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WAVE Architecture v0.0

WAVE

WAVE-Gateway Hardware
U55C FPGA Accelerator

Gateway Compute Platform

Parameter/Platform Comtel & 19 U55C
Rack Units 4
Estimated Power (Watts) 4400
DVB-SX Waves 114

CapEx 125,000.00$           
 Hardware CapEx/Wave 1,052.63$                

RU/Wave 0.04
Watts/Wave 38.60

Montly OpEx RU/Wave 1.67$                        
Monthly OpEx Power/Wave 4.55$                        

Monthly RU & Power OpEx/Wave 6.22$                        
Extrapolated Monthly Opex/Wave 11.55$                      

Estimated Costs

Benefits for All
Freedom

No Vendor Lock
Software Migration Path

Flexibility and Agility

Performance/Cost

Spectral Efficiency
Maximized Performance

Minimized TCO

Standards Based Ecosystem

Virtualization Standard
Portable Solutions

High-Performance Compute

Path Forward

Future Product Opportunities
Product Transition Plan

Revitalized Market

Wider Market Opportunities
Easier Market Penetration
New Market Opportunities

Increased Innovation

Application Innovation
Faster Development

WAVE Objectives

Embedded Platforms
ARM/SoC Architectures

CMOSS/Custom

COTS Server
X86 Architectures
PCIe Accelerator

CPU

WAVE-Gateway

WAVE-Terminal

WAVE-Form Containerized
Portable

Licensable

Waveform 
Virtualization

WAVE Specs/Docs

Waveform Architecture for Virtualized Ecosystems
Standardize, Virtualize, Revolutionize

Juan D. Deaton, Ph.D.
Juan.deaton@alignup.space


Alveo 250

		Creonic Implemented

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		Creonic TX Path Design		12127		91		292



		Creonic DVB-S2X Decoder 100 MSps		38936		166		7

		Creonic DVB-S2X Demodulator 100 MSps		34240		79		393

		Creonic 100 MSps  RX Path Design		73176		245		400

		Standard DVB-S2X Design Total		85303		336		692



		Creonic DVB-S2X Decoder 500 MSps		156,458		439		34

		Creonic DVB-S2X Demodulator 500 MSps		65,360		116		865

		Creonic RX Path Design		221818		555		899



		Creonic DVB-S2X Mod+ Encoder  500 MSps		15225		108		444

		Creonic Total Design





		Part Sizing Factors

		Alveo 250 Card Total		1,728,000		12,240		11,508		* Alevo 250 has 2000 26k block ram and 1280 288 Kb Ultra RAM

		# Creonic Full paths		20.2572008018		36.4285714286		16.6300578035

		Total Part Fill with  one RX path		4.9%		2.7%		6.0%

		Designs must fit within SLR

		SLRO		338000		3948.8888888889		2877

		SLR1		332000		3948.8888888889		2877						17.5

		SLR2		332000		3948.8888888889		2877						11.4285714286

		SLR3		339000		3948.8888888889		2877

		Assume %50 Overhead

		SLRO		169000		1974.4444444444		1438.5

		SLR1		166000		1974.4444444444		1438.5

		SLR2		166000		1974.4444444444		1438.5

		SLR3		169500		1974.4444444444		1438.5

		SLRO # of standard full paths		2		6		2

		SLR1 # of standard full paths		2		6		2

		SLR2 # of standard full paths		2		6		2

		SLR3 # of standard full paths		2		6		2

		Total Standard DVB-S2x		8		24		8
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Alveo 200 Standard DVB-S2X

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		Alveo 200 Card Total Resources		1,728,000		12,240		11,508		* Alevo 250 has 2000 26k block ram and 1280 288 Kb Ultra RAM



