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ACA Specirometer
Current Spectrometer for Total Power Array

)TN « Developed by KASI and NAOJ using
- 20 NVIDIA TITAN V GPU technologies.
' « Other ALMA Correlators were using ASIC
( PU ’n TOTI) and/or FPGA. o

« Started science operation in October
2022 (Cycle 10).

 One cycle = 1 year starting from Oct
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Wideband Sensitivity Upgrade (WSU)

Available instanfaneous bandwidth: factor of 2 fo 4 increase (8 GHz to 16 - 32 GHz)
Correlated bandwidth: factor of 4 to 68 increase at high spectral resolution (e.g. 0.1 km/s).
Observing speed: 2.2 — 4.7 times faster for spectral lines, 4.8 times faster for continuum (Band 6v2)
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Reference:

John Carpenter et al.,

The ALMA2030 Wideband Sensitivity Upgrade
ALMA Memo 621 (https://library.nrao.edu/public/memos/alma/main/memoé21.pdf)




TPGS Key Requirements

Total Power GPU Specfrometer (TPGS) will meet the ALMA Scientific
Specifications and Requirements Updafed for the ALMA2030 Wideband
Sensitivity Upgrade (WSU). Major requirements are shown below.

Process data from up to four antennas.

Allow observers to combine images from ATAC and TPGS.
(ATAC: Advanced Technology ALMA Correlator)

Shortest integration time of 96 ms at the frequency resolution of 13.5 kHz for a science
bandwidth of 32 GHz per polarization (x4 IF).

Shortest integration time of 16 ms at the coarsest resolution of 5.184 MHz.

/oom mode to achieve the finest channel width of 0.844 kHz with less science
bandwidih.

15000:1 spectral dynamic range.
0.995 or better digital efficiency.

Full polarization products.

Interferometric observations for system calibrations.




TPGS Key Technical Specifications
and Technology Choices

“ Fully utilize up-to-date GPU and 400
Spectrometer GDbE fechnologies fo achieve the

Sampling rate and 4 Gsps 40Gsps  high input data rate, the high
nUTbef of inputs per X24 BB/ X22 SBI bandwidth, and the fine channel
antenna X 2 pO X 2 pO :
resolutions. .
Number of bits per ' . TPGS will use Blackwell GPUs or beyond.
3 bits 6 bits
sample 90
Total input data rate 384 Gbps 3.84 Tbps Y
Maximum correlator E”
bandwidth (CBW) per 8 GHz 32 GHz =
pol Eso
Channel width at max '%D‘m
CBW (full pol) 076 kHz 13.5 kHz E i
. . § 20 1tan

Finest channel width 61.04 kHz 0.844 kHz = P100 A100 —
(full pol) c2070 K40, 7y Titan Xp Titan RTX
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Project Team

Joint team of researchers & engineers
from Korea Astronomy and Space
Science Institfute (KASI) and National
Astronomical Observatory of Japan
(NAOJ).

 The same team as ACA Specfrometer
development.

Project management, engineering,

software development and

ﬁdminisfroﬁon will be all conducted in-
ouse.

The team passed Conceptual Design
Review (CoDR) and Subsystem
2R&q4uiremenfs Review (SRR) in Nov
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The TPGS project was approved by
ALMA Board last week! We are in
Preliminary Design Phase now.




FFX Architecture and
Design of Digital Signal Processing

40 Gsps x 6 bit

per antenna, per sideband, per polarization ¢ DIQITOI S’Qnal prOCGSSInQ deSIgn
over four 400 GbE network similar to ATAC (FPGA-based).
Our design has been and will
Coarse Channelizafion by be Qphmlzed for GPU
Over—SompI:ng(lfDicrasl’:/FF))hose Filter Bank Implem en 1.0 ﬁOﬂ .
‘ 106.666 Msps x 401 coarse channels ‘ e TPGS will use 32-bit floaflng
Channel Selector Oinf CCIICUICIﬁOﬂ
‘ 106.666 Msps x 321 coarse channels ‘ p )
Resampler Resampler « Use of Polyphase Filter Bank fo
‘ 110.592 Msps x 321 coarse channels ‘ meef The ChClﬂﬂe/ response
Half-Band Filter Half-Band Filter reqQu ire men 1-
55.296 Msps x 321 coarse channels q . ’ . .
(usable bandwidth is 50 MHz for each ch.) e FFT with a conventional window
Fine Channelization by Fine Channelization by function cannot fulfill the
Polyphase Filter Bank . Polyphase Filter Bank requ irement.
(second F) (second F)
13.5 kHz x 4 k fine ch. x 321 coarse ch.
Multiplication (X) Multiplication (X) Note: Design is subject to change.




TPGS Software Architecture

TPGS-CU (Control Unit)
TPGS-PU (Processing Unit)
TPGS-MU (Monitoring Unit)

TPGS-GUI -
auto-correlation spectra
cross-correlation spectra

TPGS configuration

commands for

subarray creation,
observation configuration,
subscan execution and
delay polynomials update

TPGS Subsystem

CONTROL

commands for subarray creation, observation configuration,
subscan execution and delay polynomials update
[ACS/CORBA]

spectral window data
[BDF over BulkDataNT]

>

TPGS-CU

ARCHIVE
TelCal
BDC

LEET manitor data

BDF per SPW and alarm

Digitized signals Digitized signals
from antennas from antennas

Note: Design is subject to change.

>

Alarm System
and Monitoring

TPGS-PU includes GPU code.




Major Engineering Challenges

* Receive high volume of input data (240 Gbps x 2
sideband x 2 polarization x 4 antennas) over 400 GbE.
* Profotyping of dafa receiver is on-going using DPDK.

« Real-tfime dafta processing using GPU.
* Prototyping of GPU code is on-going.

* A lot of coordination with other subsystems, systems
engineers, science operatfion and many other groups
under a tight schedule. Not only TPGS, but many other
ALMA subsystems will be upgraded in parallel for WSU.




Thank you for your attention.
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