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Disclaimer:
I am showing only a very tiny part of the picture

(in particular no GPU goodies)



Outline

• Many cores and parallelism 
(‘Power Wall’)

• Ongoing R&D Efforts

• Memory Speed and Bad Programming 
(‘Memory Wall’)

• Summary



The ‘Power Wall’



Moore’s law alive and well?2!



Moore’s law alive and well?3!
...but clock frequency scaling replaced by cores/chip 



Moore’s law alive and well?
The reason is that we can’t afford more power consumption

4!



Moore’s Law reinterpreted

• Number of cores per chip will double every two years

• Instruction parallelization (vectorization) increases

• Clock speed will not increase (or even decrease) because of 
Power consumption:

• Need to deal with systems of tons of concurrent threads and 
calculations

• In GPUs that’s reality already now

• We can learn a lot from game programmers! (*)

(*) thanks to all of you who fund their “research” by playing during office times ;-)

Power / Frequency
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From 2011 to 2012

It is not an academic problem !

2012

2011



Surviving in the short term (2012) 

CMS offline software memory budget !

Event specific data!

Read only data!
geometry,!
magnetic field, !
conditions and alignment,!
physics processes, etc!

Code!

~1.2 GB!

28!

CMS near future multicore strategy: "
 forking!

Event 
specific!
data!

Shared common data!

Event 
specific!
data!

Event 
specific!
data!

Event 
specific!
data!

Event 
specific!
data!

Event 
specific!
data!

30!

Forking

Possible because of our
“embarrassingly parallel’ problem 



Surviving in the short term (contd) Forking: throughput!

Short periods of  high parallelism 

Extended periods of  only 1 or 2 modules running 
Tracking!
Electron and muon finding!

33!

Problem for current Grid infrastructure:
Not all Grid centres are prepared for 

full allocation of a machine



CMS example

FNAL Concurrency  Workshop  20-Nov-2011Liz Sexton-Kennedy, Fermilab

Performance Profiles

‣ CPU usage in % 
vs. time (merge 
time is <1% of total 
job time)

‣ I/O and CPU in % 
vs. time

5

Stage Out to MSS

Monday, November 21, 2011

• No requirements on code 
quality, thread safety, etc

• Output file merging is the 
bottleneck in this approach

• However, it brings the LHC 
experiments through this year



Same with ATLAS

V. Tsulaia Nov-21, 201124

Efficiency: job size

• In order to compete in CPU efficiency with N single process 
Athena jobs (assuming that we have enough memory for 
those), we need to increase Athena MP job size
– Run one Athena MP job over N input files instead of running N 

Athena MP jobs over single input file each

https://indico.fnal.gov/getFile.py/access?contribId=7&sessionId=0&resId=0&materialId=slides&confId=4986

https://indico.fnal.gov/getFile.py/access?contribId=7&sessionId=0&resId=0&materialId=slides&confId=4986
https://indico.fnal.gov/getFile.py/access?contribId=7&sessionId=0&resId=0&materialId=slides&confId=4986


Framework Primer

Source
Output

Module

Digitizer Tracker
NTrack

Filter
Vertexer

Event

PATH keep?

yes

Experiment software follows the 
concept of a ‘software bus’



Surviving in the mid term

• Framework with the ability to schedule modules/
algorithms concurrently 

• Full data dependency analysis would be required 
(no global data or hidden dependencies)

• Need to resolve the DAGs (Direct Acyclic Graphs) 
statically and dynamically

Input Processing Output



Real-world example 

• Particular example taken from 
LHCb reconstruction program 
Brunel

• Gives an idea for the potential 
concurrency

• ATLAS or CMS just don’t fit 
on a slide...
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martedì 14 giugno 2011

Unfortunately it doesn’t work too well

Remember: tracking will become even worse with more with pile-up

Blindly assuming full thread safety



Amdahl’s Law

Maximum processing speed is limited by the serial part



Many concurrent events

• Need to deal with the tails of sequential processing

• Introducing Pipeline processing

• Never tried before in this context!

• Exclusive access to resources or non-reentrant 
algorithms can be pipelined (e.g. file writing)

• Need to design or use a
powerful and flexible 
scheduler

• Need to define the concept of
an “event context”

Time



M.Frank CERN/LHCb    16 

Model Result: 
Assuming full reentrancy"

❍  Max 10 events in parallel!
❍  Max 10 instances/algorithm!
❍  All algorithms reentrant!

