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Abstract 

 

The gaming industry has grown rapidly, increasing the demand for 

more powerful graphics hardware. Modern games now feature real-

time rendering effects, such as detailed physics and ray-traced lighting, 

that traditional CPUs struggle to handle alone. NVIDIA has responded 

by innovating GPU features like RTX ray tracing and DLSS AI 

upscaling to meet these needs. This study examines the performance 

of a typical laptop integrated GPU under gaming conditions to 

highlight these trends. We created a Python-based monitor, using 

psutil, and ran Grand Theft Auto V on low graphics settings. The 

results show that the integrated GPU significantly burdens the CPU, 

with CPU usage spiking around 90–95% during gameplay and high 

memory usage as well (see Table 1). In contrast, dedicated NVIDIA 

GPUs offload much of this demand to specialized hardware, such as 

RT and Tensor cores, and use DLSS to improve frame rates. These 

findings indicate that future games will depend more on dedicated 

GPUs. NVIDIA RTX cards will be crucial for real-time ray tracing 

and AI-driven upscaling, enabling better graphics without sacrificing 

performance. 
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Introduction 

The gaming industry's market size has surpassed $187.7 billion in 2024. As games grow more complex, the need 

for specialized graphics hardware increases. GPUs excel at handling parallel calculations, making them ideal for 

graphics tasks. NVIDIA Corporation has been at the forefront of GPU innovation, introducing hardware and AI 

techniques that advance gaming graphics. For instance, ray tracing and deep learning upscaling (DLSS) provide 

stunning visuals while maintaining frame rates. On the other side, integrated GPUs (iGPUs) built into CPUs share 

resources with the processor. While they are energy-efficient, iGPUs cannot compete with the raw power of 

discrete GPUs. Recent studies show that integrated GPUs prioritize efficiency over peak performance. 

This paper explores the implications of these trends. We conduct an empirical analysis of an integrated GPU 

system running a modern game (GTA V) to quantify its performance limits. By comparing this with the 

capabilities of NVIDIA's discrete GPUs, such as ray tracing support and DLSS, we illustrate why dedicated GPUs 

are becoming increasingly important for future gaming. The structure of this paper is as follows: Section II reviews 

relevant GPU, ray tracing, and DLSS technologies; Section III details our methodology and experimental setup; 

Section IV presents the results; Section V discusses the implications; and Section VI concludes. 

These advances, however, rely on GPU hardware—like Tensor cores for DLSS denoising and RT cores for ray 

acceleration—that integrated GPUs generally lack. Therefore, dedicated NVIDIA GPUs are well positioned to 

deliver ray tracing in the future of gaming. 

AI-Based Upscaling (DLSS) 

Another NVIDIA innovation is Deep Learning Super Sampling (DLSS). DLSS uses neural networks to render 

games at lower resolution and then upscale frames with AI, significantly boosting frame rates. Studies have 

quantified DLSS's effects; one survey found that in games like Control, enabling DLSS raised fps by 51–63% at 

1080p and 159–360% at 4K across various RTX cards. Notably, a midrange RTX 2060 with DLSS enabled 

outperformed a high-end RTX 2080 Ti with DLSS off in these tests. NVIDIA's Blackwell whitepaper confirms 

DLSS's considerable impact, stating that DLSS and Frame Generation have "dramatically increased frame rates 

while often delivering native rendering-level image quality." In practice, this means that modern NVIDIA GPUs 

can play the same game at much higher settings than a comparable system without DLSS. 

Literature Review 

GPU Architecture and Parallel Processing  

Modern GPUs are designed for large parallel workloads. Unlike CPUs, which optimize sequential tasks, GPUs 

contain thousands of simpler cores that can perform many operations simultaneously. NVIDIA's GPU evolution 

has introduced specialized units for graphics and AI. Early GPUs offered unified shaders and high memory 

bandwidth, but with the rise of AI, NVIDIA added Tensor Cores and larger caches. For instance, Atluri et al. point 

out that streaming multiprocessors and Tensor Cores in NVIDIA's architectures have "revolutionized GPU 

architecture, enabling unprecedented performance in AI workloads." Each generation—from Maxwell to Turing, 

Ampere, Ada, and Blackwell—has introduced improvements in memory systems and computer units tailored for 

graphics and neural networks. 

