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S LalA estd impulsando el crecimiento de los centros de

ool datos

primero en el ndcleo y luego en el perimetro.
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Google Cloud, Meta, Microsoft entre
otros...

Colos construyendo centros de datos o
espacios preparados para IA.

Nuevos operadores de Aprendizaje
Automatico como Servicio para entrenar
modelos de lenguaje grandes (LLMs).

Empresas que ajustan modelos y
ejecutan operaciones de inferencia en
centros de datos.

Nuevas empresas de IA crean y entrenan
sus propios modelos de IA.
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La IA requiere nuevos componentes y arquitectura de servidor
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El cuello de botella de Von Neumann,
el muro de memoria y el rendimiento limitado de
la CPU no funcionaran para el entrenamiento de
lalA
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El tamano del cluster de entrenamiento de IA magnifica los desafios de la

infraestructura fisica.

Consumo de energia estimado en R )
. . La mayoria de los centros de
soportar entre 10 y 20 kW por
45,000 rack.
S 40,000
2 o000 ° Los modelos grandes pueden
: 000 requerir miles de GPUs.
= 15,000
= 1000 ¢ Los clUsteres de IA con
"o decenas o cientos de racks de
0 5,000 10,000 15,000 20,000 25,000 2 2
GPU quantity mas d‘e 20 kW qfectcn:qn la
V100 =A100 -H100 energiq, la refrlgeracmn, los
racks y las herramientas de
software.
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Calcs


						"ChatGPT got to 1 million users in only 5 days after launch, 57 million users in December 2022 after launching November 30th, 2022 and 100 million users by January 2023, all data points supporting its record adoption rate."


									Days			Users


						Launch November 30th, 2022			0			0


						December 5, 2022			5			1000000


						December 31, 2022			31			57000000


						January 31, 2023			62			100000000


						Feb 31, 2023


									MMF Model: y=(a*b+c*x^d)/(b+x^d)


									Coefficient Data:


									a =			-6.92E-16


									b =			7.35E+03


									c =			1.18E+08


									d =			2.57E+00


									Days			Users


						Launch November 30th, 2022			0			0


						December 5, 2022			5			1,000,000


						December 31, 2022			31			57,000,000			56,000,000


						January 31, 2023			62			100,000,000			43,000,000


						28-Feb-23			90			110,372,366			10,372,366


						31-Mar-23			121			114,300,660			3,928,294


						30-Apr-23			151			115,869,947			1,569,287


						31-May-23			182			116,665,523			795,576


						30-Jun-23			212			117,088,734			423,211


						31-Jul-23			243			117,350,916			262,182


						31-Aug-23			274			117,517,150			166,234


						30-Sep-23			304			117,625,134			107,984


						31-Oct-23			335			117,703,153			78,019


						30-Nov-23			365			117,757,647			54,495


						31-Dec-23			396			117,799,439			41,792


																					936 MWh


									2023			2028


						Forbes article AI Power (MW)			20			4250			212X over 2023


						Energy (MWh)			175,613			37,230,000


						Energy (TWh)			0.176			37


						Our DC forecast (TWh)			431			565


						% of our forecast that is AI			0.04%			6.59%


						I did find this mention of 0.1%:


						“Applied Materials estimates that servers running AI currently account for just 0.1% of global electricity consumption.”


						https://www.technologyreview.com/2019/07/29/663/ai-computing-cloud-computing-microchips/


						If this is true, then in 2019 AI workloads accounted for 0.1% x 22,848 TWh = 												22.848			TWh


						The 2019 global electricity consumption is 22,848 TWh - value is from:


						https://www.iea.org/reports/electricity-information-overview/electricity-consumption


						https://www.bloomberg.com/news/articles/2023-03-09/how-much-energy-do-ai-and-chatgpt-use-no-one-knows-for-sure#xj4y7vzkg


