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Abstract—The current AI data center architecture is experiencing a challenge of energy usage due to the rapid 

growth of workloads in the cloud computing and artificial intelligence models. Electricity is now being used in 

amounts to power these infrastructures such as servers, GPUs and networking equipment and cooling systems. This 

paper analyzes a telemetry power optimization design that has the potential to optimize the quality of energy of AI 

data center facilities. The study collects the operational telemetry values of servers, GPUs, network equipment, and 

cooling equipment and analyses the relationship of the workload consumption and the power consumption. The 

mean utilization of GPUs was 67% and that of CPU was 54% according to experimental works. The factual 

evidence shows that the utilization of resources in the process of working on AI was unequal. On the first level, the 

system turned out to be 1.62 regarding Power Usability Effectiveness (PUE). The implementation of telemetry-

driven optimization plans such as workload consolidation, dynamic voltage and frequency control as well as 

adaptive cooling control led to budget savings i.e. 555 KW to 480 KW which translated to a total of 13.5% savings 

in energy. It became possible to save 16.7% on the cooling energy used. Such results confirm the idea that both 

monitoring and optimization strategies, whose implementation relies on telemetry measures, may make an 

impressive contribution to the area of energy efficiency without still compromising the coherent performance of AI 

data-centers. 

 

Keywords-Telemetry Monitoring, AI Data Center Infrastructure, Energy Efficient Data Centers, Power 

Optimization, GPU Utilization. 

I. INTRODUCTION 

Cloud computing has emerged as a significant 

technology whose users have access to shared 

computing resources like servers, storage and 

networking infrastructure. As a result of the rapid 

development of cloud services, numerous large data 

centers have been built in different parts of the world to 

handle the online applications, artificial intelligence 

(AI), and big data processing. These infrastructures 

have been gradually increasing and hence their 

enormous consumption of energy. Administrations of 

data centers consume high levels of power to process 

their servers, networking gadgets and cooling. 

Consequently, the researchers and those working in the 

data center industry have made data center 

infrastructure energy-saving a key issue of concern 

[1][2]. The growing power requirement of 

contemporary computing systems has also questioned 

the cost of electricity and its ecological effect and 

particularly the emission of carbon dioxide by huge 

computers centres [3]. 

Various elements affect the energy used in data centers 

and these comprise of computing servers, storage 

systems, networking infrastructure and cooling 

systems. The old system design was primarily 

interested in enhancing performance and satisfying the 

user demand. But today, information and computing 

technology need a compromise between performance 

and energy efficiency. The researchers have pointed 

out that designing a system should not be focused on 

high performance as the only aim, but also its optimum 

power usage and energy sensitivity. Energy 

optimization gets even more complicated due to the 

large scale of the modern cloud and AI infrastructure 

since thousands of heterogeneous servers are running 

concurrently in the distributed environment [3]. 

System telemetry is another significant change that has 

taken place in the current computing environment. The 

act of gathering real-time operational data of 

infrastructure devices, which can be servers, networks 

and storage devices is described as telemetry. To aid 

the operator in interpreting the performance of the 

network and identifying a network failure, network 

telemetry systems gather such information as latency, 
Software Engineer 
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throughput, and device health [4]. Telemetry data gives 

very deep insight into the work of the system and 

allows way of monitoring and optimizing large 

computing system intelligently. Combined with 

sophisticated analytics and machine learning, the data 

of the telemetry can assist in detecting the inefficiencies 

and inform the plans of the power optimization in the 

data centers. 

Recent studies have also emphasised on the 

significance of telemetry data in the management and 

optimization of systems. Typically, high performance 

computing systems have a multivariate telemetry 

information that can be taken in a time-series format, to 

be used to identify changes in performance, schedule 

tasks, and enhance reliability of the systems [5]. Such 

telemetry-owned methods enable system 

administrators to make decisions regarding the 

resources and power. Consequently, telemetry-based 

optimization has become a promising approach to the 

enhancement of the efficiency of large-scale computing 

infrastructures. 

