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ALICE Uparade ®<)

LHC after LS2: Pb—Pb collisions at up to L = 6 10%’ cm2s! = interaction rate of 50kHz
Muon Forward Tracker (MFT)

* new Si tracker
* Improved MUON pointing precision

New Inner Tracking System (ITS)
e improved pointing precision
* |less material ->
thinnest tracker at the |LHC

Time Projection Chamber (TPC) MUON ARM

* new GEM technology for * continuous
readout chambers readout

electronics

,:

e continuous readout
* faster readout electronics

New Central
Trigger
Processor

/
Entirely new J l

Data Acquisition (DAQ)/
High Level Trigger (HLT) New Trlgger
Detectors (FIT)

c) by St. Rossegger
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A Large lon Collider Experiment Q)
Physics programme and data taking scenarios ALICE

Year System VS L. Neoriisions
(TeV) (pb-1) (nb-t)
0.4

010

2020
Pb-Pb 2.9 2.85 2.3 1010
pp 14 0.4 2.7 - 1010

2021
Pb-Pb 9.5 2.85 2.3 - 1010
pp 14 0.4 2.7 - 1010

2022
pp 5.5 6 4 - 101
pp 14 0.4 2.7 - 1010

2025
Pb-Pb 2.9 2.85 2.3 - 1010
pp 14 0.4 2.7 - 1010
2026 Pb-Pb 9.5 1.4 1.1 - 1010
p-Pb 8.8 50 1041
14 0.4 2.7 - 1010

2027 i

Pb-Pb 5.5 2.85 2.3-10%°
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ALICE Upgrade for Run 3 and 4 ATde Q)f

« ALICE goal:
— Integrate a luminosity of 13 nb! for Pb—Pb collisions recorded
in minimum bias mode i
— Together with dedicated p—Pb and pp reference runs X %
« Major detector upgrade:
Inner Muon
Tracking Forward
:Ijrlw’ne jTieic’»\mg System SYSte m UADETéeEOfEI;;e”mem Tra C ke r
(ITS) "~ (MFT)
Time Readout and
Projection Trigger
%Tre’ l”rrn»\}tl(u Chamber C h Gl be r SySte m
(TPC)

* New Online-Offline Computing System (O?)
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Read-out rate and data rate with Pb-Pb beams

Detector

ACO
CPV
CTP
EMC
FIT
HMP
ITS
MCH
MFT
MID
PHS
TOF
TPC
TRD
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A Large lon Collider Experiment

ALICE O2in a nutshell

Requirements

1. LHC min bias Pb-Pb at 50 kHz
~100 x more data than during Run 1
2. Physics topics addressed by ALICE upgrade
— Rare processes
— Very small signal over background ratio
— Needs large statistics of reconstructed events
— Triggering techniques very inefficient if not
iImpossible
3. 50 kHz > TPC inherent rate (drift time ~100 pus)
Support for continuous read-out (TPC)
— Detector read-out triggered or continuous

New computing system

* Read-out the data of all interactions

=» Compress these data intelligently

by online reconstruction

=» One common online-offline
computing system: O2

« Paradigm shift compared to
approach for Run 1 and 2
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Analysis Facilities

® <)

Unmodified raw data of all interactions
shipped from detector
to online farm in triggerless continuous mode

HI run 3.3 TByte/s ﬂ

Baseline correction and zero suppression
Data volume reduction by zero cluster finder.
No event discarded.

Average compression factor 6.6

500 GByte/s ﬂ

Data volume reduction by online tracking.
Only reconstructed data to data storage.
Average compression factor 5.5

90 GByte/s ﬂ

Data Storage: 1 year of compressed data
* Bandwidth: Write 90 GB/s Read 90 GB/s
* (Capacity: 60 PB

20 GByte/sﬁ ﬁ

Tier O, Tiers 1

Asynchronous (few hours)
and event reconstruction with
final calibration



ALICE Computing Upgrade for Run 3 and 4

ALICE
« New common Online-Offline (O?%) computing system

; Data volume reduction by data processing

— HLT system had been designed to support different ways to reduce the data volume
— Rol identification and event selection never been used

— HLT major impact with the data volume reduction by cluster finder.

— Since 2011, ALICE does NOT record the raw data

=0

O? system part of the data grid : export and import of workload

Improve the efficiency on the grid

— Analysis is the least efficient of all workloads that we run on the Grid
— Analysis Facility: dedicated sites where AODs are collected and processed quickly

0O? Online and Offline computing
https://cds.cern.ch/record/2011297/files/ALICE-TDR-019.pdf
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(Tnggemrs Heart Beats, Timeframe etc Q)’

ﬁ ALICE

|II | | ||| L] | [
Physics trigger . b = = - - . >
Time
Heart Beat Frames (HBF): stream of data delimited by two heart beats Trigger data fragments
\ ) \ ) \ J | )
Y i Y Y
Sub-Time Frame (STF): grouping of all consecutive HBFs during a time period Subevents
\ )

Y

Time Frame (TF): grouping of all STFs from all FLPs for the same time period
with the triggered subevents for the same time period

Compressed Time Frame (CTF): TF compressed after processing
ALICE O? | April 13t 2016 | Pierre Vande Vyvre 9



A Large lon Collider Experiment

Data flow &
processing (1)

Raw data input

Local processing

Frame dispatch

Global processing

Storage

| |

i

I

s
—
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Trigger
and clock

Detectors electronics & &9
| e ] | s o | TRD N
——« L L
Detector data samples L - T -
synchronized - * .. T ..
by heartbeat triggers - .- - T

