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Introduction

* Track 1 had alot of high quality contributions
* They cover a very wide field of software and hardware techniques
and technologies

* A selection will be presented and some synthesis attempted

“Not mentioned” does not mean “not interesting”



Statistics

* 39 abstracts submitted (1 moved to plenary)

20 talks accepted, 1 short-term cancellation

17 posters accepted out of which 15 were actually shown



Fabrics, infrastructure, power, data-placement,
workload engines and all that...



Managing power

* Introduce hibernation policy = power
savings

e Can be made more efficient using
preemptible jobs

» Adapting to varying prices = cost saving

* How to properly integrate what the users
really want?

* Machine Offline

Machine Online

Average Power Consumption of Machine
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Jobs * Do Nothing
starting
promptly
Jobs * Wake machine if:
waiting in * Atleast 30
queue minutes since
last
hibernation

Greg Corbett “Reducing power
consumption on demand”




Using HPC resources

Konrad Meier “Dynamic provisioning of a HEP
computing infrastructure on a shared hybrid
HPC system ”

Dynamic Virtualization @ hybrid HPC Cluster

1. Submit job
to local batch

2. ROCED continuously
monitors demand for

system computing resources
Karlsruhe
}8% ROCED
HTCondor

Batch System

SIS[S

GridKa/DESY

Institute of Physics

HEP Storage

7. Input and output to
HEP storage (e.g. GridKa)

3. ROCED sends batch
job containing VM
request to Freiburg

Flexible
Resource
Management

Job Flow

oh| Data Flow
011" SRM, XRootD, ..

bwForCluster ENM

6. Jobs get scheduled on
virtualized HEP worker node

4. StartVM script
scheduled in Freiburg,
requests VM on
allocated HPC node

Freiburg/

Moab Batch System
+ StartVM script

openstack

5. VM integrates in
local batch system
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. Markus Fasel “Using NERSC High-Performance
U Sl ng H PC resources I I Computing (HPC) systems for high-energy

nuclear physics applications”

IVIPI slots

Tool which runs multiple serial ﬂode1
jobs as a MPI job — ”Odez best suited resources to

mﬂﬂg our problems

*  Submitter: * However they do exist
* Splits a master into n sub jobs ng and we do have access to

+  Worker (MPI): y
node 2 nng them
— HEA

* Runs the subjobs (payload)
~_ * Running here can bring
node 3 E-g

* Job description: config, json, xml master
considerable resources

* HPCs not generally the

Key facts:

PYTHON, mpidpy
BSD type hcense

e Standardisation...?

https://bitbucket.org/berkeleylab/ master2 ---

2

» Named after the bio-chemicist Getry Cori
* Connected to

Hiding complexity of resource management for the user| I -ustesgratchigiSgstem

* Burst Buffer

node 3

See also posters “Integration Of PanDA Workload Phase 1 Phase 2

Management System With Supercomputers for ATLAS and » Started December 2015~ * Planned for late 2016

i Int o e . * 2K Haswell nodes * ~9K Knight Landing
ata Intensive Science « 32 cols [ nod® o

“Scaling up ATLAS Event Service to production levels on + 128 GB RAM / node * 60+ cores / node

opportunistic computing platforms” * 96 GB/node
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Gang Qin, Dave Britton et al. “Cluster
optimisation using Cgroups”

Job Discription CPU Req. | MEM Req. |Mem Needed?|  Saving
. . 1 |ATLAS Multicore Simulation 8 16 10-12 25% - 38%
’ ContammenF of JOb 2 |ATLAS Multicore Reconstruction 8 16 16 0%
FESOUrces using 3 |ATLAS Single-core Simulation 1 3 1.8 40%
Cgroups 4 |ATLAS Single-core Analysis 1 4 18 55%
* Careful monitoring ™5™ [at(as sequential Single-Core Analysis 1 4 1.8 55%
of many jobs 6 |ILCVO Jobs 1 2 1.2 40%
* Have observed 7 |PhenoGrid VO Jobs 1 2 1.2 40%
minimal < 2% run- [ g [Gridpp vo Jobs 1 2 1.2 40%

time impact by
limiting resident

memory to 75% of | gp, this basis, we reduced memory allocation of all single core jobs to

requested (needs 1.8GB for the last 6 months:
to be validated for

different work-
loads)

For detecting problems see also: Eileen Kuehn, Manuel Giffels “A scalable architecture for
online anomaly detection of WLCG batch jobs” 8




Use data-popularity for caching

i

HTDA Batch System Extension

&. High Throughput Data Analysis

- Coordinator §-

SIS | arker qrker arker
'§E;°\ " Cache " Cache Cache [ £ -
S S | \ \
é\ b(.}
S @
_\‘}@ §@ -SQ".* ®m Caches maintain data copies on worker nodes
S
o S 9 . . . s :
e & ® Locator provides locality information for jobs

o . .
w ® Coordinator schedules files for caching on nodes
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Eventlndex uses 350 B/
event

Allows event-picking and
counting and duplicate
detection:

Uses ActiveMQ and central
Hadoop infrastcture at
CERN

Objective: Find the
data | want!