The other significant feature of energy saving data 

center design is energy consumption modeling. There 

are different models suggested by researchers to 

approximate and predict the power consumption of 

different levels of systems such as hardware, servers 

and complete data center [6]. These models are used by 

the administrators to know the trend on the use of the 

energy and know areas where they can optimize the 

usage. Most models of existing power models, 

however, are based on simple values like CPU 

utilization which might not be representative of the 

complex dynamics in designing up-to-date data center 

infrastructures [6]. It is witnessing increasing demands 

as a result of which more comprehensive strategies are 

to apply various telemetry data to perform effective 

energy modeling and optimization. 

Besides the computing resources, the cooling systems 

also occupy much of the energy expenditure of the data 

centers. Thermal controls should be controlled 

effectively due to this density of the server as it 

translates to a rise in heat production. Conventional 

cooling systems normally apply a type of control 

strategy that is usually not dynamic that leads to over-

cooling and energy consumption [7]. The current 

methods work to adopt dynamic cooling control based 

on real time monitoring and optimization methods to 

minimize the unwarranted energy use and operating 

temperatures to remain safe. 

The power of the modern data centers is also further 

heightened by the rapid uptake of artificial intelligence 

workloads. AI applications can in many cases demand 

considerable large-scale parallel processing including 

dedicated hardware like GPUs and accelerators, which 

also consume a lot of power. One of the research issues 

is the enhancement of energy-efficiency of AI data 

center infrastructure. The process of telemetry-guided 

power optimization should be used to overcome this 

difficulty by offering current understanding of the 

system behaviour and allowing the adaptive resource 

management models. With the combination of 

telemetry data and smart control systems, the 

optimization of power consumption and control over 

compliance with the requirements of performance can 

be achieved. 

Due to these reasons, telemetry-guided power 

optimization is becoming a potential solution toward 

ensuring the creation of energy-efficient AI data center 

infrastructure. Through the integration of telemetry 

data collection, energy modeling and intelligent 

optimization methods, data center operators will be 

able to have efficient energy usage and sustainable 

operation. The study is aimed at addressing the problem 

of using telemetry data to inform the power 

optimization strategy when operating an AI data center. 

 

II. RELATED WORKS 

A. Energy Consumption in Data Centers 

One of the most urgent components of the modern data 

centers is it is energy consumption in the light of the 

accustomed increase the cloud computing service. 

Numerous papers have been written to explore the 

methods of enhancing power efficiency in the 

virtualized and cloud-based infrastructures. Studies 

have pointed out research surveys that data centers use 

large quantities of energy due to the constant use of 

servers, storage system and networking equipment. The 

growth of computing services and internet-based 

application has greatly enhanced the consumption of 

electricity and so the need to bring efficiency in using 

energy is a research topic of high concern [8]. 

A number of scholars have studied the aspects of power 

consumption by large computing systems like clusters, 

grids and cloud systems. Such studies reiterate the fact 

that in order to improve energy efficiency, a 

combination of hardware optimization, virtualization 

strategy and intelligent resource management strategies 

is needed. Power usage has been estimated using 

energy consumption models that are used to estimate 

the power used in various levels of data center 

infrastructure. These models involve hardware-level 
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models, server-level models and models at the system 

level which aids the researchers in comprehending 

behavior of energy at the whole computing 

environment [9]. Most of the current models however 

depend on a few performance measures and may not be 

able to depict the involved interactive dynamics of 

various parts of the system. 

B. Power Optimization and Resource Management 

Techniques 

A large number of literatures have suggested 

optimization strategies to minimize power energy in 

data center systems. Resource management strategies 

are significant in enhancing the level of energy 

efficiency through dynamically assigning the 

computing resources according to the needs of 

workloads. As an instance, the unnecessary power 

consumption can be minimized by using energy aware 

workload scheduling and server management policies 

without jeopardizing the performance requirements 

[10]. 

Another significant factor that adds to the use of energy 

in the data centers is network infrastructure. Scholars 

have suggested different strategies of maximizing the 

use of energy in the data center networks management 

of routing routes and the flow of traffic [11]. According 

to some research as well, there exist adaptive 

management systems, which are dynamically active or 

inactive with respect to the load of the network which 

can greatly reduce the amount of energy consumed as 

a network structure [12]. 

Another alternative approach to energy optimization is 

validated by the advanced mathematical and 

optimization techniques. As an illustration, network 

devices optimization of power consumption has been 

employed using mixed integer programming models as 

an energy-aware traffic engineering [13]. These 

optimization tools show that smart resource 

management can be a substantial way of increasing the 

energy efficiency of large-scale computing 

infrastructures. 

