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Our World is Viewed thru LHC-colored Glasses

« Extreme data volumes
& velocities

« Large collaborations of
global scale

* Highly distributed
computing
environment(s):
— Federated

* Long-lived experiments |
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Distributed Computing Collaborations (CMS)

» 186 institutions (globally distributed)
— Computing resources distributed across collaboration
— High b/w R&E networks support experiment data movement
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LHC Networking Capabilities (current & future)

> Evolving to “special” networks for LHC data movement:

— LHCOPN (2006): -----------memmeee-
* For raw experiment data

— LHCONE (2013): -~ >
 For derived/user data

_ Ensures adequate bandwidth .
— Better security risk profiles

A

» Network technology trends:
— Bandwidth technology step-ups

— Overlay networks

— Pt-2-Pt network services

— Software-defined networks (SDN)
— Content-defined networks (NDN?)
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LHC Data Federation(s)

» Federated data storage, based on:
— High bandwidth WAN connectivity across all tiers
— Global data namespace(s)

Xrootd Global
Redirector

EU Region

» Implemented with XrootD:
— “Hides” local file storage

.'Q: Open /store/foo
A: Redirect to Site A
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» High-level philosophy: remote storage ~= local storage
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Federated Data Enables More Robust & Dynamic
Distributed Computing Environment

» Job unable to access local data:
- Remote copy of data retrieved ========--~ -
-~ Job is able to complete...

> Useful in redirecting jobs to other DS“
sites in overflow situatons | — -

» Real life example:
- DB error results in “missing” local e mmonoronooue

data at FNAL  -e-eeseececcmenea- .

— Job failover capability locates
replica at CNAF (ltaly)

— Jobs run for 2 days using CNAF
data, without anyone noticing...

Throughput (MB/s)
g8 g §

8

&
: ]
‘ BB TL_IT_CNAF  T2_IT_Romelll T2_KR_KNUMN T2_UA_KIPT T2_US_Purdue 18 OTHER$

. ! !
1004
0 » T 8 T F T r T - T - T % 1
{5} S)
/Q’\/ @’/ @// /@t/ @/ 6’/ @/
¥ e e ¥ & & K
q,° + $ @ rﬁ o

2= Fermilab

Phil DeMar: DOE/SC/ASCR DOENET 2025 Workshop 6 February 1, 2016



Emerging Trends to Address Computing Challenges

» Dynamic data placement
— Distributing/redistributing (abbreviated) data sets by popularity
— Subset of larger trend for dynamic data management in general

» Cloud & High Performance Computing (HPC) cycles:
- — Amazon Web Service spot CPU cycles already highly economic
— Next gen. super computers will have massive computing power--;

__ SRR

1005 T PR
e (=] Bummit Tewia Aufor
Fanned imiataton. Cowon  TIEAN - MiRA a0 2017201 1 e
Sytem paak (FF] o] ] »30 150 - 0
Paal Power (W) ] z 1 1.7 w0
-1 P OCR L4 P »7 P Heh
High Basdwiah DO« HEW =180 TH DDRE Barchwid®
Tolsl pywtem mamory 257 TB e reaTe | Meemory B ) High Dancwidhs P
oU5F0 perEatent  pematent Memory (HBMG  Locsl Memory s
ey ey st bherralesy _
mm G4l 1483 0354 »3 =40 =3 » 17 fimaa Mrn
o AN i Wty B4 e
I i islby  Optemn PR "f:“‘“u;';‘ Powsr® CPUS & Landing Xaon Pri “{nf:_“:?’f_"_““
pEN—— [ R o ad ey  uligeNvids  masy corm CPUY =it
(o e Vs GPUS
200 rodes:
Srvtem s froden) o0 BB o 3 ncdies b IS0 nooe LB rodes 0,000 e
Ptk e ks, parcn
& Gl b
Fydar, | mhprconrec Acign Geminl 50 Tona e MH:IEBH Arian i Pl
Haomiiebre
@ ESnet TAPB 2PE  MPE a#ra el 0P8, 210 Gl ozl
M. Ernst (BNL) s o sl Lot geraw | s gergw  Leewies Lot
2& Fermilab

Phil DeMar: DOE/SC/ASCR DOENET 2025 Workshop 7 February 1, 2016



LHC schedule
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Projected LHC data volumes

» Raw data = generated by
detector(s)

» Derived data =
reconstructed data,
simulation data, summary
data sets, etc...)

— (derived data) ~= (raw
data) x 8
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Projected RAW Data Volumes (CMS) Thru Run 4

8OO
700
&00
500
A00
300
200
100
0 —

Run 1 Run 2 Run 3 Run 4

B RAW Data

Projected Total Data Volumes (CMS) Thru Run 4
7000

&000
5000 The
000 Challenge...
3000
2000
1000

D [ |

Run 1 Run 2 Run 3 Run 4
HRAW Data M Derived Data
2% Fermilab

9 February 1, 2016



Looking at Things from a High Level

JEUUREES Capabilities ==---___

2 \

Process of
: Technology
Science

1\ 4

“““““““ Requirements----"""
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Applying This to DOE Networking 2025...

UGS Capabilities ---___
¥
Data Processing _ *.
Data Management Network
Data Security Technology
Data Movement &
T ---Requirements---"""

1] What will large-scale science data demand from the network in
20257

2] How might emerging network technologies transform large-scale
science data handling?
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Musing on 2025 Science Requirements vs
Network Technology Capabilities [Speculative Opinion]

2025 Large-Scale Science Data 2025 Network Technology
Requirements Capabilities (?)

Highly dynamic & secure * Very high b/w networks & system

distributed computing NICs

environments « Customizable, dynamic network
— Including HPC & cloud capabilities (SDN)

Extreme data movement « Content delivery network services

capabilities across these (NDN)

environments « Data movement orchestration

services of system, storage, &
network resources

« Optimization of multicore /
manycore capabilities for data
movement on end systems
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