Theoretical limit  
t = t1 / Nthread"

Max evts > 3  
Speedup up to ~30"

Max 2 events 
1 event * 2"

Max 1 event 
Algorithmic parallel limit 
Speedup: ~7"

One thread  
= classic processing (t1)"



M.Frank CERN/LHCb    21 

Model Result Top 4: 
Max. 10 instances of top 4 algorithms"

❍  Max 10 events in parallel!
❍  TOP 4 algorithms reentrant 

with max 10 instances!
❍  Cut 25 msec [4.3 %]!
Theoretical limit  

Max evts > 3  
Speedup up to ~30"

Max 2 events 
1 event * 2"

Max 1 event 
Algorithmic parallel limit 
Speedup: ~7"

One thread  
= classic processing (t1)"



2012

2013

2014

LHC 
shutdown

Today

R&D, technology 
evaluation and design of 

critical parts

Services and Integration 
Prototype I

Initial adaptation of LHC 
and Geant4 applications

Complete Prototype II 
with experience of porting 

LHC applications

First production quality 
release

Project definition

Moving to implementations

Straw Man Project Timeline• LHC experiments and big labs 
started concurrency forum (*) to 
discuss and tackle problems

• Development of functional 
components the experiments can 
choose from

• Collaborations have a huge 
investment in ‘algorithmic’ code 
based on their frameworks

• Currently in ‘demonstrator’ phase

• Adiabatic migration of algorithms

• Ambitious, but needs to be there 
in time for LHC re-start in 2015

(*) http://concurrency.web.cern.ch/

http://concurrency.web.cern.ch
http://concurrency.web.cern.ch


Writing thread safe data

• All event state is contained in an object accessed 
concurrently by hundreds of objects

• How to make such data thread safe?

• Transactional memory could be a solution!

• Treat memory access like DB transactions

• gcc 4.7 contains experimental support

• Future Intel CPUs will support it on HW level
(starting with Haswell in 2013)



What’s the problem?

3 

Problem 

Serial result: x=12; 
Parallel result: x=11; Serial result: x=12

Parallel result: x=11



What are the solutions?

4 

Mutex 

• Mutex (mutual exclusion) lock some part 
of code; only one thread can access it.  

mutex m; 
int i=1; 
void f(){ 
      m.lock(); 
      ++i; 
      m.unlock; 
} 

5 

Transactional Memory (TM) (1) Lock based transactional memory



Performance behaviour

16 
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based on transactional memory in gcc 4.7



SIMD
(Single Instruction - Multiple Data)



SIMD instructions

• Processors supporting Single Instruction, Multiple Data (SIMD) can execute 
one instruction on multiple data

• Successive standards of  SIMD instruction sets exist (MMX, SSE, SSE2, ... , 
AVX ) with ever increasing register size

CERN I EKP1st March 2012  |  Thomas Hauth - Entwicklung und Evaluierung von automatischer Vektorisierung in CMS3

SIMD Instructions in modern x86-64 CPUs

Pictures taken from http://software.intel.com/en-us/articles/introduction-to-intel-advanced-vector-extensions/

Processors supporting Single Instruction, Multiple Data (SIMD) can execute 

ONE instruction on MULTIPLE data

Computations are performed in dedicated parts of the processor: vector units

Many iterations of the SIMD instruction set in x86-64 CPUs exist (MMX, 

SSE, SSE2, … , AVX ) and newer versions feature larger register sizes

SSE2 

Virtually all CPUs since 2003

Register Size: Two double 

precision floating point values

AVX

Intel Sandy-Bridge (introduced 2011)

Register Size: Four double 

precision floating point values

SIMD is not multi-threading, all happens within one core !