Fedor Prokoshin “The ATLAS Eventindex:
data flow and inclusion of other meta-data”

STOMP performance:
PRODUCER e gver 350 msg/s
@GRID_SITE1
g * 10Mb/s per Producer.
- A ’

/' @TERo
9|8 7 6 s
alr|n|n|o]|e 7\/\;TOMP \
[ ACTIVEMQ
PRODUCER '\ BROKERS
@GRID_SITE2 /\\_v

/— PRODUCERS

4 brokers: .
2 @CERN .—
2 @Wigner

sV ‘

4 5|4

CONSUMER
@CERN

CONSUMER#1 3

PRODUCER

@GRID_SITEN

CONSUMER#2 | | 1

Measured performance for sending real events:
* 200K event/s
* 60Mb/s

-

HADOOP

(1Broker, 6 Producers, 4 Consumers, 50K events/job)
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“Will these data be popular?”

Valentin Kuznetsov , Daniele Bonacorsi
“predicting CMS dataset popularity”

Related study done in LHCb

optimization using
Event Index”

POPULARITY METRICS

Define popular dataset as those
which passed a given cut, perhaps
even combined cut

A good choice:

« # accesses> |0 & tot CPU hrs
>0

Train model (see next) and look at
FP yield

Study cut effect on yield of FP vs
data tier

TPR
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Nikita Kazeev “LHCb data processing

12



;RE MOTE 1

,REMOTENQf = "
sk

— Qutput data flow

---------- Links between
remote sites

Forwarding allows using full
topology of scientific internet

In a world with thin pipes, varying CPU and disk
resources and network links:
How do we best schedule processing?

All you need is a (better) plan

Plan execution

Handler

@ Service
runs at each site

@ Sends status data

e Executes the plan

When a new file arrives:

Process the file
(if NCPUfee > 0)

OR Forward it over one of
the links (if 3F; > 0),
decrease F;

OR Keep the file until

a new plan or
a free CPU appears

receive

NCPU, >0

free

2. start processing

F,=0
F;>0

2. forward

NODE
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Large scale simulation of planner

11 sites
50 kCPUs
500 k jobs
100
S P A\
7'; 80
g 60 — sta
g 40 — PLANNER
2 20
|_
0

0 2 4 6 8 10 12 14 16 18 20 22
Time (days)

Much higher CPU utilization
Adaptive!

15



Leveraging the resources in the Online
clusters

Move processing toward online
domain requires storage (Online QA,
real-time calibration, ...)

Users can store and recover data to a
local storage while running jobs — “a”
global space helps share results across

processing nodes

Distributed file system & aggregators
exists (Xrootd, Object storage, ...) —
users most familiar with POSIX FS.

CEPHFs offers Posix FS w/o single point of failure

In practice:

Speed MB/s

CephFS
- - CephFS
120

100

80
50
40
20

0 =

Very stable performance survived even DNS breakdown

Study judicious use of SSD = the use-case needs to be demanding enough to see

advantage

CEPH has no single point of failure, but CEPHFS seems to be only as fast as the wealléest

performing component!

- 1 Host X 10 Processes -
- 1 Host X 10 Processes -

Write - Primary Affinity

Dotted Lines - Total Qutput

Data Size MB



Triggers soft vs hard — the debate continues

17
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New and better triggers

Input Mezzanine card(IM) + Data Formatter(DF)

Dual output HOLA card Auxiliary card(AUX) +

IM: Receive the hits and perform Associative Memory Board(AM)
Copy the hit from ID clustering

and send to FTK

DF: hits sharing and provide pipeline AM: pattern recognition

AUX: track fitting
fake pattern rejection by x2

-
N
& Cluster re C
E E’ Finding S0 ey Second Stage Board(SSB)
(L,L) S éOO kHz eooe SSB: Reduce the fake track using
it' 8_ R:fgt remaing silicon layers.
I;( S . Computes track parameters
95 Second Stage Fit (4 brds)
™ U
- 3 S
g © g_ N ;rg;k Data FLIC FTK to Level2 Interface Crate(FLIC)
C X
¥ y O ;
< 3 Q&J Raw Data FTK ROBs |=HLT FLI(CIi F}farr::a’fc o:ltl?rut and
S & q ROBs EProcessing | >SNds tacks to ALl
= C 3
Q u