C. Telemetry-Based Monitoring and Intelligent 

Control 

Telemetry systems are now also critical devices used in 

monitoring and controlling current data center 

infrastructures. Network telemetry gathers information 

of high quality on the system performance (latency, 

throughput, and status of devices). It has been 

suggested to use advanced telemetry framework to 

enhance the monitoring capabilities and give more 

visibility regarding the work of data center network. 

Besides monitoring, intelligent system management is 

also done by using telemetry data. Machine learning 

systems are able to process telemetry data to identify 

the presence of performance anomalies and predict 

system behaviour and optimize the allocation of 

resources. Research on the high-performance 

computing systems has shown that machine learning 

model based on telemetry can assist in improving 

scheduling decisions and system reliability. 

Telemetry information is also useful in dynamic control 

processes in data centers. As an illustration, with the 

help of monitoring data and sophisticated control 

algorithms like deep reinforcement learning, one can 

optimize cooling systems. These solutions allow the 

automatic adaptation of cooling policy in accordance 

with the work load and the environment, which saves a 

lot of energy [14]. With the incorporation of telemetry 

data and the smart control strategies, the data centers 

will have an opportunity to have more efficient and 

adaptive energy management. 

D. Research Gap 

In spite of the various studies conducted on the energy 

efficient design of data centers, there still remain a 

number of limitations of the research. There are 

numerous energy optimization methods that typically 

concentrate in a single element like a server, network, 

or a cooling unit as opposed to viewing them as a 

system. The current models of power optimization 

frequently are based on few system metrics and the 

extensive amount of telemetry data produced by the 

contemporary data centers is not exploited to the 

fullest. 

The existing studies are mostly dedicated to general 

data center on the cloud settings whereas distinctive 

electric power needs of AI applications are less 

examined. AI training and inference activities are 

characterized by the heavy computing and specialized 

hardware, and thus consume more energy than 

conventional loads. AI-driven data center 

infrastructures need new optimization approaches to 

deal with the power consumption. 

The other significant limitation is that the telemetry 

data is usually accessed as a monitoring and failure 

alert but not in the active optimization of power. The 

research incorporating the use of telemetry data and 

smart optimization systems to direct real-time energy 

management decision-making is required. 

This paper will strive to fill in these shortcomings by 

investigating telemetry-based power optimization 

solutions to energy efficient AI-based data center 
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infrastructures. In the proposed research, the project 

will concern the implementation of telemetry-based 

monitoring systems and adaptive techniques of power 

management to enhance energy efficiency without 

compromising system performance. 

Wu et al. introduced a framework where HPC 

PowerStack utilizes an end-to-end auto-tuning to 

facilitate the coordinated control of the various 

software layers so that lead to the optimization of 

power and energy usage of the high-performance 

computing environment. 

Researchers examined proactive demand response 

technology in which geographically distributed data 

centers use the electricity pricing and redistribute the 

workload to optimize the events of energy costs and 

power grid stability [15]. A review of power 

management methods in data center was conducted by 

researchers who considered economic and 

sustainability and operational viewpoints of enhancing 

energy efficiency in large computing infrastructures 

[16]. 

Scholars put forward an energy conscious dynamic 

power administration framework to disk-based storage 

systems with predictive control in decreasing power 

consumption with the requirement of database 

execution [17]. In the field of building energy 

management systems, researchers used the deep 

reinforcement learning to optimize the use of energy in 

real-time and proved how intelligent control could 

make buildings use less electricity, through the 

adaptive scheduling process [18]. 

The power efficiency of the server-centric passive 

optical network (PON) based data center design was 

measured by researchers and demonstrated that such 

solution can significantly lower the amount of energy 

consumed by the data center network topology, as 

compared to the conventional data centres network 

motif [19]. Researchers introduced a cloud data center 

using energy-aware framework which examines the 

power usage of virtual machines, finds hot and cold 

data centers in order to facilitate an effective workload 

migration and resource assignment [20]. 

