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The Big Picture for HEP in 
the 10 Year Timescale

• Ultimately we need to guarantee that we can do desired 
physics at scale and at a cost that funding agencies can pay. 

• What we are driven by: 

• The physics objectives of our experiments and the timeline 
of data-taking 

• Evolution of technologies we use: hardware, operating 
systems, Grid/Cloud, compilers, etc. 

• Resource limitations or limitations imposed by resource 
providers
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Resource Limitations
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• There is a large error bar but let’s say it will cost 2CHF/HS06 in 2027
Bernd-Panzer Steindel (Hardware technology trends 2015)

Improvement = factor 7.5 
At 20% increase/year 



Our Current Projections
• From Simone’s ECFA talk
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• From CMS estimations



Putting It Together

• CMS and ATLAS dominate the computing costs of HL-
LHC 

• Their projections agree to within the large margin of 
error 

• 250M-HS06 * 2CHF/HS06 is 0.5 Billion CHF just on 
CPU + 0.5 Billion for storage? 

• That’s comparable to the entire run4 upgrade cost… 

• CPU is the easier part, storage is even harder
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Unaffordable!



Dominant Costs
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• Creating simulation and reconstruction datasets drive the 
CPU costs 

• Needs for distributed analysis drive data movement and 
storage costs 

• For these reasons I will start with the road maps outlined 
by the simulation and reconstruction working groups and 
then move to the analysis working group



• Simulation is an area in which we already have an engine and 
related community tools, the Geant family of tools, and 
Geometry modelers. 

• In this area it is clear that there is tension between the 
evolutionary vs. revolutionary approach. 

• This WG makes the case that the best strategy is one in which 
Geant4 remains the workhorse that advances in GeantV can be 
back ported to. 
• G4 needs continued investment in physics and technical 

performance, that is continually validated by the experiments. 
• G5 will need to make intrusive data marshaling API changes; 

needed to get dramatic speed improvements that take 
advantage of all of the silicon on modern chips 
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Simulation -2
• Of course there is more that goes into making simulation 

samples:  

• G4 hits have to be made into digitized detector signals and 
those have to be overlaid with signals from minBias 
interactions according to a model of the luminosity profile 
expected (or observed).  Called readout modeling, or 
Digitisation 

• MC truth information has to be handled and passed to 
analysis 

• The digitized signals are then compressed into the RAW 
data format of the experiment and the same reconstruction 
is run as you would the collected detector data. 
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Simulation-Program of Work
• Continued work on VecGeom, facilitating experiment adoptions and back 

porting to G4  in order to make the modeling of complex detectors 
computationally more efficient, modular, and transparent; 

• Promote common solutions for detector geometry descriptions that service 
the needs of simulation and experiment reconstruction, DD4hep 

• Review the physics models assumptions, approximations and limitations of 
the simulation engine in order to achieve higher precision, and to extend 
the validity of models up to FCC energies 

• Improving technical performance on emerging computing architectures 
e.g.  Single Instruction Multiple Data (SIMD) vectorization, Non-uniform 
Memory Access (NUMA) hierarchies, offloading to Many Integrated Core 
(MIC), Graphic Processing Unit (GPU), and Tensor Processing Unit (TPU) 
architectures;
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Simulation-Program of Work-2
• Exploring fast simulation options, including common 

frameworks for fast tuning and validation using Machine 
Learning (ML); 

• Developing techniques for background modeling, 
including contributions of multiple hard interactions 
overlapping the event of interest (data overlay, ML) 

• Revisit digitization algorithms to improve performance by 
means of vectorization and sub-system parallelization 
techniques.  Exploring opportunities for code sharing 
among experiments when sharing readout electronics.
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Reconstruction
The reconstruction WG identified broad areas of R&D for 
algorithms and approaches:  

 1. Enhanced vectorization programming techniques  
 2. Algorithms and data structures to efficiently exploit many-
core architectures  
 3. Algorithms and data structures for non-x86 computing 
architectures (e.g., GPUs, FGAs)  
 4. Enhanced QA/QC approaches for reconstruction 
techniques  
 5. Real-time analysis  
 6. Precision physics-object reconstruction, identification and 
measurement techniques  
 7. Fast software trigger and reconstruction algorithms for 
high-density environments
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Reconstruction -2
• Whether it is reconstructing the simulated data or detector data, 

reconstruction is the most expensive processing step for many 
experiments operating 10 years from now. 

• The previous slide outlines the needs and opportunities to 
achieve affordability by working on the software tools and 
methods. 