			https://arxiv.org/abs/2204.05149			July 2022 (date from https://www.computer.org/csdl/magazine/co/2022/07/09810097/1EzDXlcoxk4)
"Many hyperscalers regularly publish their energy consumption metrics. According to their sustainability reports, the annual energy consumption in 2020 was 15.4 TWh for Google and 10.8 TWh for Microsoft. These reports put the training energy of large models into perspective. Training GPT-3 was ~0.012% of Microsoft’s energy consumption in 2020 and GlaM was ~0.004% of Google’s. For further comparison, the portion of the 22,000 people from 68 countries who in 2019 flew to attend the two major ML conferences (NeurIPS and CVPR) collectively had a CO2e impact arguably had ~10x–100x higher than the impact of training of all the ML models in this paper [5]."
“We retroactively performed these calculations based on data for one week of April in 2019, 2020, and 2021. Each time the ML portion was 10% to 15% of Google's total energy consumption for that week despite ML representing 70%-80% of the FLOPS at Google. While ML usage certainly increased during these three years, algorithmic and hardware improvements kept that growth to a rate comparable with overall energy growth at Google. Across all three years, about ⅗ of ML energy use is for inference and ⅖ for training. These measurements include all ML energy usage: research, development, testing, and production.” “Worldwide datacenter energy consumption is not growing quickly either. [4] observes that global datacenter energy consumption increased by only 6% from 2010 to 2018, despite datacenter computing capacity increasing by 550% over the same time period, and contrary to 2010 predictions of a 70% increase by 2018. One key factor was the shift from conventional datacenters to cloud datacenters. Not only are cloud datacenters often more efficient, cloud servers typically have significantly higher utilization than on-premise servers. That allows the same workloads to be served with less hardware and thus less energy, just as books purchased for libraries are more frequently read than books purchased for home use. As of 2021 only 15%-20% of all workloads have moved to the Cloud [13], so there is still plenty of headroom for Cloud growth to replace inefficient on-premise datacenters.”






																								Installed capacity from largest hyperscalers


									2019			2020			2021			Total CAGR			# data centers			2022 operational data center capacity - likely doesn't include colocation capacity																											CAGR


						Google Energy consumption MWh			12,749,458			15,439,538			18,571,659						30			29,139,264


VICTOR AVELAR: VICTOR AVELAR:
x the PUE which is either estimated or came from reports.			63.7%			3024																					20.7%			21%			20%


						CAGR						21.1%			20.3%			20.7%																											7680


																																													0.5854550999


						AWS Energy consumption MWh


VICTOR AVELAR: VICTOR AVELAR:
These values appear to be much larger installed data center capacity seems to suggest. But kept it so I could overestimate the amount of AI energy.			18,652,850


VICTOR AVELAR: VICTOR AVELAR:
Estimate
			24,000,000			30,880,000


VICTOR AVELAR: VICTOR AVELAR:
30.88 million megawatt-hours of electricity						125			26,069,760			118.5%			2480						0.6			Inference


						CAGR						28.7%			28.7%			28.7%																		0.4			Training





						Microsoft Energy consumption MWh			9,007,891


VICTOR AVELAR: VICTOR AVELAR:
Estimate
			11,283,502			14,133,987									21,349,171			66.2%			2176


						CAGR						25.3%			25.3%			25.3%


						Apple Energy consumption MWh			1,565,155


VICTOR AVELAR: VICTOR AVELAR:
1,565 million kWh
The Scope 1 electricity is converted from the Scope 1 tonnes CO2e using the conversion factor 0.515 tonnes CO2e/MWh electricity			1,700,138			1,927,212									6,096,960			31.6%			600


						CAGR						8.6%			13.4%			11.0%


																																																			20.76


						Meta Energy consumption MWh			4,918,000			6,966,000			9,117,000									17,091,636			53.3%			1790																					16.4


						CAGR						41.6%			30.9%			36.2%																																	0.7899807322


						Alibaba Energy consumption MWh																		1,350			5913000			1,350


						CAGR																																				https://www.srgresearch.com/articles/hyperscale-data-center-count-grows-to-659-bytedance-joins-the-leading-group


																																										https://www.datacenterdynamics.com/en/news/microsoft-amazon-and-google-operate-half-the-worlds-600-hyperscale-data-centers/


						Huawei Energy consumption MWh																		494						494


						CAGR																																	580			800


						Baidu Energy consumption MWh																		608						608												https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/investing-in-the-rising-data-center-economy


						CAGR																																				2021 values


																																				385						7.5			Colo GW


						Tencent Energy consumption MWh																		487						487						0.1997924235						1.5			Colo IG GW