 

III. PROPOSED FRAMEWORK 

A. Research Design and System Architecture 

This experiment is intended to use a quantitative and 

experimental research design because it aims to 

determine how telemetry data would enable the 

optimization of AI data center infrastructure to shut 

down when power is bad. The primary objective of the 

methodology is to gather telemetries of the various 

elements of the data center, examine the connection 

among the system overload and power draw, and 

derive optimization methods of decreasing the electric 

power though retaining the performance. The study is 

founded on a telemetric-directed framework in which 

monitoring, examination, and streamline are 

incorporated into one framework. 

The proposed system architecture incorporates four 

significant components, such as telemetry data 

collection layer, data processing layer, power 

modeling layer and optimization layer. The telemetry 

layer data collection is provided in a continuous 

process of receiving operational data of servers, GPUs, 

network devices and cooling systems. The telemetry 

information gathered will consist of the CPU 

utilization, GPU utilization, network throughput, 

temperature, and power consumption measurements. 

These data streams are found to be saved as time-series 

data to be analyzed. 

The data processing layer will process the overall 

telemetry data and clean the information and organize 

it. Given that the telemetry data would be generated 

continuously, it would require preprocessing to 

eliminate noise and the unavailability of data. Before 

storage, the system converts the data to a centralized 

monitoring database where it may be accessed to be 

analyzed. The second level is power modeling layer, 

which includes the estimation of the energy 

consumption of various parts by mathematical models. 

These models contribute to the realization of how the 

changes in the workload influence the power 

consumption in the infrastructure. 

The last element of the framework is the optimization 

layer. During this phase, the telemetry is analyzed by 

algorithms to find the opportunity of consuming less 

energy. These algorithms can modify utility of servers, 

workload, and cooling. The general workflow is based 

on feedback with the optimization decisions being 

made constantly in response to the telemetry data. This 

architecture of telemetry is also able to make the 

system dynamically adjust to the workload variations 

in the environment of AI data centres. 

B. Telemetry Data Collection and Processing 

The data collection regarding telemetry is one of the 

main components of this study since it will have real-

time visibility over the data center infrastructure 

behavior. The telemetry system monitors measures of 

various systems, such as processor on the servers, 

graphics accelerators, storage devices, and networking 

switches. All units produce data that is operating at 
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specified periodic intervals. These measurements are 

saved as multivariate time-series data and this enables 

the system to measure the variation in the workload 

and power consumption over a time period. 

To determine the power consumption of an individual 

data center server, the following simple equation of 

power consumption is applied. 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝐶𝑃𝑈 + 𝑃𝐺𝑃𝑈 + 𝑃𝑚𝑒𝑚𝑜𝑟𝑦 + 𝑃𝑛𝑒𝑡𝑤𝑜𝑟𝑘 + 𝑃𝑠𝑡𝑜𝑟𝑎𝑔𝑒(1) 

This formula will be the total power consumption as 

the sum of the power that the various hardware parts 

use. 

The following formula is used to calculate the energy 

consumption through which the time can be counted. 

𝐸 = 𝑃 × 𝑡 (2) 

E is the energy, P is power consumption and t is a time 

interval. 

The other useful metric in telemetry analysis is server 

utilization. This is determined by the following 

equation. 

𝑈 =
𝑊𝑜𝑟𝑘𝑙𝑜𝑎𝑑𝑎𝑐𝑡𝑖𝑣𝑒
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑡𝑜𝑡𝑎𝑙

(3) 

This formula is used to identify the effectiveness of the 

use of computing resources. 

In the case of AI workloads, the use of the GPU is 

especially significant since GPUs use much energy. 

The use of GPU can be written down as: 

𝑈𝐺𝑃𝑈 =
𝐺𝑃𝑈𝑎𝑐𝑡𝑖𝑣𝑒_𝑡𝑖𝑚𝑒

𝐺𝑃𝑈𝑡𝑜𝑡𝑎𝑙_𝑡𝑖𝑚𝑒

(4) 

The temperature data is also included in the telemetry; 

this can also be used to analyze the cooling efficiency. 

Mean temperature of servers may be determined as: 

𝑇𝑎𝑣𝑔 =
1

𝑛
∑𝑇𝑖

𝑛

𝑖=1

(5) 

Ti is the temperature of a single server and n is the 

number of servers. 

These equations are used to search raw telemetry data 

into significant indicators that explain how the system 

works. The resulting processed data is used to 

construct predictive data on the power management 

and optimization strategies. 