18



Towards 99.99 offline quality in LHCDb triggers
Run 2 (2015)

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Et/Pr signatures

./o/7
9hn
tri €s
npR t = .
un 2// he LH
Cb ng A Software High Level Trigger
Le'/e/ Partial event reconstruction, select
displaced tracks/vertices and dimuons
~ . Buffer events to disk, perform online
detector calibration and alignment
Fgr C!}/IS future il sz pEaiey by D, Full offline-like event selection, mixture .
Cieri “Hardware Demonstrator of a L1 of inclusive and exclusive triggers

Track Finding Algorithm with FPGAs for
the Phase Il CMS Experiment”

L <L <~
12.5 kHz Rate to storage
19




Accelerate me!l Make me better! Make me parallel!

20



Geometry performance (Phi vs Xeon) in GeantV

Andrei Gheata “From CPU to 16 1024 SIMD
” particles particles

accelerators
Intel lvy-Bridge (AVX) ~2.8X
3 Intel H Il (AVX2 ~ = 4
«  Geometry is 30-40% of the ntel Haswell (AVX2) 3 > X
Intel Xeon Phi (AVX-512) ~4.1 ~4.8 8x

total CPU time in Geantg

e

distFromInside
mothervolume

« Alibrary of vectorized geometry

O Current prototype able to run an exercise at the
scale of an LHC experiment (CMS)

O Simplified (tabulated) physics but full
vector flow geometry, RK propagator in field

algorithms to take maximum

advantage of SIMD architectures pick next O Very preliminary results needing validation,
. daughter volume |* but hinting to performance improvements of
9
« Substantial performance factors =

gains also in scalar mode transform

coordinates to i
daughter frame

« Testing the same on on GPU

distToOutside

* Moving from prototype to Snsliies

demonstrator

update step +
boundary

21



Going parallel

Goal: write EM models, to deal with multiple tracks ,to be
accurate, fast and "portable”

Algorithms need to be redone — use alias sampling to
vectorize pdfs for multiple tracks

— C
o O  Alias (E=2-20MeV)
% "6 L ] N O B
Xz o > Q E Xeon Phi5110P
.2 ¢ — "¢
= 5 O F
QS ® £ ¢
T 2,2 = F
292 S ef
U"- 'a = — =
T = @ C_U 5F
o S ®@ ¢
QS P ot
oo L
22 2 = Klein-Nishina
<, \% E 35_ —e— Bethe-Heitler
= NS ] S —=- Sauter-Gavrila .
o <. —
o N Moller-Bhabha
= 1=  —=— Seltzer-Berger
z " 9
U,\' Lt 1 1 IIlIIII 1 1 lllllll 1 1
& 10 102 10°

Number of Tracks

2

250

200

150

100 -+ Vector

— Geant4

II|Illlllllllllll]lllllllX

01 +ﬂﬁﬁfﬁ#ffﬁ#,,,fffff ' * .
-gg‘@?ﬁ*Hf:*ﬁ*f&*’?’ﬁ"‘?””’:’:"’f;;*;f;;;;:::::-------------
1080604020 02040608 1
Photon sin(B) (lab)

1% agreement with G4

Speedup on XeonPhi >6x
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We are better than some of us sometimes think!

Shaun Roe, Graeme Stewart “C++ Software Quality in
the ATLAS Experiment”

Conditions Ub
HLT
Analysis
Reco
Event

i Gaudi
~%.| DetComm

Trigger

5000 -
4000 ...

3000

Coverity® defects

2000

1000

.....

| | | . SR
1115 1/3/1S 1/5/1S 177115 179715 1/11/15 0 02 04 06 0.8 |

Date defects/kloc

Industry report 2012

“Coverity’s analysis found an average defect density of .69 for open source
software projects that leverage the Coverity Scan service, and an average
defect density of .68 for proprietary code developed by Coverity enterprise
customers. Both have better quality as compared to the accepted industry

23



s T S
v G. Stewart “Multi-threaded Software ”
Framework Development for the ATLAS

Experiment”

Going parallel QW

AthenaMT exploits
Memory / core goes down . .

* Multiple event parallelism
NUMA become more complex

Inter-event parallelism
Memory bandwidth will be key to . P :
In-algorithm parallelism

Use CPUs e Uses Intel TBB Inter-event and in-event parallelism
(colours are events, shapes algorithms)

. under the hood
Re-training the development

community is not easy!