		Designs must fit within SLR

		SLRO		365000		3948.9		2275

		SLR1		162000		3948.9		1317

		SLR2		365000		3948.9		2275



		Assume 50% Overhead for BSP

		SLRO		182500		1974.4		1137.5

		SLR1		81000		1974.4		658.5

		SLR2		182500		1974.4		1137.5



		Number of DVB-S2X full paths

		SLRO# DVB-S2X full paths		2.1		5.9		1.6

		SLR1 # DVB-S2X full paths		0.9		5.9		0.95

		SLR2 # DVB-S2X full paths		2.1		5.9		1.6

		Total Standard DVB-S2x fit		5.1		17.7		4.15
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U250 DVB-S2X

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		Alveo 250 Card Total Resources		1,728,000		12,240		11,508		* Alevo 250 has 2000 26k block ram and 1280 288 Kb Ultra RAM



		Designs must fit within SLR

		SLRO		338000		3948.9		2877

		SLR1		332000		3948.9		2877

		SLR2		332000		3948.9		2877

		SLR3		339000		3948.9		2877				1341000



		Assume 50% Overhead for BSP

		SLRO		169000		1974.4		1438.5

		SLR1		166000		1974.4		1438.5

		SLR2		166000		1974.4		1438.5

		SLR3		169500		1974.4		1438.5



		Number of DVB-S2X full paths

		SLRO# DVB-S2X full paths		2		5.9		2.1

		SLR1 # DVB-S2X full paths		1.9		5.9		2.1

		SLR2 # DVB-S2X full paths		1.9		5.9		2.1

		SLR3 # DVB-S2X  full paths		2		5.9		2.1

		Total Standard DVB-S2x fit		7.8		23.6		8.4



&"Calibri"&12&K000000PROPRIETARY&1#	




U55C DVB-S2X

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP												Alveo 250 Card Total Resources		1,728,000		12,240		11,508

		DVB-S2X Encoder		4428		43		0												Alveo U55C Card Total Resources		1,304,000		9,469		9,024

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292												% Difference		75%		77%		78%



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		Alveo U55C Card Total Resources		1,304,000		9,469		9,024

		50% Conservative Budget		652000		4734.7222222222		4512

		Total Standard DVB-S2x fit		7.6433419692		14.0914351852		6.5202312139
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U50 DVB-S2X

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		Alveo U55C Card Total Resources		872,000		9,649		5,952

		50% Conservative Budget		436000		4824.7222222222		2976

		Total Standard DVB-S2x fit		5.111191869		14.359292328		4.3005780347
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XD3

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		XD3 ZU5EG MPSoC Card Total Resources		117000		642		5,952



		Total Standard DVB-S2x fit		1.3715813043		0		0

		Percentage resoucces		0.7290854701

		 DVB-S2X Resource Estimates

				LUTS		BRAM (36k)		DSP

		DVB-S2X Encoder		4428		43		0

		DVB-S2X Modulator		7699		48		292

		 TX Path Design		12127		91		292



		DVB-S2X Decoder 100 MSps		38936		166		7

		DVB-S2X Demodulator 100 MSps		34240		79		393

		 100 MSps  RX Path Design		73176		245		400

		 DVB-S2X Design Total		85303		336		692

		Part Sizing Factors

		XD3 ZU15EG MPSoC Card Total Resources		117000		642		5,952



		Total Standard DVB-S2x fit		1.3715813043		0		0
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Alveo DVB-S2X waves

		Part		#Waves		Price 		Price/Wave

		U250		7		$10,000		$1,429

		U55C		6		$5,000		$833

		U50		4		$3,000		$750





PowerEdge R740 +3 Alveo 200s

		Item		Price Estimate		Qty		Cost		Comments										Average Electricty Rate		0.1614		 $/kilowatt hour

		PowerEdge R740		$   10,000.00		1		$   10,000.00

		Alveo U200		$   10,000.00		3		$   30,000.00		Three Alveo U200 per R740

		DVB-S2X @ 100 MSps License		$   2,000.00		15		$   30,000.00		Five waveforms per card, with three cards