C. Power Modeling and Energy Efficiency Analysis 

This study employs power modeling to have an insight 

on how a system is utilized to influence energy 

consumption. It is possible to determine mathematical 

correlations between workload parameters and power 

consumption by analyzing telemetry data. There is a 

tendency to use a simple linear power model as an 

estimate of power consumption of the server 

depending on its usage rates. 

𝑃 = 𝑃𝑖𝑑𝑙𝑒 + (𝑃𝑚𝑎𝑥 − 𝑃𝑖𝑑𝑙𝑒) × 𝑈 (6) 

Where Pidle is the power used when the server is idle, 

Pmax is the maximum power used and U is the server 

utilization in such a formula. 

One metric that is commonly used to measure energy 

efficiency of the data center is the so-called Power 

Usage Effectiveness (PUE).  

The other significant parameter that is employed in the 

analysis is the interrelationship of energy efficiency 

and workload. This can be expressed as: 

𝐸𝐸 =
𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒

𝑃𝑜𝑤𝑒𝑟
(7) 

Where performance is the output of computations of 

the system and power is the energy consumption. 

Data centers also require a lot of energy in the cooling 

systems. The cooling power and heat generation have 

the following relationship that the cooling power can 

be estimated using. 

𝑄 = 𝑚 ⋅ 𝑐𝑝 ⋅ (𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛) (8) 

Q is heat transfer, m is mass flow rate of air, cp is the 

specific heat capacity, Tout is outlet temperature and Tin 

is inlet temperature. 

These power models assist in determining the elements 

that lead to the highest proportions of energy 

consumption. Based on the analysis of telemetry data 

with these equations, the system is able to identify 

areas of inefficiency like dormant servers or 

overcooling. 

D. Telemetry-Guided Power Optimization Strategy 

Once the telemetry data is analyzed, and power models 

have been constructed, it is possible to implement the 

optimization strategies in order to minimize energy 

consumption. Workload optimization, server power, 

and cooling are the aspects that are considered in the 

optimization process. These are strategies that are 

supposed to keep the systems operational and reduce 

unnecessary energy consumption. 

Dynamic workload allocation is one of the key ways 

of optimization. The server workloads are allocated to 

the servers according to the degree of utilisation. This 

is aimed to prevent cases where the number of servers 

utilized at a low load will cause wastage of energy. 

This workload assigning problem may be defined as 

an optimization objective function: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒∑𝑃𝑖

𝑛

𝑖=1

(9) 
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Subject to the constraint: 

∑𝐶𝑖

𝑛

𝑖=1

≥ 𝑊 (10) 

Where Pi is the power consumption of server i, Ci is 

the computing capacity and W is the demand on the 

workload. 

Dynamic voltage and frequency scaling (DVFS) is 

another optimization approach because it scales the 

processor speed according to the workload 

requirements. Decreasing the speed of processors will 

decrease the power usage. The correlation between 

frequency and power will be estimated by: 

𝑃 ∝ 𝑉2𝑓 (11) 

V and f are the voltage and frequency of a processor, 

respectively. 

Telemetry data is used to decide when these 

optimization measures are to be implemented. As an 

example, in the case where telemetry shows that 

workloads are low, the system is able to group 

workloads together on fewer servers, as well as put idle 

servers in low-power modes. Cooling facilities can be 

programmed according to temperature measurements 

in order to prevent unnecessary energy consumption. 

The optimization scheme acts in a feedback 

mechanism. The telemetry data are gathered, analyzed, 

and sent to control the parameters of the system. The 

system then tracks the impacts of such alterations and 

makes additional changes should there be a need to do 

so. This is by way of a closed loop system whereby 

decisions on the optimization of power are always 

informed by real time operational information. 

The research will be guided by this telemetry approach 

to establish an intelligent approach toward enhancing 

the energy efficiency of the AI data center 

infrastructure. Real-time monitoring, mathematical 

modeling, and adaptive optimization are all 

contemporary methods used together to reach 

sustainable and energy-efficient operation of data 

centers, which is proposed. 

 

IV. RESULTS 

A. Telemetry-Based Monitoring of Data Center 

Infrastructure 

The initial experiment phase was determining the 

extent to which telemetry monitoring enhances 

observability of system behavior in an AI data center 

setup. Continuous data collection of telemetry was 

performed on servers, GPUs, network and cooling 

devices. The metrics that were gathered were CPU 

usage, GPU usage, server temperature, network 

throughput, and server power usage. These metrics 

were measured during a sustained workload execution 

process in which AI training and inference operations 

were modeled in several servers. 

