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Introduction & Objectives

Goal: Trace the transformation of scientific computing infrastructure.

Starting Point: The Landscape of 2002 (Grid & HPC era).

Ending Point: Today Landscape (AI, Exascale, Cloud-Native).

Focus:

• Technological shifts (Hardware/Software).

• Human roles

A Rapid Journey Through Two Decades



Why 2002 ?  



Top500: november 2001 







2002 HPC Landscape 

Dominant Paradigm: High-Performance Computing (HPC) & Early Grid.

Primary Users: Large scientific communities (Physics, Astronomy, Climate).

Infrastructure:
• Physical clusters located in university and national labs
• hundreds of cpu
• Dedicated network links  ( myrinet )

Access: Batch processing, long queue times, remote login..

The Era of Dedicated Clusters 



GRID computing era (2000-2010)

The Vision: Just as you plug a device into a wall socket without knowing which power

plant generated the electricity, researchers should plug into the Grid without

knowing which supercomputer runs their job.

Compute as a Utility: The Electrical Grid



The great GRID success: WLHC 

Success: Proved distributed computing at scale 
works.Failure: Required too much expertise (SysAdmin-level 
skills).Lesson: Infrastructure must be invisible to the end-
user.



GRID computing era ( 2000-2010)

The Reality

• Complexity: Unlike a wall socket, the "plug" required complex certificates,

manual configuration, and job scripts.

• Reliability: Power is stable; Grid jobs often failed due to network glitches or site

maintenance.

• Usability: Required specialized training (SysAdmin level) rather than simple

access.

Compute as a Utility: The Electrical Grid



Our challenge: use it outside HE and Europe. 



EGEE comes to an end (2010) 



Legacy of the EGEE

Success: Proved distributed computing at scale works.

Failure:

• Required too much expertise (SysAdmin-level skills).

• Few scientific communities on board

• HPC and GRID remains quite separate

Lesson: Infrastructure must be invisible to the end-user.



The 2010x Transition 

Shift: From Bare Metal to Virtual Machines (VMs).

Drivers:
• Cost efficiency (multi-tenancy).

• Flexibility in resource allocation.

Emerging Tech:
• OpenStack for private clouds.

• AWS/Azure for burst computing.

Impact: Decoupling software from specific hardware.

Virtualization & The Cloud Wave



But we still believed in GRID :-)



Top500 Evolution

2008:  a new metric added 
Power consumption (Mwatt)

Metric Shift: Energy efficiency (FLOPS/Watt) begins to matter.

2013:  The first Green500   



Exascale expectation 



Why Was Exascale not reached in time ?  

The Power Wall

The Memory/I/O Bottleneck

System Reliability

Software Rewrite Complexity



Exascale at the end… 



AI & HPC Convergence

The Convergence:
• Traditional HPC: Physics-based simulation (CFD, Climate).

• AI Workloads: Data-driven models (LLMs, Foundation Models).

HPC-AI: Hybrid workflows (AI for Science, Digital Twins, Surrogate Models).

Hardware Shift:
• GPU Dominance: Standard compute nodes now include NVIDIA Hx00/Bx00 or 

AMD MI300.

• Specialized Accelerators: NPUs and TPUs integrated into HPC clusters.

• Liquid cooling system 

The New Paradigm: Simulation + Data + Generative AI



SC25: More Pumps than Processors 

From: https://www.hpcwire.com/2025/11/26/sc25-observations-more-pumps-than-processors/



From infrastructure to digital 
ecosystem 

DATA is at the core of the 
scientific process and its 

appropriate FAIR 
management links physical 

space to the digital 
dimension



Our  modest approach…



Digital Ecosystem  components 

3 .  B r a i n w a r e
• P e o p l e   

2 .  S o f t w a r e
• To o l s  a n d  C o d e s
• D a t a

1 . H a r d w a r e  
• O r f e o  i n f r a s t r u c t u r e  



Where are the human effort going ? 

Training and education– and 

adapting it to AI tools – remains a 

focus.



2014:   www.mhpc.it 

3 .  B r a i n w a r e
• P e r s o n e

2 .  S o f t w a r e
• C o d i c e
• D a t i

1 . H a r d w a r e  
• O r f e o  i n f r a s t r u c t u r e  

•The Convergence:Traditional HPC: Physics-based 
simulation (CFD, Climate).
•AI Workloads: Data-driven models (LLMs, Foundation 
Models).
•HPC-AI: Hybrid workflows (AI for Science, Digital Twins, 
Surrogate Models).
•Hardware Shift:GPU Dominance: Standard compute nodes 
now include NVIDIA H100/B100 or AMD MI300.
•Specialized Accelerators: NPUs an TPUs integrated into HPC 
clusters.
•Interconnects: 400GbE/800GbE InfiniBand for AI training 
traffic.



2024:  www.mdmc.it 

3 .  B r a i n w a r e
• e r s o n e

2 .  S o f t w a r e
• C o d i c e
• D a t i

•The Convergence:



Grazie per l’attenzione!

Area Science Park

Padriciano 99, Trieste-italia

www.areasciencepark.it

http://www.areasciencepark.it/
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