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ANALYSIS OF NVIDIA BLACKWELL ARCHITECTURE
FOR BUILDING GRAPHICS CARDS

Romaniuk Oleksandr

Doctor of Technical Sciences, Professor
Kostenko Angelina

Student

Vinnytsia National Technical University, Ukraine

NVIDIA Blackwell architecture, named after American mathematician and
statisticlan David Blackwell, 1s a significant milestone in the development of
accelerated computing and artificial intelligence systems. Its creation is due to the
exponential growth in the requirements for computing power required to train and
deploy generative and large language models [1]. The official presentation of
Blackwell took place on March 18, 2024 at the NVIDIA GTC conference in San Jose
(USA) [2]. The architecture is positioned as the next generation after Hopper (H100)
and 1s designed to provide training of models with tens of trillions of parameters with
reduced power consumption and reduced computing time [3].

The Blackwell architecture implements a number of technical innovations aimed
at eliminating the limitations of previous generations of GPUs. The system is based on
a multi-chip module (MCM), which consists of two silicon dies combined into a single
B200 processor with a total of 208 billion transistors [4]. This approach provides
increased integration, efficiency and throughput. The power of a single chip reaches
20 petaflops in FP4 format or 10 petaflops in FP8 format, which is 30 times higher than
the performance of the Hopper H100 during the inference of large language models
[5].

The advanced fifth-generation NVLink technology delivers 1.8 terabytes per
second of bidirectional bandwidth, allowing up to 576 GPUs to be connected in a single
compute cluster [6]. A key component is the second-generation Transformer Engine
(Transformer Engine 2.0), which supports FP8, FP6, and FP4 with dynamic precision
scaling. This solution optimizes the balance between speed and accuracy, which is
critical when training models with trillions of parameters [7].

The Blackwell architecture also introduces support for low-bitrate microscalar
formats, the key one being FP4. Reducing the bitrate to 4 bits reduces the amount of
memory required to store model parameters and speeds up data transfer operations.
Micro-Tensor Scaling technology ensures accuracy is maintained by dynamically
calibrating scaling factors [8].

The Blackwell GPU is equipped with fifth-generation Tensor Cores, which
deliver twice the speed of attention layers and a 50 percent increase in Al performance
compared to the Hopper architecture. [9] Hardware-to-memory optimization improves
power efficiency, which is important for data centers.

Due to its high scalability and versatility, the NVIDIA Blackwell architecture can
be used in various directions. In the field of artificial intelligence, it provides efficient
training and inference of large language models with trillions of parameters [10]. In
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high-performance computing, Blackwell supports FP64 and FP32 formats, which
allows it to be used for precise scientific calculations in molecular dynamics,
computational fluid dynamics, quantum chemistry, and climate modeling [11]. In the
field of autonomous systems, the architecture allows for fast processing of sensor data
in real time, which is important for autonomous transportation and robotics [12]. In
addition, Blackwell improves the quality of graphics and rendering thanks to improved
Ray Tracing Core and support for GDDR7 memory [13].

A number of hardware solutions have been created based on the Blackwell
architecture. The B100 and B200 GPUs are used in data centers and form the basis of
the HGX B200 and GB200 NVL72 platforms [14]. The Blackwell Ultra model is aimed
at cloud providers and is characterized by an increased amount of HBM3e memory. In
the consumer segment, the appearance of GeForce RTX 50 GPUs with support for
GDDR7 memory and improved DLSS algorithms is expected [15].

NVIDIA Blackwell architecture demonstrates the systemic evolution of GPUs
towards scalable computing for Al Its innovations—modular architecture, second-
generation transform engine, low-bit support, and improved power efficiency—form
the foundation for further development of generative models and high-performance
systems, opening up new possibilities for future computing technologies [16].

NVIDIA Blackwell architecture is the latest accelerated computing platform
designed to deliver maximum performance in the fields of artificial intelligence, high-
performance computing, and computer graphics. Its centerpiece is the B200 GPU
(Figure 1), which is based on a Multi-Chip Module (MCM). This design consists of
two large silicon dies, designated Silicon Die 1 and Silicon Die 2, that operate as a
single logical processor. The use of MCM overcomes the physical limitations of single-
chip solutions, providing a significant increase in transistor density and efficient
scaling of computing resources.

B200 GPU

MCM

= SILICON SILICON =
2 DIE 1 DIE 2 2

MCM

TRANSFORMER ENGINE 2.0

NVLINK GDDR7

RAY TRACING CORES

Figure 1. NVIDIA Blackwell Architecture

Each of the two dies has its own memory subsystem and compute units connected
by high-speed internal interfaces. On the sides of the MCM are HBM (High Bandwidth
Memory) modules, which provide extremely high bandwidth between the GPU cores
and memory. Thanks to HBM, the Blackwell architecture achieves minimal data access
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latency and significantly improves power efficiency compared to traditional systems
using GDDR memory.

Under the GPU module is Transformer Engine 2.0, a specialized hardware unit
that performs optimization operations during training and operation of transformer-
type models. It supports dynamic precision scaling and is capable of working with FP§,
FP6, and FP4 number formats, which allows for an effective balance between
performance and accuracy of calculations. This mechanism allows you to accelerate
the training processes of large language models several times compared to the previous
generation of NVIDIA Hopper architectures.

The fifth-generation NVLink interconnect is used to communicate between
individual GPUs. Its bandwidth reaches 1.8 terabytes per second, which provides
efficient communication between hundreds of GPUs within a single computing cluster.
With NVLink, the Blackwell architecture supports horizontal scaling of up to 576
GPUs, which function as a single computing system. This is especially important for
data centers that train large artificial intelligence models, where data synchronization
and exchange speed are crucial.

Another important component of the architecture is support for GDDR7 memory,
which is used in Blackwell-based consumer and workstation GPUs. It provides high
data transfer rates with relatively low power consumption, making this memory
optimal for graphics applications, gaming, and rendering complex scenes.

A separate role is played by Ray Tracing Cores - specialized computing modules
designed to process the physics of light, reflections and shadows in real time. They are
combined with Tensor Cores to implement neural rendering methods such as DLSS
(Deep Learning Super Sampling), which allows you to achieve photorealistic graphics
with a significantly lower load on computing resources.

Together, these elements form a balanced, highly scalable, and energy-efficient
architecture capable of handling the most complex tasks in modern computing, from
training generative models and analyzing big data to creating virtual worlds and
simulating physical processes.

Thus, the NVIDIA Blackwell architecture is a combination of innovative
solutions in the fields of microelectronics, systems engineering, and artificial
intelligence algorithms.
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