						Estimated Total Cost		$   70,000.00

		Number of Waveforms		15

		Units of Rack Space		2

		Rack Units/ Waveform		0.1333333333

		CapEx/Wave		$   4,666.67

		Power Source		1600		Watts

		Watts/Waveform		106.6666666667

		Yearly System Operation Cost		$   2,262.18

		Yearly Wavefrom Operational Cost		$   150.81





PowerEdge R740 +4 Alveo U55C 

		Item		Price Estimate		Qty		Cost		Comments										Average Electricty Rate		0.1614		 $/kilowatt hour

		PowerEdge R740		$   10,000.00		1		$   10,000.00

		Alveo U250		$   5,000.00		4		$   20,000.00		Four Alveo U250 per R740

		DVB-S2X @ 100 MSps License		$   2,000.00		28		$   56,000.00		Seven waveforms per card, with four cards

						Estimated Total Cost		$   86,000.00

		Number of Waveforms		28

		Units of Rack Space		2

		Rack Units/ Waveform		0.0714285714

		CapEx/Wave		$   3,071.43

		Power Source		1600		Watts

		Watts/Waveform		57.1428571429

		Yearly System Operation Cost		$   2,262.18

		Yearly Wavefrom Operational Cost		$   80.79





Comtel & 20 U55C

		Item		Price Estimate		Qty		Cost		Comments										Average Electricty Rate		0.1614		 $/kilowatt hour

		G292-Z43		$   25,000.00		1		$   25,000.00

		Alveo U55c		$   5,000.00		19		$   95,000.00		16 Cards fit in an G292 

		DVB-S2X @ 100 MSps License		$   2,000.00		114		$   - 0		Six waveforms per card, with 8 cards

						Estimated Total Cost		$   120,000.00

		Number of Waveforms		114

		Units of Rack Space		4

		Rack Units/ Waveform		0.0350877193

		CapEx/Wave		$   1,052.63

		Power Source		4400		Watts

		Watts/Waveform		38.5964912281

		Yearly System Operation Cost		$   6,221.00

		Yearly Wavefrom Power OpEx 		$   54.57





PowerEdge R750 + OpenSpace

				Price Estimate		Qty		Cost		Comments										Average US Electricty Rate		0.1614		 $/kilowatt hour

		PowerEdge R750		$   10,000.00		1		$   10,000.00

				$   10,000.00		0		$   - 0

						Total Hardware Cost		$   10,000.00

		Licenses

		DVB-S2X @ 100 MSps		$   2,000.00		3		$   6,000.00		Eight waveforms per card, with three cards

						Total License Cost		$   6,000.00

						Estimated Total Cost		$   16,000.00

		Number of Waveforms		1

		Units of Rack Space		2

		Rack Units/ Waveform		2

		CapEx/Wave		$   16,000.00

		Power Source		1400		Watts

		Watts/Waveform		1400

		Yearly System Operation Cost		$   1,979.41

		Yearly Wavefrom Operational Cost		$   1,979.41





Comparison





		 Parameter/Platform		R740 + U200  		R740+U55C		Comtel & 19 U55C		R750 OpenSpace		% Difference				Annual Cost/RU								Parameter		Units		Comtel & 20 U55C		R750 OpenSpace		% Difference

		 Hardware CapEx/Wave		$   4,666.67		$   3,071.43		$1,053		$16,000		1520%				$   571.43		$2000 Monthly cost for 42 RU Rack						Monthly Electricity Space Cost 		$/wave-month		$6.22		$260.19		4184%

						$   1,600.00										Average Electricty Rate		0.1614		 $/kilowatt hour

		RU/Wave 		0.13		0.071		0.04		2.00		5700%				Minimum Modcod Data Rate		1		bits/Hz				Minimum Data Throughput (Mbit/s)		Megabit/s		100		100