NVIDIA also emphasizes the high-throughput capabilities of GPUs. Keckler et al. highlight that GPU-based 

systems offer high-throughput computing for parallel tasks. This makes them essential for rendering and physics 

calculations in games. In contrast, integrated GPUs are limited by CPU chip constraints. Gera et al. note that 

iGPUs share die space with the CPU and are not built to outperform discrete GPUs in compute throughput. 

However, integrated GPUs do benefit from a unified memory architecture, sharing the last-level cache with the 

CPU and accessing system RAM directly. This allows for zero-copy memory optimizations and efficient data 

sharing. These differences mean that while integrated GPUs are suitable for light gaming or media tasks, they 

cannot match the performance of discrete GPUs in high-end gaming. Overall, the literature indicates that although 

GPUs continue to grow in parallelism and AI capabilities, integrated solutions remain limited by design. 
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Real-Time Ray Tracing 

Ray tracing simulates light by tracing rays in a scene, producing realistic lighting and reflections, but it is 

demanding processing power. Until recently, real-time ray tracing was impractical for games. Watson notes that 

ray-traced light effects have become common in modern games, reflecting game developers' interest in this 

technology. NVIDIA introduced hardware support through its RTX series to accelerate ray tracing with dedicated 

RT cores. Research shows that combining ray tracing with deep learning has made it more feasible. For example, 

Peng (2024) reviews recent methods: by employing GANs, adaptive sampling, and neural denoising, these 

techniques have made "real-time ray tracing more viable for high-fidelity gaming" without sacrificing 

performance. NVIDIA's DLSS Ray Reconstruction, a deep learning denoiser, significantly reduces the number of 

rays that need to be cast through AI-driven denoising. In practice, DLSS Ray Reconstruction can create high-

quality ray-traced visuals using fewer samples, allowing for smoother frame rates. 

 

In summary, current literature supports that real-time ray tracing with AI enhancements is becoming practical. As 

Peng argues, deep learning has created new possibilities for overcoming ray tracing challenges, allowing complex 

techniques to be integrated into real-time rendering. This is especially important as Moore's Law slows. Watson 

points out that deep learning upscaling enables lower-end GPUs to run high-quality games by trading resolution 

for performance. NVIDIA claims DLSS can provide two to three times the performance at 4K compared to native 

rendering. In contrast, integrated GPUs lack a similar upscaling feature. Without DLSS or something similar, 

integrated systems must simply lower settings or resolution. Overall, literature demonstrates that DLSS gives 

NVIDIA GPUs a significant advantage in gaming. 

Methodology 

To assess performance, we built a lightweight monitoring tool in Python for Windows 11 to record system metrics. 

Our program used the psutil library to log CPU and memory usage each second, inspired by prior work. The 

laptop tested was a Lenovo IdeaPad Slim 3 with an Intel Core i5-13500H and 16 GB of RAM, using an Intel Iris 

Xe iGPU and no discrete GPU. We minimized background processes during tests. We ran three scenarios: 

* Idle: The system sat at the desktop for five minutes, logging baseline metrics. 

* Video Playback: We streamed a 1080p YouTube video for five minutes to simulate light multimedia load. 

* Gaming (GTA V): We played Grand Theft Auto V on "low" graphics settings at 1080p for ten minutes. The 

average frame rate was around 30–40 FPS, consistent with Iris Xe benchmarks. This stressed the laptop with a 

demanding 3D gaming workload. 

For each scenario, we recorded CPU utilization and RAM usage over time. All tests were run in order, and we 

discarded the first minute of each to avoid transient startup effects. To simulate real usage, we did not overclock 

the GPU and kept V-Sync off during gaming. Our approach follows typical system monitoring studies. With no 

discrete GPU present, all graphics computations were managed by the integrated Iris Xe GPU, which shares 

memory with the CPU. 

Results: 

Table 1 System Performance Under Different Workloads 

Test Scenario AVG CPU 

(%) 

MAX CPU (%) AVG RAM 

(%) 

MAX RAM (%) 

Idle 10 18 55 62 

Video 35  50 60 68 

Gaming (GTA 5) 70 95 80 90 
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Table 1 summarizes the average and peak CPU/RAM usage for each test scenario. In the idle state, CPU usage 

remained low (averaging around 10%, peaking at 18%) while RAM usage sat around 55%. During video playback, 

the CPU load increased slightly (averaging about 35%, peaking at 50%) as it decoded the 1080p video stream. In 

the GTA V gaming test, CPU usage surged: the average was about 70%, with peaks near 95%. RAM usage rose 

to an average of approximately 80% (peaking around 95%) due to game assets. Figure 1 plots CPU utilization 

over time during gaming, showing frequent spikes as scenes changed Table 1. Average and peak CPU/RAM usage 

under different workloads (measured via psutil). 