						CAGR																																				4			IG total GW


						OVH Energy consumption MWh																		52						52												34.68			TWh


						CAGR


																																										131.4


						Kingsoft Cloud Energy consumption MWh																		36						36


						CAGR																																				0.2639269406


						Oracle Energy consumption MWh																		21						21


						CAGR


																														13118


						ByteDance Energy consumption MWh																								0.7676475072


						CAGR


																														0.7078651685


																														69.3%			2021 IG data center energy that is from their own data center


																														27.0%			2021 global data center energy that is IG


																														73			TWh - 2021 top 4 IGs data center energy


																														74.0%			2021 IG data center energy that is from the top 4 IGs


																																													Sum of Energy Consumption (kWh)			Year


																											120			230															Segment			2018			2019			2020			2021			2022			2023			2024			2025			2026			2027


																								60			21.6			41.4															Colocation - Internet Giants			18,483,473,185			20,994,902,178			23,875,223,812			27,184,248,958			30,992,714,787			36,259,267,473			39,284,913,395			44,816,614,650			51,573,865,177			55,793,295,555


																								63			22.68			43.47															Colocation/Hosting - Enterprise			43,207,803,382			54,265,018,665			68,315,164,640			86,200,479,273			109,006,925,711			136,373,683,253			165,475,636,543			200,687,302,440			248,078,110,591			284,384,151,016


																																													Commercial Edge			16,262,218,754			16,636,097,735			17,184,671,396			17,931,334,957			18,905,162,567			18,827,617,049			18,506,117,093			20,639,437,239			22,264,164,539			26,366,187,472


																														10452															Comms SPs			13,835,601,887			15,822,344,733			18,110,825,248			20,749,464,206			23,794,852,457			26,787,304,706			30,883,252,555			36,063,254,065			40,506,607,443			43,697,263,275


																																													Enterprise Branch			1,936,648,273			1,945,749,994			1,971,232,610			2,012,442,229			2,068,945,098			2,116,240,829			1,857,947,293			1,998,434,846			2,237,451,325			2,501,132,902


																																													Internal			60,326,813,102			59,445,201,223			58,655,063,367			57,952,515,848			57,333,938,831			56,880,865,484			53,126,579,925			52,664,426,249			54,173,347,227			55,045,862,908


																																													Internet Giants			25,611,948,258			34,219,265,135			45,817,461,739			61,477,820,662			82,666,219,361			106,726,884,204			138,096,415,390			181,243,779,963			229,660,686,819			260,628,084,589


																																													SMB			18,480,902,196			15,887,761,341			13,691,165,261			11,828,589,417			10,247,524,220			10,250,817,638			10,314,848,454			7,457,608,169			6,540,808,600			4,680,347,984


															McKinsey total DCs in 2021																														Telco Edge			34,269,907,282			37,074,260,184			40,144,138,944			43,506,375,151			47,190,670,349			50,506,542,661			53,992,170,598			58,046,683,113			62,612,305,247			69,144,389,438


															131.4			TWh																											Grand Total			232,415,316,319			256,290,601,188			287,764,947,017			328,843,270,701			382,206,953,381			444,729,223,297			511,537,881,246			603,617,540,734			717,647,346,968			802,240,715,139


																																																44,095,421,443			55,214,167,313			69,692,685,551			88,662,069,620			113,658,934,148			142,986,151,677			177,381,328,785			226,060,394,613			281,234,551,996			316,421,380,144


																																													% that is IG			0.19			0.22			0.24			0.27			0.30			0.32			0.35			0.37			0.392			0.394


						I was trying to find hyperscale data center MWh so that I can calculate the MWh of load that is AI since Google said that 10-15% of their energy consoumption is from AI workloads 


			Assumes top 5 represent 70% of all IG MWs															starts with TT28 from this point forward


									2019			2020			2021			2022			2023			2024			2025			2026			2027			2028			2029			2030			2031			2032			2033			2034			2035			2036			2037			2038			2039			2040


						Top 5 Igs - TWh			46.9			59.4			74.6


						All IGs - TWh			61.7			78.1			98.2


						IG AI workloads - TWh


VICTOR AVELAR: VICTOR AVELAR:
From https://arxiv.org/abs/2204.05149

Google's AI workloads reprents upto 15% of the total energy consumption.			


VICTOR AVELAR: VICTOR AVELAR:
These values appear to be much larger installed data center capacity seems to suggest. But kept it so I could overestimate the amount of AI energy.			


VICTOR AVELAR: VICTOR AVELAR:
Estimate
															


VICTOR AVELAR: VICTOR AVELAR:
x the PUE which is either estimated or came from reports.			


