

Hardware Processor Graphics card

: Dual Intel E5- Dual 2-port
Supermicro 2670 Dual GTX 690 10GbE 3.0 128 GB RAM
Dell Dual Intel E5- 5 RTx 3080  Dual 2-port 4.0 256 GB RAM

2699 10GbE



’X-engine: Hashpipe (High Availibility Shared Pipeline Engine)

Input Data GPU Data Dutput Data
Buffer Buffer Buffer

( Data Input Data Storage )

Status Buffer

The data operation in the X-engine is managed by the hashpipe software running on CPU and
GPU heterogeneous servers.

Hashpipe was originally developed as an efficient shared pipe engine for the National

Astronomical Observatory, the Universal Green Bank Astrospectrograph (Prestage et al. 2009).

The GPU CMAC is done by xGPU which is written by M.Clerk (Clark et al., 2013).



’Cluster Correlator Linearity

IF output level is adjusted to about -13dB mW.
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Correlator system’s linear dynamic range
is between -22 dBm and 0 dBm within the

125 MHz bandpass.

In real observations, the power levels
from the receivers vary by at most 10 dB,
so this dynamic range meets the
observation needs.



> Phase Calculation Accuracy Test
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> Phase Calculation Accuracy Test
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we obtain a propagation speed in the coaxial cable of about 0.78c (0.78 times speed of

light in vacuum), which is consistent with the specification of the RF cable.



> Power

Six ROACH2 Boards + Master Computer : 220 V x 3.5 A =770 W
Seven GPU Servers + 10GbE Switch + 1GbE Switch : 220 V x 17.5 A = 3850 W

Total power: : 770 W + 3850 W = 4620 W



Thank you for your attention!
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