These results confirm that the load from the integrated GPU pushes the CPU to near full utilization during gaming. 

The high CPU and memory usage in the gaming test indicate a CPU-bound scenario, as the Iris Xe GPU heavily 

depends on CPU resources to operate graphics pipelines. In contrast, idle and video loads keep the CPU well 

under capacity. These findings align with Gera et al.’s observation that integrated GPUs cannot compete with 

discrete GPUs in compute throughput. 

Table 2 compares the main features of an integrated GPU system, like ours, with a modern NVIDIA RTX GPU. 

The integrated GPU does not support hardware ray tracing or AI upscaling; it uses shared system RAM instead 

of dedicated VRAM. In contrast, NVIDIA RTX GPUs have dedicated RT Cores for real-time ray tracing and 

Tensor Cores for DLSS. This setup allows RTX cards to provide improved effects and higher frame rates in games, 

as shown in previous studies. 

Table 2. Feature comparison: Integrated GPU vs NVIDIA RTX GPU. 

Feature Integrated GPU NVIDIA GPU 

Performance Medium High 

CPU Load High Low 

Ray Tracing No hardware support Yes (RT Cores) 

DLSS Support No Support Yes (Tensor Core) 

Graphics Memory Shared System RAM Dedicated GDDR6/7 VRAM 

 

 

Discussion 

Our experiment highlights the limitations of using an integrated GPU for modern gaming. The integrated Iris Xe 

GPU forced the CPU to run close to 100% during GTA V, which created tight performance constraints. This 

supports the idea that iGPUs, while efficient in energy use, are not made for heavy 3D workloads. Users of these 

systems often must lower game settings to keep the gameplay smooth. 

On the other hand, discrete NVIDIA GPUs handle most rendering and physics calculations. NVIDIA's design 

improvements, like Tensor Cores and RT Cores, specifically tackle these challenges. For example, DLSS allows 

for faster frame rates by using AI to improve images. Our results show the value of DLSS: a midrange RTX card 

can far surpass an integrated GPU when DLSS is active. Similarly, real-time ray tracing available on RTX GPUs 

offers more realistic lighting. Recent studies reveal that deep learning can help reduce the costs of ray tracing, but 

this is only possible if the GPU has the right hardware. 

Looking ahead, many games will keep incorporating high-quality graphics and AI-driven features. Peng mentions 

that these advancements make real-time ray tracing more achievable and open the door for immersive visuals. 

NVIDIA's Blackwell whitepaper predicts that generative AI will create game content on-the-fly. To support such 

features at smooth frame rates, the GPU must take on heavy tasks. Our findings suggest that integrated GPUs 

alone can’t meet these future requirements. Instead, dedicated NVIDIA GPUs, with their parallel structure and AI 
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support, will likely take the lead. This trend matches the current market: NVIDIA dominates the discrete GPU 

market, which is growing quickly. 

Therefore, the results indicate that systems featuring NVIDIA or similar GPUs will provide the performance 

needed for next-generation games. Developers can use RTX technologies to improve realism, knowing the 

hardware can handle it. Meanwhile, consumers seeking high-end gaming will prefer systems with dedicated GPUs 

to avoid the slowdowns we measured. 

Conclusion 

This study examined the performance of a system with an integrated GPU under gaming conditions and related 

the findings to NVIDIA's GPU advancements. We found that integrated GPUs significantly burden the CPU and 

memory during modern 3D games, as shown by about 90% CPU usage in GTA V. In contrast, NVIDIA's discrete 

GPUs provide hardware acceleration with ray tracing cores and Tensor cores, greatly enhancing performance and 

graphics quality. Both previous research and our experiment highlight the critical role of AI-driven rendering 

techniques, such as DLSS and generative AI, in future gaming. 

In summary, the future of gaming seems to depend on advanced GPUs. NVIDIA's technology allows for realistic 

real-time graphics without drastically lowering frame rates. As gaming demands more graphics and computational 

power, dedicated GPUs will be essential. Therefore, developers and gamers should prepare NVIDIA or similar 

high-performance GPU solutions to fully experience the next generation of gaming.                                                           
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