		Watts/Wave		106.67		57.14		38.60		1400.00		3627%				Minimum QPSK SNR		0		dB				Maximum Data Throughput (Mbit/s)		Megabit/s		300		300

						$   57.14										Maximum Modcod Data Rate		3		bits/Hz

		Montly OpEx RU/Wave				$   2,262.18		$1.67		$95.24		5700%				Maximum SNR		11		dB				Min Data Electricity Space cost		Megabit/s/wave-month		$0.06		$2.60		4184%

		Monthly OpEx Power/Wave				$   80.79		$4.55		$164.95		3627%				Symbol Rate		100		Mega Samples /second				Max Data Electricity Space cost		Megabit/s/wave-month		$0.02		$0.87		4184%

						$   80.79										Average Seconds/Month		2,628,288		seconds

		Monthly RU & Power OpEx/Wave		$   150.81		$   80.79		$6.22		$260.19		4184%												Min Data Total Costs		Megabits/s/wave-month		$0.12		$4.83		4184%

		Extrapolated Monthly Opex/Wave				$   - 0		$11.55		$483.21		4184%												Max Data Total Costs		Megabits/s/wave-month		$0.04		$1.61		4184%

																Power/Space Cost Megabit

		Multipliers

		 Parameter/Platform		R740 + U200  		R740+U55C		Comtel & 20 U55C

		Waveform CapEx		$   0.29		$   0.19		$   0.07																Total Satellite Capacity		4.00E+09		In Gibabits/second

		RU/Waveform		15.00		28.00		57.00																Number of 100 MSps Carriers

		Watts/Waveform		13.13		$   24.50		36.27

		Annual Waveform Opex		1.73		3.22		41.84

		Platform Comparisons

		Parameter/Platform		Column1		Column2		Comtel & 19 U55C		R640 GPP-based

		Rack Units						4		1

		Estimated Power (Watts)						4400		1100

		DVB-SX Waves						114		3



		CapEx						$   125,000.00		$10,000

		 Hardware CapEx/Wave		4666.67		3071.43		$   1,052.63

						1600.00

		RU/Wave 		0.13		0.07		0.04

		Watts/Wave		106.67		57.14		38.60

						57.14

		Montly OpEx RU/Wave				2262.18		$   1.67

		Monthly OpEx Power/Wave				80.79		$   4.55

						80.79

		Monthly RU & Power OpEx/Wave		150.81		80.79		$   6.22

		Extrapolated Monthly Opex/Wave				0.00		$   11.55





Sheet2

		User Data Rate Calc		Value		Units

		Symbol Rate		100		Mega Symbols/Sec

		Max Spectral Efficiency		6.51		bits/Symbol

		Number of waves on u55c		6		# of waves

		Max Data rate		3906		Mega bits/sec

		Digital IF Data Rate		Value		Units

		Output Sample Rate per Stream		500		Mega Sample /Sec

		Bit Depth		12		bits

		Complex I/Q		2

		Oversampling		1.25		 Overhead and oversample

		Number of waves on u55C		6

		Total DIFI stream output		90000		Mega bits/sec
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Comtel & 20 U55C (2)

		Item		Price Estimate		Qty		Cost		Comments										Average Electricty Rate		0.1614		 $/kilowatt hour

		G292-Z43		$   25,000.00		1		$   25,000.00

		Alveo U55c		$   5,000.00		20		$   100,000.00

		DVB-S2X @ 100 MSps License		$   2,000.00		120		$   - 0		Six waveforms per card, with 8 cards

						Estimated Total Cost		$   125,000.00

		Number of Waveforms		120

		Units of Rack Space		4

		Rack Units/ Waveform		0.0333333333

		CapEx/Wave		$   1,041.67

		Power Source		4400		Watts

		Watts/Waveform		36.6666666667

		Yearly System Operation Cost		$   6,221.00

		Yearly Wavefrom Power OpEx 		$   51.84
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