• SSE2

• Basically all CPUs since 2003

• Two double precision floating point values

• AVX

• Since 2011 (Intel Sandy Bridge)

• Four double precision floating point values

CERN I EKP1st March 2012  |  Thomas Hauth - Entwicklung und Evaluierung von automatischer Vektorisierung in CMS3

SIMD Instructions in modern x86-64 CPUs

Pictures taken from http://software.intel.com/en-us/articles/introduction-to-intel-advanced-vector-extensions/

Processors supporting Single Instruction, Multiple Data (SIMD) can execute 

ONE instruction on MULTIPLE data

Computations are performed in dedicated parts of the processor: vector units

Many iterations of the SIMD instruction set in x86-64 CPUs exist (MMX, 

SSE, SSE2, … , AVX ) and newer versions feature larger register sizes

SSE2 

Virtually all CPUs since 2003

Register Size: Two double 

precision floating point values

AVX

Intel Sandy-Bridge (introduced 2011)

Register Size: Four double 

precision floating point values

SIMD is not multi-threading, all happens within one core !
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SIMD example

   double* x = new double[ArraySize];
   double* y = new double[ArraySize];

   ...
 
   for (size_t j = 0; j< iterations ; j++) 
   {
      for ( size_t i = 0; i < ArraySize; ++ i)
      {
         // evaluate polynom
         y[i] = a_3 * ( x[i] * x[i] * x[i] )
"         + a_2 * ( x[i] * x[i])  ""
" " +  a_1 * x[i] + a_0;
      }
   }

Just an ‘academic’ example: 



SIMD example

   double* x = new double[ArraySize];
   double* y = new double[ArraySize];

   ...
 
   for (size_t j = 0; j< iterations ; j++) 
   {
      for ( size_t i = 0; i < ArraySize; ++ i)
      {
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         y[i] = a_3 * ( x[i] * x[i] * x[i] )
"         + a_2 * ( x[i] * x[i])  ""
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   }

+ 
gcc4.6 and -ftree-vectorize

Just an ‘academic’ example: 
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Turning that into reality

CERN I EKP1st March 2012  |  Thomas Hauth - Entwicklung und Evaluierung von automatischer Vektorisierung in CMS8

Vertex 1

Real World Example: Vertex Clustering

Part of the CMSSW Reconstruction software

Tracks are the input and the amount and location of primary vertices 

along the Z-Axis is computed using the Deterministic Annealing 

algorithm

Nested loops over tracks and vertices have to be performed many 

times → Ideal for vectorization

This clustering step represents 3% of the overall reconstruction runtime

Beamline +Z-Z
0

Particle Tracks

Vertex 2

Particle Tracks

CERN I EKP1st March 2012  |  Thomas Hauth - Entwicklung und Evaluierung von automatischer Vektorisierung in CMS10

Combining Vertex Clustering and vdt math library

After vectorizing the code, 60% of the time spend in the Vertex 
Clustering algorithm is calculating the exponential function

Perfect opportunity to utilize the vdt math library which provides a fast 
and vectorized exponential function

By replacing the stdlib exp() with the vdt version and using the 

vectorized version of Vertex Clustering, the runtime of this module was 
reduced by more than a factor of two

The physics output is identical to the regular version

Version Runtime for 50 Events [s] Ratio [1]

Regular 26.64 1.0

Vectorized 19.96 0.74

Vectorized + vdt math 11.46 0.43



Long-term solution

• What do we do once the parallel scheduling of modules doesn’t work 
any more?

• We need to split up our modules and algorithms into smaller pieces 
(‘kernels’) that run parallel in the CPU or on GPUs

• Tracking will be the most important piece

• I/O will rank second

• Many competing technologies around:

• MIC, GPGPU, OpenCL, CUDA, ...

• So what’s the potential?

• Let’s have a look at 
what people already did...
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Parallel Tracking Status

• ATLAS already made some efforts

• Found a potential for an improvement by an order of magnitude

• Implemented seed finding for Level-2 trigger

• Raw data pre-processing for Level-2 trigger

• ALICE trigger using simplified GPU-based tracking

GPUS ARE ALREADY IN USE (ALICE)
• Trigger in the Alice experiment needs to be able to 

reconstruct thousands of tracks within parts of a second!

• GPUs are used to stay within time budget

Ü B E R B L I C K

 © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Physik Journal 10 (2011) Nr. 1 27

exemplarisch genannt: Reduktion der Matrixopera-
tionen zu direkten Operationen mit nicht trivialen 
Elementen, explizites „loop unrolling“, Sprungvermei-
dung, Zusammenfassen von Funktionsaufrufen, Neu-
ordnung der Berechnungen zur optimalen Ausnutzung 
der Prozessorpipeline.