• Another avenue of attack is to design the detectors with 
reconstruction costs in mind. 

• For the tracker layout there is a paper on this topic from 
ICHEP https://pos.sissa.it/archive/conferences/282/194/ICHEP2016_194.pdf  

• ATLAS has a factor of 2 difference in cost between their LOI 
detector and their TDR

12

https://pos.sissa.it/archive/conferences/282/194/ICHEP2016_194.pdf


Analysis Software and 
Facilities 

• Analysis is the one area that it is really impossible to separate thoughts 
about the software from the facility. 

• Looking back at slide 4, you can see that there is significant cost devoted 
to analysis. 

• It is an area that is dominated by our least savvy S&C colleagues and 
therefor has a lot of room for improvement. 

• We learned at the Analysis Ecosystem workshop that while the different 
experiments draw the line between central and distributed analysis 
differently, we all do the same things. 

• Partially this is the nature of the problem 

• Partially this is the result of using the same tool set, ROOT
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Analysis - 2
This white paper outlines many promising avenues of investigation: 

1. Establish PyROOT support and identify other needed measures to 
promote python as a first class language. 

2. Modularization and plugin support plan and roadmap for ROOT  

3. Inventory the needed bridges, connectors and converters, identify which 
are missing or need further work, develop workplans for them 

4. Interfacing external ML tools: inventory the needs and develop workplans  

5. ROOT I/O performance analysis and tuning 

6. Assess the relevance of AaaS and notebook for the analysis community 

7. R&D on how new hardware technologies could affect the analysis tool 
chain, Spark clusters and similar…
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Physics Generators
• The jury is out on how much computing needs to be spent 

on event generation. Different experiments have chosen 
different cost/benefit solutions. 

• It is an area where we already share common software as 
it comes from the theory community. 

• The computational challenges involved lend themselves to 
super computer exploitation, however much of the 
implementation code is not ready for that. 

• Judging from the outline and participants, I have high 
hopes for this one: https://www.overleaf.com/read/wyyybnvxyfyn#/36111595/ 
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Event Processing 
Framework

• A group consisting of everyone who has ever written an event 
processing framework… 

• There is an attempt to define common terms that help us 
understand that the different experiments do not have widely 
different needs.  

• Never the less there is disagreement about the feasibility of a 
common solution even though it is recognized that this is needed 
for modernization sustainability. 

• Investigate the possibilities of increasing the sharing of 
existing frameworks and framework components. Is it possible 
to reduce the number of existing frameworks?
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Framework -2
• It is recognized that frameworks have a central role in 

supporting the porting of applications onto advanced 
architectures and HPCs 

• Investigate alternatives to TBB which include support for 
heterogeneous resources and HPC facilities. 

• Improve the understanding of the interplay between WM and 
FWK, and also the tradeoffs between multi-threaded 
application and heavy weight cooperative process frameworks 

• Come up with a way of accommodating multi-event tools like 
GeantV in the framework
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Crosscutting Topics
• Machine Learning 

• It is a promising tool that offers exciting possibilities to solve 
our simulation, reconstruction and analysis domain problems 

• Careers, Staffing and Training 

• Software Development, Deployment and Validation/Verification 
WG 

• This area is essential in building on our legacy 

• Software captures our domain knowledge from matrix 
element calculations to the detector understanding built into 
the reconstruction
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Solved Problems
• Conditions Database WG 

• Visualization WG 

• The target of opportunity in the above areas is to 
increase commonality among experiments and thereby 
decreases manpower. 

• The Visualization working group has also concluded 
that there is a need to modernize and adopt industry 
tools thereby getting much more bang for the same 
about of effort.
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Conclusions
• There is a field wide, large challenge ahead of us on the timescale of 10+ years. 

Limitations of power, cooling, and funding will not allow us to keep our current 
software paradigm, nor our current mode of computing resource provisioning. 

• We need to attack this challenge from many angles  

• by maximizing the scientific computing infrastructures available to do science 
10 years from now. 

• by developing innovative and efficient software solutions for the domain we 
know today 

• designing detectors that give us handles to minimize computational costs, 
throughout the data flow from detector to insight  

• This is a big challenge but think of the scientific harvest that this unprecedented 
build up of scientific facilities and capabilities could bring the field 

• In the face of so much uncertainty it is vital that we continue to talk to each other 
(discover something that seems to change all previous assumptions and go off 
on a tangent?) March 26-2018 20