VICTOR AVELAR: VICTOR AVELAR:
30.88 million megawatt-hours of electricity			9.3			11.7			14.7


						IDC's % that is IG			0.22			0.24			27.0%			0.30			0.32			0.35			0.37			0.39			0.39


						All DCs - using IDC's % split			286			323			364			- 0			- 0			- 0			- 0			- 0			- 0


						Global electricity demand - TWh			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


						% of global electricity			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


						Our forecast tool defaults - DC									386			408			431			455			480			507			535			565			596			629			664			701			740			782			825			871			920			971			1,025			1,082


												% of 





						Delta TWh									22


						% difference									5.6%


						% IG AI energy 									4.0%








						Our forecast tool defaults - Edge									308			337			368			403			440			481			526			575			629			688			752			822			899			983			1,075			1,175			1,285			1,404			1,535			1,679


						Our forecast tool defaults - Total									694			745			799			857			920			988			1,061			1,140			1,225			1,317			1,416			1,524			1,639			1,765			1,900			2,046			2,204			2,375			2,561			2,761


						% of global electricity - total			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


						% of global electricity - DC only			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!			ERROR:#REF!


			ML Training CO2 Will Plateau Then Shrink - 2204.05149.pdf


						3/5 of ML energy for inference			9.0%			of total energy


						2/5 of ML energy for training			6.0%			of total energy


																		Physics limitations


															Power			63 amps is the upper limit to power


																					36.288			x 4 rPDUs			145.152


																					The heat capture ratio can be as poor as 50%


																					140kW – air cool max 40kW – 70% is liquid 30% is air


																		140			kW


																		70%			liquid			98			kW liquid


																		30%			air			42			kW air


															Cooling			Heat removal


						3325			2427.25


									19418


									12000						Rack			Weight


									7418


												4800


									0.6181666667															Chip			TDP (W)			Slowdown Temp (C)


																								Tesla T4			70			93


																								RTX 3080			350			95


																								GeForce 940MX			23			94


																								Tesla V100-PCIE-32GB			300			87


																								A100-SXM-80GB			400			89


																								H100 SXM			700			87


																								H100 NVL			2x400


																								INPUTS


																								V100 Multiplier			2.4			GPU-hrs			MWh			kWh/GPU			hrs/GPU


																								A100 Multiplier			2			809,472			356			0.4397928526			1.0994821316						356000			0.4397928526


																								H100 Multiplier			2			1,082,880			475			0.4386450946			1.0966127364


																								PUE			1.3			82,432			36			0.4367236025			1.0918090062


																								Data center kW consumption			GPUs																					PUE			multiplier


																								GPU gen			10			100			1000			10000			22000						506			1			2.012987013


																								V100			9			94			936			9360			20592						306


																								A100			10			104			1040			10400			22880						407


																								H100			18			182			1820			18200			40040						713





																														2.9393939394


																														1940						4.5-5MW for a 2000 GPU IT stack 


																																				536 GPUs/19 racks / 747kW = H100 Mult=2  PUE=1


																														44.2857142857						Selene - 4,480  A100-80GB GPUs / 560 nodes / 140 racks (4 nodes per rack) / At 2,646 kW, PUE=1 and mult = 1.48


VICTOR AVELAR: VICTOR AVELAR:
Power is from: https://www.top500.org/system/179842/

Data is from: https://www.nvidia.com/en-us/on-demand/session/gtcspring21-s31700/



									


VICTOR AVELAR: VICTOR AVELAR:
Estimate
																											DGX SuperPOD - 1,536   V100-16GB GPUs / 96 nodes (16 GPUs per server) / 32 racks (3 & 4 nodes per rack) / At 1,126 kW, PUE=1 and mult = 2.44


VICTOR AVELAR: VICTOR AVELAR:
https://developer.nvidia.com/blog/dgx-superpod-world-record-supercomputing-enterprise/

Installation and Management section details the breakdown of the qnty and types of racks.