G4Hive ttbar : pure MT
1600
Increasing threads E%E
improves throughput fora  —Z53
modest memory increase | w250

10|

1400 -

1200

1000 -

‘\

AN

BOO

Memory (mB)

600 -

400 -

200 -

. Framework element interaction within a

-500 500 1500 2500 3500 4500 5500 6500 7500 B500 8500 10500

e single event 24
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Can physics users go easier and faster...?

Use a declatative syntax to make it .
y Declarative: Events

I h i i
;/Ieoarreer (\;vwz :f\l/,lT uwzreendc(z)lrrr\]gbinin SelectMany(jets)
P & Where(|jet.eta] < 2.0)

multiple plots .Do(hist.Fill(jet.pT));

Re-run your physics analysis each

time you have a change E nVi ronment

e CalR GenericPlots

# Back to Dashboard

Project CalR GenericPlots

|, Status

= Changes Project name: CalR-GenericPlots
= o Run some basic CalR plots
W Workspace
&) Build Now
 Delete Project
Workspace
P Configure
(©) Rebuid Last 7\ Last Successful Artifacts
GenericPerformancePlots.root 929.77 KB s view
[ ctPoting Log s Windows 10
2 Recent Changes
)
@ Build History trend =

Per

om o ™ Not our standard ATI. As
environment, but ideas  *
’ EXPERIMENT

Autom:?\tic regr'ession attractive (c.f. ROOT
tests with Jenkins olenary talk)

25



Beyond LHC and ACAT16

27



LHC is not the only big fish in the pond...

2 Arrays: North+South— All-Sky Coverage

More than 30 countries and ~300 M€ of budget. Medium Size Telescope - MST
More than 1000 members in the consortium. core array
Including the vast majority of the experts from 100 GeV-10 TeV

existing experiments.
S ~ 40 ©=12 m telescopes

Large Size Telescope - LST Small Size Telescope -
low energy section SST
Einresh ~ 10 GeV high energy section

i

DIy 2d0353(9] NOYU3I3Y)

ay1 10f uonisinbay DI PUD [04IU0D) Y]

10J wa1sAs aupomyfos ay, ISU33N\ 'd
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CTA Array Control and Data Acquisition - ACTL

e
\'Y

* Software based on ACTL SyStem

2
AN
Alma’s software (see .((\Q\e Configuration
N

plenary) and OPC UA Reporting &
. 0] t i .
* Information flow ofd;;aos"g diagnosis /i‘_‘____‘____
‘abstract’, functional A Management oMU
A Pars.
data elements HW Status [Timeframe], Alarm Sta1u9f local data
° System decomposed in 0z e A I\:Iotnitoring data, System alarm
. . I status
functionalities S— : T
* Functions have manual Scheduling Monitoring &
structure and Operator commands | and central Alarms
------- >
granularity control control _
. : 1 Telescope monitoring,
* Architecture centered, ::!iiiig?::&gznds' | |  Telescope array alarms
using only COTS v | status
hardware Control of telescope arrays
e 30+ year life-time
Telescope commands \i, 'E\ Telescope HW status,

_ tEIescope =

29
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‘ . F. Rademakers “New Technologies for
“w.w HEP - The CERN openlab”

CERNopentab K NETIC

en Storage Project

Many more projects with . Put Get/Delete/... with a few extra’s
% @ * Checksum: can be verified by the
drive
ORACLE  SIEMENS — No need to read data for scrubbing
"c||.s.élc;. Drockspoce * \Version: test-and-set functionality

— Drive-side concurrency resolution
D BROCADE™
©IDT Yandex
£ comtrade EMBL-EBITL © Test if we can improve EOS performance

=N @f""““f‘
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Conclusions & synthesis

* Track 1 had a lot of high-quality contributions
* Alot of hard work went into improving and exploiting things we
know:
> Better use of computing fabrics, batch-facilities, less power, more CPU for
the same money, better user-experience (run-time), exploitation of up-to-
now unused resources (HPC, commercial clouds)
o Accelerators are moving from the hype-peak to the productivity plateau
- even if we don’t use a specific accelerator technology, the efforts which

went into making them usable for us will make our code better and — in

most cases — faster
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Conclusions and synthesis 2)

* We are not alone
> Probably not we (human beings) in this universe © but more importantly
this conference showed (again) that there are other very large, long-lived
scientific instruments out there (ALMA, CTA) = we can learn from each

other

o As well as our own ‘new kids on the block’ (Belle II)

* In online computing the ever higher data-rates are met with more
and more sophisticated hardware (ATLAS, CMS track-triggers)
and/or with offline-quality near-online data-reduction in software

(LHCb) - the “debate” between these two approaches will continue

32
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Conclusions and outlook 3)

* Wedidn’t see a game-changer this time round

But for sure they are out there, waiting to be discovered
* Looking forward to the next ACAT to see which of them

will come forth
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