According to the findings, telemetry monitoring gives 

a close insight into the patterns of use of infrastructure. 

It is found that there are a large number of servers, 

which have moderate load, and even exist to have 

underutilized servers during particular times. Such 

inefficiencies can hardly be identified without 

telemetry monitoring. The telemetry data allowed 

detecting workload disparities and other unwarranted 

power consumption at various nodes. 

Telemetry of a GPU was of specific use since AI 

workloads depend on the use of a GPU accelerator. At 

high workload, the use of GPUs was high and that of 

CPU was moderate. This observation proves that AI 

data center resources point loads can result in remote 

resource utilization. Thus, the telemetry-based 

monitoring can assist the administrators track these 

imbalances and create more effective strategies on 

how to allocate resources. 

Severe utilization and power consumption along with 

their correlation is another valuable telemetry reading. 

As anticipated the consumption of power rose as the 

utilization of server rose. Either idle or low-utilization 

servers, however, used definable amount of baseline 

power. This finding shows that workload 

consolidation strategies are important to minimize the 

energy wasted. 

The telemetry information also gave data regarding 

thermal data in the data center. The heavy workloads 

brought about high temperatures on the server leading 

to an increase in the cooling demand. In the cases of 

redistribution of workloads among servers, a more 

uniform temperature distribution was achieved and 

less cooling demands were made. Such results 

demonstrate that the implementation of telemetry 

monitoring does not only result in a better operational 

visibility but, moreover, it facilitates even more cost-

effective thermal management. 

Table I: Telemetry Metrics Observed in AI Data 

Center Infrastructure 

Metric 
Minimu

m Value 

Averag

e Value 

Maximu

m Value 

CPU 

Utilization 

(%) 

18 54 88 
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GPU 

Utilization 

(%) 

22 67 95 

Network 

Throughput 

(Gbps) 

1.8 6.4 12.7 

Server 

Temperature 

(°C) 

22 31 40 

Server 

Power 

Consumptio

n (Watts) 

120 285 520 

 

Table 1 results indicate that to a great extent the 

utilization of the GPU was higher than the utilization 

of the CPU. These results attest the fact that AI loads 

pose a significant burden on the GPU accelerators and 

this fact directly leads to increased power 

consumption. 

 

Fig 1: Relationship between GPU Utilization and 

Power Consumption across AI workloads 

The scatterplot shows how the gun utilization is related 

to the overall consumption of the power of the server. 

The graph indicated evident positive correlation in the 

sense that an increase in the GPU use results to an 

increase in the power consumption. This finding 

confirms that it is crucial to measure the use of GPUs 

on the energy optimization of AI infrastructures. 

B. Power Modeling and Energy Consumption 

Analysis 

The second phase of the experiment studied the 

connection between the measures of workload and 

power consumption based on the power models 

presented in the methods. The telemetry information 

whittled out of servers was applied in estimating the 

power consumption in the servers at various utilization 

levels. Linear power model demonstrated that the 

power consumption in a server became incremental as 

it was utilized. Idle servers used approximately 40-

50% of their peak capacity of power. 

This fact is a confirmation to the finding that the idle 

power consumption is a significant factor in the total 

data center energy consumption. Thus, decreasing the 

intensity of work load does not necessarily result in 

saving of equal amounts of energy. Such optimization 

strategies as server consolidation and dynamic power 

management are needed instead to optimize buried 

energy use. 

The analysis has also taken a look at the Power Usage 

Effectiveness (PUE) that is of the experimental setting. 

The initial value of PUE was obtained and determined 

by dividing the total power of the facility by the power 

of the IT equipment. The value of PUE on observation 

was around 1.62 under the initial configuration. It 

means that the considerable part of the energy was 

used to sustain the infrastructure (cooling and power 

supply systems). 

Computer equipment was second in the energy 

consumption list with cooling systems. Under heavy 

load situation, the cooling power also went high since 

server temperatures are high. To determine the demand 

in cooling that was more significant, telemetry-

controlled analysis was used to determine the hotspots 

in temperature. These hotspots were minimized by 

redistributing the workloads among the servers and 

this was a way of increasing the efficiency of cooling. 