16 GPUs / server


																																				NVIDIA DGX SUPERPOD -  1,120 A100 GPUs / 140 nodes / 37 racks / At 993 kW, PUE=1 and mult = 2.22


VICTOR AVELAR: VICTOR AVELAR:
https://docs.nvidia.com/nvidia-dgx-superpod-data-center-design-dgx-a100.pdf

A full DGX SuperPOD has seven SUs (140 total DGX A100 systems)

"Each SU requires 139 kW. The maximum power draw for a single rack is 26 kW. The total power required for the full DGX SuperPOD including storage (assumed at 20 kW) is approximately 1 MW"

I summed it to 7x139 + 20 = 993 kW


																																				Inflection supercomputer - 22,000 H100 GPUs / 2,750 nodes / 700 racks / At 31MW, PUE=1 and mult = 2.01


VICTOR AVELAR: VICTOR AVELAR:
https://www.analyticsvidhya.com/blog/2023/07/inflection-ai-unleashes-supercomputer/ 





									


VICTOR AVELAR: VICTOR AVELAR:
1,565 million kWh
The Scope 1 electricity is converted from the Scope 1 tonnes CO2e using the conversion factor 0.515 tonnes CO2e/MWh electricity															20			160			8			20			164


																								40			320			16			20			324									973


																								60			480			24			20			484									20


																								80			640			32			20			644									993			0.0201409869


																								120			960			48			20			964


						Selene																		140			1120			56			20			1124			506			GPUs


																																							8			GPUs/node


																																				18.9			63.3			Nodes


																																							2.0			Nodes/rack


																																							31.625			Racks


																																				560


																																				5.2705882353						2645


																																				140						18.8928571429


																																				6.5			kW/Node


																																				3640			kW per DC


																																													506			GPUs


						DGX SuperPOD																																							253


						https://developer.nvidia.com/blog/dgx-superpod-world-record-supercomputing-enterprise/																														XD670


																																				kW			U height			GPUs


																																				10			5			8


																		V100 Pie chart of power


																					kW			%												HP Way									Spread the load


																		Compute			1056			93.8%												16			Ports - 1 rack						16			Ports - 1 switch every other rack


																		Storage			11.6			1.0%												63.25			Total 8-GPU servers


																		Network			53.6			4.8%												2			Servers/rack						1			Servers/rack


																		Utility			4.6			0.4%												10			U / rack


																		Total			1125.8															16			GPUs/rack						8			GPUs/rack


																																				32			racks						63.25			racks


																																				10			kW per server						10			kW per server


																																				20			kW per rPDU						10			kW per rPDU
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Data center consumption as a function of GPU qnty
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"This forecast incorporates an aggressive 4X improvement in hardware compute performance, but this gain is overrun by a 50X increase in processing workloads, even with a rapid rate of innovation around inference algorithms and their efficiency. Neural Networks (NNs) designed to
run at scale will be even more highly optimized and will continue to improve over time, which will increase each server's capacity. However, this improvement is countered by increasing usage, more demanding use cases, and more sophisticated models with orders of magnitude more
parameters. The cost and scale of GenAl will demand innovation in optimizing NNs and is likely to push the computational load out from data centers to client devices like PCs and smartphones."

"To forecast the operating cost of GenAl, Tirias Research applies a Forecast Total Cost of Operations (FTCO) model of complex data center workloads on various hardware configurations. The FTCO model incorporates advances in technology, changes in end user demand, and changes to
‘workloads like media streaming, cloud gaming, and machine learning (ML). In the case of GenAl, this means factoring in processing advances, which for the foreseeable future will continue to be driven by GPU accelerator technology; exponential increases in the data sets and the.

resulting number of parameters of trained NN models; improvements to model optimizations; and the insatiable demand for GenAl

"Today, OpenAl’s ChatGPT is rapidly approaching 2 billion monthly visitors"
"To forecast the demand, Tirias Research analyzed three foundational GenAl capabilities —text, imagery, and video —and segmented the emerging markets into ad-driven consumers, paid subscription users, and automated tasking.
For text GenAl, demand for tokens, analogous to words or symbols, is forecast to exceed 10 trillion by the end of 2023 with over 400 million monthly active users concentrated in developed markets.

By the end of 2028, the forecast estimates over  billion users or about 90% of smartphone market penetration and over 1 quadillion annual tokens or a 100X increase.

Forimage GenAl, the increase s forecast to be significantly higher at over 400X to over 10 trillion images, driven by the emergence of video, which will require the production of sequences of thematically and visually connected images using more sophisticated image generation tools
and sophisticated prompting loops."

“Tirias Research forecasts 2028 data center power consumption of close to 4,250 megawatts, a 212X increase over 2023"

"The FTCO model is baselined on server benchmarks utilizing 10 Nvidia GPU accelerators having a peak power of just over 3000 watts, and operating power at 50% average utilization at just over 60% of peak. “Using high density 10 GPU servers provided by data center innovator Krambu,
Tirias Research is able to benchmark multiple open-source generative Al models to derive the computational demands of future, higher-parameter models.” continued Mr. Solotko."