Ein anderer wichtiger Schritt, um die Rechenleis-
tung zu optimieren, ist die Vektorisierung. Nachdem 
alle Spuren unabhängig sind, lassen sie sich entspre-
chend unabhängig berechnen. So werden dann aus 
den Ortskoordinaten Vektoren mit k Ortskoordinaten, 
wobei k die Anzahl der Elemente pro Vektor ist (derzeit 
vier bei Intel- oder AMD-Prozessoren). Hier kommen 
die besprochenen Vektorklassen zum Einsatz [5]. Diese 
Vektorisierung ergab eine weitere unabhängige Ge-
schwindigkeitssteigerung um den Faktor 3,7. Die über 
alles gemittelte Geschwindigkeitssteigerung, die sich 
nur durch den optimierten Algorithmus für moderne 
Computer ergibt, beläuft sich auf den Faktor 40. Von 
besonderer Bedeutung ist die Tatsache, dass all diese 
Optimierungen, die ursprünglich für GPUs gedacht 
waren, gleichermaßen auf jedem marktüblichen Intel- 
oder AMD-Prozessor realisierbar sind.

Der nächste Schritt ist es, die Spurrekonstruktion 
auf einer GPU tatsächlich durchzuführen. Hierbei 
müssen die Daten und alle notwendigen Konfigurati-
onsparameter zunächst in den Speicher der GPU gela-
den werden, um dann den Algorithmus auszuführen. 
Die zwei Endkappen der TPC (vgl. Abb. 1) bestehen aus 
jeweils 18 unabhängigen Sektoren, die sich auch unab-
hängig berechnen lassen, da keine relevanten Teilchen-
spuren von einem Sektor zu einem anderen wechseln 
können. Das erlaubt eine Pipelineverarbeitung der 
einzelnen Sektoren. Teile der Rekonstruktionssoftware 
laufen effizienter auf CPUs, wie später gezeigt wird, 
andere sehr viel besser auf GPUs. Deshalb können 
nach der Initialisierung sowohl die CPU als auch die 
GPU verschiedene TPC-Sektoren gleichzeitig berech-
nen, während zusätzlich relevante Daten von der GPU 
direkt in den Hauptspeicher übertragen werden.

Für die eigentliche Berechnung steht im Vergleich 
zum Prozessor wesentlich mehr Parallelität zur Ver-
fügung, die es aber auch entsprechend zu nutzen gilt. 
Die Spurrekonstruktion besteht aus den Einzelschrit-

ten „Neighbours Finder“, „Tracklet Constructor“ und 
„Tracklet Selector“, wobei der „Tracklet Constructor“ 
den mit Abstand größten Anteil der Rechenzeit er-
fordert. Hier wird jeweils eine Spur pro GPU-Thread 
berechnet. Das führt aber dazu, dass alle anderen 
Threads eines Multiprozessors warten müssen, bis die 
längste Spur fertig berechnet ist. Das bedeutet große 
Ineffizienzen (Recheneffizienz < 20 %). 

Wesentlich effizienter ist es, alle Spuren nur bis zu 
einer bestimmten Maximallänge zu berechnen und 
danach alle noch unfertigen Spursegmente mit einem 
hierfür speziell entwickelten Scheduler neu auf die 
Rechenwerke zu verteilen. Ein Vorfilter entfernt dabei 
besonders kurze Spursegmente aus den Listen. Für 
höchste Effizienz bearbeitet der Scheduler mehrere 
TPC-Segmente gleichzeitig, sodass immer genügend 
Spurdaten zur Verarbeitung stehen. Damit lässt sich 
eine Effizienz von 70 Prozent erreichen.

Die weiteren Rechenschritte „Neighbours Finder“ 
und „Tracklet Selector“ werden ebenfalls auf der GPU 
ausgeführt, um den Datenaustausch zwischen Host 
und GPU zu minimieren. So ist der „Tracklet Selector“ 
auf der GPU im Vergleich zur CPU langsamer, aber 
er reduziert die Größe des Datensatzes erheblich, wo-
durch es trotzdem ökonomisch ist, ihn auf der GPU 
auszuführen, da weniger Daten zu übertragen sind. 

