UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

Memory Sandbox 2.0:

A Framework for Enabling HBM2e vs HBM2
Performance and Telemetry Analysis on Xilinx FPGAs

Elias Perdomo®?, Joan Teruel 12,

Sajjad Ahmed?, Behzad Salami!, Teresa Cervero®! and Xavier Martorell*

1Barcelona Supercomputing Center B2
2Universitat Politecnica de Catalunya BARCELONA ZETTASCALE LAB

08/10/2025




Outline

* Introduction & Problem Definition

e HBM as a solution

* Memory Sandbox 2.0 Architecture

v/ Throughput results

v/ Telemetry results

* Conclusions



CPU vs Memory speed increase

HUProc x1.20/yr Place more memory
Processors-DRAM Memory Gap ~52%/year 100 [ on-chip
1,000,000 * von Neumann architectures
GTX5807/,ﬁ/*""/f/ * More’s Law
100,000 |Fmmmmmmm e e * Dennard scaling
Itanium2
L, 10,000 [iNuu uProc x1.52/yr _Processor-iViemocry Performance Gap
§ ~60%/year “Memory Wall”
§ Looo [T (grows ~50%/year)
Q.
100 | T A
10 DRAM x2/10yrs
~7%/year
! 1980 1985 1990 1995 2000 2005 2010 2015

2020
Year



CPU vs Memory speed increase

HUProc x1.20/yr Place more memory
Processors-DRAM Memory Gap ~52%/year 100 on-chip
1,000,000 ¢ von Neumann architectures
¢ More’s Law
T e S . * Dennard scaling
o, 10,000 prEEEEEEEEEE u Proc ')'('1':'5"2"/'{,} """""" _Processor-Memory Performance Gap
g ~60%/year “Memory Wall”
§ Looo0 [T (grows ~50%/year)
&
—_——e S r Y L ] \‘?
100 iciency wali:
How about the eff
10 DRAM x2/10yrs
~7%/year
1 1980 1985 1990 1995 2000 2005 2010 2015

2020
Year



CPU vs Memory speed increase
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CPU vs Memory speed increase
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Bandwidth and power consumption comparison
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Bandwidth and power consumption comparison
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AMD committed to a transition to HBM

Alveo u200 Alveo u280 Alveo u55c Versal v80

(Oct/2018) (Nov/2018) (Nov/2021) (May/2024)
DDR Total Capacity DDR Total Capacity DDR Total Capacity DDR Total Capacity
64GB 32GB 0GB 4GB*(ARM)
HBM Total Capacity HBM Total Capacity HBM Total Capacity HBM Total Capacity
0 8GB 16GB 32GB
HBM version HBM version HBM version HBM version
HBM2 HBM2 HBM2 HBM2e
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HBM technology and Standards Evolution

HBM.STANDARDS EVOLUTION

Max Pin Max Capacity Max
Transfer Rate per stack Bandwidth

1 Gb/s 1GB 128 GB/s

2.4 Gb/s 4/8 GB 460 GB/s

HBMZ2E (Current FPGA)
3.6 Gb/s 8/16/24 GB 820 GB/s

6.4 Gbps 16/24 GB 1.2 TB/s

9.8 Gbps 36 GB 1.6 TB/s

c st 10 8 Gbps 64 GB 2 TB/s




Roadmap
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Makinote

Makinote
‘BSC FPGA-Shell’

- Basic FPGA-SHELL  for
automating 1/O interfacing
between FPGA and custom
designs.
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Evaluation for Design. 2024.

risc-v designs." Proceedings of the 16th Workshop on Rapid Simulation and Performance




Memory Sandbox 1.0

- Profiler without FPGA-Shell
Automation or FPGA to PC
communication.

- DDR & HBM

* Throughput

* Latency

@ %

Memory
Sandbox 1.0

Memory Sandbox 1.0

Microblaze

DDR & HBM2

Perdomo, Elias, et al. "Memory Sandbox: A Versatile Tool for Analyzing and Optimizing HBM
Performance in FPGA." 2024 IEEE 36th International Symposium on Computer Architecture and

High Performance Computing (SBAC-PAD). IEEE, 2024. L
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Memory Sandbox 2.0

BSC FPGA-Shell

(Memory Sandbox 2.0 h

INPUT

DDR,

RESULTS HMB2 & HBM2e
CPG
\__ y,

Perdomo, Elias; Teruel, Joan, et al. "Memory Sandbox 2.0: A Framework for Enabling HBM2e vs
HBM2 Performance and Telemetry Analysis on Xilinx FPGAs." 2025 ACM 11th International
Symposium on Memory Systems (MEMSYS25). ACM, 2025.

14



Memory Sandbox 2.0: Throughput and Latency

QDMA
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Memory Sandbox 2.0: Throughput and Latency
| QDMA |
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Memory Sandbox 2.0: Throughput and Latency

* Higher configurability ¢ More control over ¢ Further insights
measurements o Memory transaction clock cycles
o Precise bandwidth

|
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HBM2e topology in the Versal V80
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Throughput Results for HBM2 accessing different micro-switches: U280
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Memory Sandbox 2.0 Architecture: Telemetry

Why Telemetry?

- To better determine the correct state of the FPGA

- To characterize the FPGA when utilizing different resources

50.0K
- To profile designs on the FPGA .
: _
Architectural behavior matters but so does physical! i
£ 200K |
m -
10.0K [
- 4 505
O S BRI T

50 55 60 65 70 75 80 85
Base Logic Die Temperature (°C)
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(( s Kwon, Junhyeong, et al. "Temperature estimation of HBM2 channels with tail distribution of retention errors in FPGA-HBM2 platform." Electronics 12.1 (2022): 32.



Memory Sandbox 2.0 Architecture: Telemetry
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Memory Sandbox 2.0: Telemetry Results

- We achieve systematic correlation between telemetry and memory system behavior

Power and Temperature readings

Alvea U5
ws FPGA_TEMP (°C) == EVENTS == Total power (W)
90 - 30

Power (W)

Temperature (°C)




Conclusions

With our Memory Sandbox 2.0 we provide a modular and extensible framework designed to analyze
memory system behavior across performance and telemetry dimensions. By refactoring our original
tool, we have made it capable of easily integrating new memory technologies (such as HBM2e) and
supporting custom access patterns, enabling more systematic design space exploration.

With the enhanced parameterization and user interface improvements we allow developers to
replicate hardware-relevant memory behavior, such as sequential, pseudo-random, and sparse
patterns, without requiring a full accelerator implementation, as demonstrated with our
SpMV-inspired access pattern.

Moreover, moving most of the configuration parameters to runtime allows them to execute multiple
experiments on the same bitstream.

Each Configurable Pattern Generator (CPGs) can emulate diverse access schemes, allowing to study
how memory-bound accelerators or CPUs behave in heterogeneous computing environments.

To validate these capabilities, we are currently conducting a comparative analysis of HBM2 (Alveo
U280) and HBM2e (Versal V80) in terms of throughput, latency, and telemetry (temperature, power).




Future Work

V80 characterization

Side by side telemetry-throughput experiments

Trazer fueled pattern generation

V80 Telemetry improvements

*Unofficially, still under discussion: Inclusion of CPGs into Xilinx shells/IP.
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Throughput Results for several AXI Ports accessing PSCHO

15 Theoretical Maximum 14.4GB/s
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Ps-CH in different micro-switches
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HBM
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HBM DRAM DIES
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