"The forecast includes insights into GPU and TPU accelerator roadmaps over the next five years and uses these roadmaps to compute the workload that could be accomplished by each server in each of the use cases — text, imagery, and video. Perhaps the FTCO model's b

that there is an equilibrium - as workloads become more complex, and server performance improves by about 4X, the server throughput per token or image remains relatively stable year over year."

sest insight s
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US data center demand is forecast to grow by some 10 percent a year
until 2030.

Data center power consumption, by Data center power consumption, by
providers/enterprises,’ gigawatts providers/enterprises,' % share
35 100 —
+8.7% I Enterprises
30
80
o5 +9.6%
+1.9% I 60 Co-location
20 companies
CAGR
B 30w 40
1 0
2014 2020 2030 2014 2020 2030

"Demand is measured by power consumption to reflect the number of servers a data center can house. Demand includes megawatts for storage, servers,
and networks.

McKinsey & Company
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GPU Power Total power  Carbon emitted

OPUTYPE  consumption PV congumption  (1COseq)
OPT-175B AI00-80GB  400W 809472 356 MWh 137
BLOOM-175B AI00-80GB  400W 1,082,880 475 MWh 183
LLaMA-TB  AI00-80GB  400W 82432 36 MWh 14
LLaMA-I3B  AI00-80GB  400W 135168 59 MWh 23
LLaMA-33B  AI00-80GB  400W 0432 233 MWh 90
LLaMA-65B  A100-80GB  400W 449 MWh 173

ing different models in the same data center. We follow Wu et al. (2022)

Table 15: Carbon footprint of tr
. For the power

to compute carbon emission of training OPT, BLOOM and our models in the same data cer

per KWh.
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orss | 8x NVIDIAA100 8068

GPU Memory 640 GB total
Peak performance. 5 petaFLOPS Al | 10 petaOPS INTS

NVSwitches 6 Metaro C
System Power Usage 6.5k max iy
& Dual AMD Rome 7742 ) 7 Pep—

128 cores total, 2.25 GHz(base), 3.4GHz (max boost) v
System Memory o8

8x Single-Port Mellanox ConnectX-6 200Gb/5 HOR
Infiniband (Compute Network)

Hetwarking 2x Dual-Port Mellanox Connecti 200Gb/5 HOR
Infiniband (storage Network also used for Eth)

e It Siorags S0T3 (4 3.6473) U2 WHE drves

Software Ubuntu Linux 05 (5.4+ kernel)

System Weight 271 lbs (123 kgs)
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Compute-1  A1-A3, AS-A7, 15 44 660
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4DGX-2H
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servers

Storage a8 1 ne 16
InfiniBand A4, A12 2 187 374
Compute
InfinBand 86 1 182 182
Storage

cooled (without liquid assist). The deployment uses 48U racks to accommodate four DGX
cts of dynamic (velocity) pressure for the power-dense racks.

in#ibve can bBbdified to meet local datadenter requiremeAt®. Optidr include recu
s per rack, adding additional in-rack fans, and adding rear-door (liquid) heat exchangers.
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Al training racks are deployed in “clusters”

30-100 kW  120-400 kW 240-800 kW

1-rack 4-rack 8-rack

Legacy 800kW data Center 800kW Al Training DC

100 — 150 Racks 8 Racks
Loads fluctuates consistent & at capacity
(higher risk)
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Al tiene desafios a lo largo de toda la infraestructura del Datacenter

Power Distribution Cooling Racks
Alternative

Alternative source source

=2
oo

fosd)

Essential
loads

Storage

S

E Non critical

loads

Alternative
source
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La arquitectura de los Centros de Datos es cada vez mdas hibrida

CORE DC

Sl
LOCAL
EDGE

REGIONAL
EDGE
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SISTEMA DE POTENCIA PARA IA




Energia — Requisito Inicial

Requisitos de Diseno de la IA Energia de la Instalacion — Adicionales al Espacio IT
4 N\ ( )
* Tension Operacion en el rack: El sistema de energia de la instalacion estd disefado para
415V soportar dispositivos periféricos integrados como:
 Dimensionamiento rPDU Respaldo de dispositivos criticos Sistemas contra incendio,
acceso, etc
* Riesgo Arc flash en UPS - Medicion inteligente de energia.
- Supervision continua
« Alta Temperatura = Alta Densidad - |ntegrqcién con EcoStruxure IT
- Optimizacion y eficiencia energética
G / L /