Abb. 5 Für eine simulierte Kollision von 
Blei-Ionen lässt sich die Leistungs-
fähigkeit von CPU (mit vier Prozessoren, 
rot) und GPU (blau bzw. grün) anhand 
der Zeit (in µs) vergleichen, die für die 
verschiedenen Rechenschritte nötig sind. 
Diese sind in ihrer Reihenfolge im Pro-
gramm von links nach rechts angeord-
net. Besonders schnell sind die GPUs 
beim Finden der Nachbar-Hits und bei 
der Spurkonstruktion. Ganz rechts ist die 
Gesamtzeit (ms) aller Rechenschritte 
 dargestellt.
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Abb. 6 Die Visualisierung einer im High 
Level Trigger (HLT) online rekonstruier-
ten Blei-Blei-Kollision (event display) 
bei 2,76 ATeV zeigt eine perspektivische 
Darstellung der TPC-Spuren (links). Man 
erkennt deutlich die verschiedenen ge-

krümmten Spuren. Rechts oben ist die 
Frontalansicht auf die Endkappe der TPC 
zu erkennen und rechts unten die ent-
sprechende Seitenansicht. Man sieht 
hier sehr deutlich, dass die Spuren von 
einem Vertex entstammen.
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The Memory Wall



Memory Speed Development

More than a factor 100 !



The ‘Memory Wall’

• Processor clock rates have been 
increasing faster than memory 
clock rates

• Latency in memory access is often 
the major performance issue in 
modern software applications

• Larger and faster “on chip” cache 
memories help alleviate the 
problem but does not solve it

– Processor clock rates have 
been increasing faster than 
memory clock rates!

–  larger and faster “on chip” 
cache memories help 
alleviate the problem but 
does not solve it!

– Latency in memory access 
is often the major 
performance issue in 
modern software 
applications!

5!

Core 1 Core n  … 

Main memory:!
200-300 cycles!



Caching
• Caching is - at distance - no black magic 

• Usually just holds content of recently accessed memory 
locations 

• Caching hierarchies are rather common:

Scott Meyers, Software Development Consultant © 2010 Scott Meyers, all rights reserved.
http://www.aristeia.com/

CPU Caches and Why You Care

Scott Meyers, Software Development Consultant
http://www.aristeia.com/

© 2010 Scott Meyers, all rights reserved.

Slide 19

Effective Memory = CPU Cache Memory
From speed perspective, total memory = total cache.

� Core i7-9xx has 8MB fast memory for everything.
�Everything in L1 and L2 caches also in L3 cache.

� Non-cache access can slow things by orders of magnitude.

Small � fast.

� No time/space tradeoff at hardware level.

� Compact, well-localized code that fits in cache is fastest.

� Compact data structures that fit in cache are fastest.

� Data structure traversals touching only cached data are fastest.

Scott Meyers, Software Development Consultant
http://www.aristeia.com/

© 2010 Scott Meyers, all rights reserved.

Slide 20

Cache Lines
Caches consist of lines, each holding multiple adjacent words.

� On Core i7, cache lines hold 64 bytes.
�64-byte lines common for Intel/AMD processors.
�64 bytes = 16 32-bit values, 8 64-bit values, etc.
�E.g., 16 32-bit array elements.

Main memory read/written in terms of cache lines.

� Read byte not in cache � read full cache line from main memory.

� Write byte �write full cache line to main memory (eventually).

byte

Cache
Line

Scott Meyers, Software Development Consultant © 2010 Scott Meyers, all rights reserved.
http://www.aristeia.com/

CPU Caches and Why You Care

Scott Meyers, Software Development Consultant
http://www.aristeia.com/

© 2010 Scott Meyers, all rights reserved.

Slide 15

Voices of Experience
Jan Gray (from the MS CLR Performance Team):

If you are passionate about the speed of your code, it is imperative 
that you consider ... the cache/memory hierarchy as you design 
and implement your algorithms and data structures.

Dmitriy Vyukov (developer of Relacy Race Detector):

Cache-lines are the key! Undoubtedly! If you will make even single 
error in data layout, you will get 100x slower solution! No jokes!

Scott Meyers, Software Development Consultant
http://www.aristeia.com/

© 2010 Scott Meyers, all rights reserved.

Slide 16

Cache Hierarchies
Cache hierarchies (multi-level caches) are common.

E.g., Intel Core i7-9xx processor:

� 32KB L1 I-cache, 32KB L1 D-cache per core
�Shared by 2 HW threads

� 256 KB L2 cache per core
�Holds both instructions and data
�Shared by 2 HW threads

� 8MB L3 cache
�Holds both instructions and data
�Shared by 4 cores (8 HW threads)

Very tiny compared to main memory!



Dominated by data movement NOW!"
We use only 15% of availiable “d”flops!

15!

60% “active”!

50% 
“computation !
on single/double 
word”!