 

Fig 2: Comparison of energy consumption across 

major data center components (Servers, GPUs, 

Network, Cooling 

The power used by the various parts of the 

infrastructure is compared using the clustered column 

chart. Results indicate that a combination of servers 

and GPUs consume the most amount of energy with 
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cooling systems coming in second. Network devices 

also add some minor and yet significant percentage of 

power consumption. 

C. Effectiveness of Telemetry-Guided Power 

Optimization 

The last experiment involved testing the performance 

of the telemetry-directed optimization plans. These 

were the workload consolidation, dynamic voltage and 

frequency scaling (DVFS) and temperature telemetry-

based cooling. The optimization system also kept on 

monitoring the telemetry data and changing the system 

parameters. 

Workload consolidation took place when telemetry 

showed that there are a number of servers that are at 

extremely low utilization. The workloads in these 

instances would be migrated to a smaller number of 

servers and the rest of the servers would be set into low 

power states. This plan greatly saved power wastage. 

Processors were also scaled to dynamic voltage and 

frequency, which was applied under moderate 

workload conditions. Reduction in processor 

frequency to conserve energy and yet keep to 

performance levels needed were implemented when 

the telemetry system reported reduced processor 

demands. 

By using airflow and cooling system settings that were 

optimized using server temperature telemetry, cooling 

optimization was implemented. With redistribution of 

workloads at a more balanced way, server 

temperatures were more balanced. This enabled lower 

level of intensity of cooling systems. 

 

Table II: Energy Consumption Before and After 

Optimization 

Compone

nt 

Power 

Consumpt

ion Before 

Optimizat

ion (kW) 

Power 

Consumpt

ion After 

Optimizat

ion (kW) 

Reducti

on (%) 

Servers 210 178 15.2 

GPUs 165 148 10.3 

Network 

Devices 
48 44 8.3 

Cooling 

Systems 
132 110 16.7 

Total 

Energy 

Consumpt

ion 

555 480 13.5 

 

As it can be seen in Table 2, the overall energy 

consumption was minimized because of telemetry-

guided optimization. Cooling systems had the highest 

gains with a workload distribution optimization 

leading to reduced thermal hotspots. Workload 

consolidation and dynamic power management also 

resulted in save on energy by a significant percentage 

with the servers. 

 

Fig 3: Trend of total data center power 

consumption before and after telemetry-guided 

optimization 

The time-series chart shows the way the total power 

consumption was varying with time. With the 

strategies of optimization implemented, the total 

amount of power used slowly declined and then 

leveled at the lower level than when all was at the 

baseline scenario. 

The outcomes of the experiment indicate that the 

energy efficiency of the AI data center infrastructure 

can be considerably increased using telemetry-based 

power optimization. The system produced a significant 

decrease in power consumption to support stable 

performance of AI workloads by continually tracking 

operational data and working with the adaptive 

optimization strategies. 

 

V. CONCLUSION 

This paper has analyzed the power optimization of the 

AI data center infrastructure using telemetry as a 

means to enhance their energy efficiency. The use of 

the high workloads and the rising popularity of the use 

of the graphics card accelerators in artificial 

intelligence are issues that are taking the modern data 

centers a lot of electric power. Findings of this study 

reveal that telemetry monitoring can be used to give 

comprehensive insights into the performance, 

distribution, and power consumption patterns in the 

system. Through the inspection of telemetry data of 

servers, GPUs, network devices, and cooling systems 

in the system, it was possible to determine 
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inefficiencies, including underutilized servers and 

distribution of workloads. 

Telemetry-based optimisation measures assisted in 

decreasing the total energy use without any decrease 

in the system performance. Dynamic voltage and 

frequency scaling and workload consolidation 

decreased the idle server power consumption, and 

enhanced the CPU energy efficiency. Besides that, 

cooling modifications in terms of temperature lowered 

cooling power. It was shown through the experimental 

assessment that the overall power consumption had 

been decreased by approximately 13.5 percent and 

cooling energy consumption had decreased by 16.7 

percent. 

This research provides insights that the combination of 

telemetry monitoring and intelligent optimization 

strategies can greatly enhance the level of energy 

efficiency in the process of AI-based data center 

infrastructure and help achieve more efficient 

computing practices. 
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