Lifels®n | Schneider

gElectric




Energia — Requisito Inicial

Atributos de energia de la instalacién

Nombre Valor Unidad
Potencia pico total de la instalacién (IT y refrigeracion) 10,500 kW
- Suministra electricidad a todos los componentes del [imperaje b (tarames a1, e o) U0 £
centro de datos. Voltaje de entrada (barramento principal IT) 480 Vv
K.A.l.C. del tablero (barramento principal IT) 65 kA
- Concurrente qutenible IG GlimentGCién de ICIS SCIICIS Redundancia del generador (barramento principal IT)  Redundante distribuido
de Tl se realiza a través de cuatro trenes de energia Ruta de energla IT ot
3 MW cada uno. Capacidad del UPS para espacio IT, por cadena de energia 3000 kW
Redundancia de UPS para espacio IT Redundante distribuido
- Dos trenes de energia de 1.5 MW independientes, it it e e i s 2 Ll
suministran electricidad al sistema de Enfriomiento Voltaje de salida del UPS para espacio IT 480 -
Amperaje total (barramento de refrigeracién de instalacion) 1600 A
- Dos UPS Galaxy VL de 250 kW, encargados de Volije total (barramento de refigeracion de instalacion) fol v
proporcionar energia critica a los sistemas de ) 25 i
1 1 Redundancia del generador (barramento
enfriamiento. de refrigeracion - instalacié(n) 2N
Capacidad del UPS de refrigeracién de la instalacion 250 kW
Redundancia del UPS de refrigeracion de la instalacion 2N

Tiempo de autonomfia del UPS en refrigeracion

de la instalacién a carga normal. 5 minutos
Ld s o
LifelsOn | Schneider _BICSI
LElectric CAl g‘;
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Energia — Topologia Diseno

ATS
LV SWB.D

UPS ‘ UPS L2
10 2a MECH SWB. A

LV Dist. A LV Dist.B , LV Dist.D

LVDist. B

Fan Walls
Chillers, & Fluid &
ot 1 i ‘ Coolers

COUs & Pumps E

Lifels®n | Schneider

&Electric
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Energia — Topologia Diseno

Desde la Fuente hasta el Servidor de |A o tradicional

Modular: Para una alta disponibilidad de operacion

e Escalable: Para crecer y decrecer conforme a necesidades reales
La provisién de Potencia Sostenibilidad y
. Eficiencia Redundancia: 6ptima, evitando ineficiencias y continuidad
Nuestra VVISION para lograr: Adaptabilidad
Resiliencia

Monitoreable: Gestion para control y eficiencia

Sostenible: Incorporando Soluciones energéticamente eficiente
Lifels ®n | Schneider
aElectrlc

eeeee



SISTEMA MECANICO PARA IA




Refrigeracion — Requisito Inicial

Requisitos de Diseno de la

IA

-

Tensién Operacion 480 V

Dos ramas de
enfriamiento para CDU y
FanWall

Alta Temperatura
Sistemas de intercambio

de calor por Chiller y
Drycooler

\

Refrigeracion de la Instalacion

J

Life Is ®n

Schneider

aElectric

Circuito de agua fria a 22.8 °C:
Fan Walls alimentados por Chillers Uniflair XRAF con free

Cooling, mantienen el ambiente general del centro de datos

Circuito de agua caliente 37.2 °C :
Enfria directamente los racks con GPUs con enfriamiento

directo a chip mediante CDUs alimentados por Drycoolers




Life Is ®n

Refrigeracion — Requisito Inicial

Doble circuito tolerante a fallas
Reduccion de CAPEX

Free Cooling

Continuidad operativa en energia
mediante UPS

Continuidad operativa mecanica, hasta
5 minutos de enfriamiento continuo

Gestion inteligente monitoreo y control

centralizado del sistema de refrigeracion.