Where are we now?
Where are we now? 

 

25/04/2012 Andrzej Nowak - Current and future developments in commodity computing 
and many-core 12 

SIMD ILP HW THREADS CORES SOCKETS 

MAX 4 4 1.35 12 4 

TYPICAL 2.5 1.4 1.25 8 2 

HEP 1 0.55 1 6 2 

SIMD ILP HW THREADS CORES SOCKETS 

MAX 4 16 21.6 259.2 1036.8 
TYPICAL 2.5 3.5 4.375 35 70 

HEP 1 0.55 0.55 3.3 6.6 
Thanks to Andrzej Nowak for the table

http://indico.cern.ch/getFile.py/access?contribId=2&resId=0&materialId=slides&confId=186554

http://indico.cern.ch/getFile.py/access?contribId=2&resId=0&materialId=slides&confId=186554
http://indico.cern.ch/getFile.py/access?contribId=2&resId=0&materialId=slides&confId=186554


Little Reminder - vtable

+hits()
+p4()

RecoParticle

+hits()
+p4()

Muon

hits()
p4()

Method
RecoParticle::hits
RecoParticle::p4

Implementation

hits()
p4()

Method
Muon::hits
RecoParticle::p4

Implementation

The virtual table tells which code to execute when dealing 
with polymorphism



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

Let’s consider the following code and it’s first execution:



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

Create Iterator



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

vtable of Iterator



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

vtable of object
+ object



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

method code



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

Fetch into Cache



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

vtable + method code



The death for any cache

for (DaughterIt it = m_daughters.begin(); 
     it != m_daughters.end(); ++it)
{
    m_p4.Add( it->p4());
}  

+ 
every ugliness inside 

the method code



That were quite a few cache misses, 
for a rather simple operation:

...
m_px += x
m_py += y

...



Identifying a way out

• Cache misses are evil

• Put data that are used together closer together

• This usually crosses object boundaries

• But only rarely collection boundaries

• “Arrays of Structs” vs. “Structs of Arrays” 

• A particle collection becomes a collection single px, py, pz, ... vectors

• vtables cause a good fraction of cache misses

• In principle every conditional statement spoils branch prediction and caching 

• Design your software around the most efficient data structures 

• “Data Centric Programming”

• Doesn’t data locality contradict OOP principles and requirements?

%&*!&  !!!



But is that really such a big problem?

• OOP as dreamed of in the books

• It combines data and algorithms into a single entity

• It ensures that the developer does not need to code up the control flow explicitly.

• We already violate this with the software bus model 

• The stored objects are mainly only data

• We define the control flow explicitly

•  Data transformations happen in modules

• ‘Deprecated’ FORTRAN-legacy might 
turn out to be not so bad after all... 

Transient and Persistent data representations
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Illustration 3.4 (a) The interaction of Algorithms with the transient data store
(b) Persistent and transient representations



What’s ahead of us?

•  We have to choose with more thought when to follow which 
programming paradigm 

• Many identical data chunks & high throughput => data oriented

• Small number of objects & heterogenous data => object oriented

• For reconstruction we have to redesign our data formats to become 
even dumber

• Expert operation !

• Helps with auto-vectorization as well! 

• Analysis and other cases much more heterogenous 

• We need a “data-to-smart object” translation layer. But where?!

• A lot of trial-and-error R&D needed



Situation Summary

• There are limits to “automatic” improvement of scalar 
performance:

• Power Wall: clock frequency can’t be increased any more

• Memory Wall: access to data is limiting factor

• Explicit parallel mechanisms and explicit parallel programming 
are essential for performance scaling

• Various R&D efforts going on these days

• Exciting times if you are interested in programming!



Challenges Summary
• Process multiple forked jobs in parallel

( ~ now )

• Run modules and events concurrently
( ~ 2014 )

• Split our algorithms into smaller chunks which can be run in 
parallel, potentially on co-processors (e.g. GPU)
( ~ 2014 )

• We have to start using Single-Instruction-Multiple-Data (SIMD)
( as soon as possible )

• We have to learn how to properly separate the 
“object world” from the “data world”
( ILD / Belle II / SuperB ? )

Shutdown for 
S-LHC preparations

Shutdown for 
LHC-Upgrade

2013 2014 2015 2016 2017 2018

High Energy & Lumi Run
(13 TeV)

Low Lumi Run
(8 TeV)



That’s it :-)