Schneider

aElectric

Capacidad maxima de enfriamiento
Voltaje de entrada

Medio de disipacién de calor
Redundancia de los enfriadores

Intercambio de calor exterior

Temperatura de suministro del enfri;
Temperatura de retorno del enfriadc
Temperatura de suministro del
enfriador de fluido CW
Temperatura de retorno del
enfriador de fluido CW

Capacidad combinada del tanque d¢
Tiempode autonomia

Rango de temperatura ambiente exi
Tipo de economizador

9051 (Dallas) 9369 (San

Francisco) kW
480 W
Agua
N+1

Drycooler con asistencia
adiabatica y Chiller
enfriado por aire

freecooling
2277 °C
3277 °C
3722 °C
47 22 °C

H56788.748 litros

& minutos
desde -11.61 a 43.61 °C

Agua

Bicsi




Refrigeracion — Requisito Inicial

o
4 - Wit 7 A
o : i XRAC ) XRAC
38°C 38°C | -|_ Chiller .. Chiller
| |
(M (B
38°C 38°C [ ] [ ] ] 20°C 20°C
11 |
[ v H '|' ‘|' Return line
[ ]

FWCV
Fanwall

Direct to Chip

Lifels ®n | Schneider
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Arquitectura Modular, Escalable y Redundante

Facility Piping Diagram
- | . Supply
I 1 - +,  (Redundant)
. IT_Rng _ j Chiller/ "[;,_M VFD N | | o Raturm

[
[ Cooler ! 1[ -~ ’i ;; (Redundant)
- L .-' [ '
Chiller |:"::> Fan Wall |:‘j 5| Pump N - — l 7~|__|Expansion
: hﬂ ; tank
I : 2, i o] Dirt/air
' e ] | |ropmr
Fluid N+1 U o T Retum
::> CcDU :‘b Pump |
Cooler {H« S ~i— Supply
= _ 7"

N B [ 4
Thermal Storage
Tank
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Sistema de refrigeracion Confiable y Sostenible

Dos sistemas de refrigeracion para cubrir los requisitos de enfriamiento a
Chip y el enfriamiento por aire para el resto de los sistemas

Lifels ®n | Schneider
g Electric




Chillers de
Alta

temperature Drycoolers

. moktivair

by Schneider Electric E

Chillers

Altas temperaturas > 20°C

Freecooling

Drycoolers con sistema adiabatico
Libres de compresor
Sistema agua glicol

Alta temperatura > 32°C

eeeee

CDUs
Alta capacidad hasta de 1 M\W

Fan Walls

Alto retorno de aire, pasillo caliente confinado

Grandes flujos de aire frontal

Accesorios, conectores y una gran grama

de soluciones

Bicsi




CFD para el diseno de Centros de
Datos con Infraestructura para IA
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ECOSTRUXURE IT DESIGN CFD

EcoStruxure IT Design CFD es una herramienta de Schneider Electric para el disefio y
optimizacion de centros de datos mediante dinamica de fluidos computacional (CFD).

Funciones principales:
+  Simulacion del flujo de aire en centros de datos
*  Optimizacion del layout de equipos de Ti

*  Prediccidon del comportamiento térmico

* Mejora de la eficiencia energética

* Reduccion de costos operativos

Entrle-muchos mas beneficios

¥ & &£ ® &% & #§ ® &
s ¥ & & & & §F = @

Life Is ®n ’ Schneider
gElectrlc
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Reset to Default
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Diseno de Centros de Datos con
Infraestructura para IA
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Todos los centros de datos de IA deben gestionar la energia
implementarse de manera sostenible.

Establecer una estrategia audaz y accionable
Implementar disenos eficientes de centros de datos
Impulsar la eficiencia en las operaciones
Transicionar a energia renovables

Descarbonizar la cadena de suministro

Estrategizar Digitalizar Descarbonizar

Lifels®n | Schneider

PElectric




Electrico y digital es la receta para un ecosistema mas
sostenible y resiliente

Electrico il Digital
Permite tener energia verde ﬁ J);l Construye un futuro inteligente

\/ \/

La electricidad es la energia Lo digital hace lo invisible... visible...
mas eficiente y el mejor vector de + eliminando el desperdicio e impulsando
descarbonizacion. la eficiencia.

Lifels®n | Schneider

PElectric




iLa |A impulsa la disrupcion y la escalabilidad!

1 No hay IA sin Infraestructura de alta disponibilidad

2 La |IA hara crecer los centros de datos de todos los
tamanos a nivel global

La IA impulsa la disrupcion de la infraestructura fisica en
3 capacidad de Potencia, Enfriamiento, Racks y Monitoreo

El proximo gran desafio es implementar modelos de trabajo
de inferencia a gran escala en el Edge de una forma
sostenible.

Lifels ®n | Schneider
3 Electric
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Thank you !
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