FLPs Buffering

| Local aggregation |

| Time slicing |

Sub-Time Frames |

PTEETTTIITD 2

Data Reduction 0

e.g. clustering

Tagging

iy

Time Frame
building

Partially compressed
sub-Time Frames

EPNs

Calibration 0
on local data,
ie. partial detector

0(1000)

Full Time Frames

Detector
reconstruction

e.g. track finding

Data Reduction 1

Compressed Time Frames

Calibration 1
on full detectors

e.g. space charge distortion

0%/T0/T1
e —

TO/T1

CTF
AOD

ALICE

First-Level
Processors (FLPSs)

Load
<- mmmmE=== balancing &
- - - —) dataflow

regulation

Event Processing
Nodes (EPNSs)

Sub-Time Frames
Time Frames

Compressed Time Frames
AOD

ITETTTTTITITYS =

Quality

QCdata Control

A
I



A Large lon Collider Experiment

Data flow &
processing (2)

Storage
—
Reconstruction
passes
and event
extraction
Simulation
—
-
Analysis
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Compressed Time Frames

0%/T0/T1 T0/T1
Storage
- CTF
AOD
Compressed Time Frames ESD. AOD
0%/T0/T1 v 0(1)
Global I _>
reconstruction | €————3p Calibration 2 <
Event extraction
Tagging
AOD extraction \
—\> =xr===== ’
ESD, AOD
Event Summary Data %‘
Analysis Object Data
T2 AOD 0(10)
Reconstruction
Event building é =s===== ’
AOD extraction
T CTF
—— Soooo
Analysis Facilities 0(1)
>
% Analysis -
AOD Histograms,

trees

Sub-Time Frames
Time Frames

ALICE

Compressed Time Frames

AOD

[EETPITTYTIEN =

QC data

CCDB Objects

Quality
Control

A
I
!
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A Large lon Collider Experiment

( Detector read-out — O? interfaces

Trigger | [ [ I I I | DCS System
ACO EMC FIT PHO TOF ZDC
System Trigger Inout DCS DCS DCS
riggerinpu Worker Worker Worker
Central Trigger Processor ‘ Norde Node Node
Physics and .
heartbeat triggers | J
mu || v | LTU AER0ELS
v v
| TRG Dist | | TRG Dist | TRG Dist DCS control
| | | : - and monitoring
V| VIS v v TIS V| ¥
Detector 02
FLP
Electronics Fee 124 Readroutlinks | oo Facility
(GBT) =0 pele
; FEE e cru <28
Common Read-out Unit (CRU) o data == —
LHCDb PCle40 with different fw DCS data
FLP
24 Read-out|links
FEE CRU
(GBT orjcustom) | =20 peje Network
x16
FEE > CRU
FLP . ;
6 Read-out|links :I(_)
DSRO (DDL1 br DDL2) | RORC [ e
x16
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@y <
2% Detector links and read-out boards ALICE
DDL1 DDL2 GBT CRORC CRU

ACO 1 1

CPV (5) 1

CTP 14 1

EMC 20 4

FIT 2 1

HMP 14 4

ITS 495 23

MCH 550 25

MFT 304 14

MID 32 2

PHS 16 4

TOF 72 3

TPC 6552 360

TRD 1044 54

ZDC 1 1

ALICE O? | April 13t 2016 | Pierre Vande Vyvre 13



Technology: Input/Output with PCI Express HLCE ),

I - PCle Gen2
, | - Up to 3.4 GB/s by device (x8) with ,
| 1 or 2 devices active slot

- Device independence

b e

2800

10000 100000 1e+06 1e+07 1e+08|
TPC Event Size (B)

LTSS PCle Gen3
- Upto 6 GB/s or 48 Gb/s for one x8 slot
o : - 1 slot PCle Gen3 x16 delivers up to 96 Gb/s
- 1 CRU needs 20 GBTs x 4.0 Gb/s = 80 Gb/s of
ol / . I/O bandwidth
] | - Gen3 is adequate for O2 (x16)
- PCle backward compatibility will allow to use
; Gen4 platforms or devices if desired
FLP
I PCle Gen3 x16 I FLP Input-Output
2 i [ - FLP with two CPUs:
Iy | R S Each CPU : 16 PCle Gen3 lanes (out of 40) used

for the CRU interface

ALICE O? | April 13" 2016 | Pierre Vande Vyvre 14



A Large lon Collider Experiment - . Q
Technology: Hardware acceleration with FPGA HLICE

40
RurT AROAC Fee e Finder OO0+ '
Fun2 C-RORC FastClusterdFinder (DDLY
a5 ClusterFindetEmulator on 3GHzZ wBridoge = x! i ,
E |
S "

30+

23+

20+

Processing Time (ms)

13

10

51 " -
/ )
i} Bl —— il

0 100 200 SDD 4IZII:| SDD E00
Ewvent Fragment Size (kB

FPGA

- Acceleration for TPC cluster finder versus a standard CPU
- 25 times faster than the software implementation

- Use of the CRU FPGA for the TPC cluster finder

ALICE O? | April 13" 2016 | Pierre Vande Vyvre 15



A Large lon Collider Experiment

Facility Design: Read-Out boards and FLP

Read-Out boards

ALICE

Ve

7

C-RORC (# 15)
* Input:upto 6 DDL1s and DDL2s
e Output: PCle Gen 2 x8
CRU (#483)
* Input: upto 24 GBTs
* Output: PCle Gen 3 x16
* Processing: TPC cluster finder (#360)

FLP (#268)

Input: 1 or 2 read-out boards
Network input for the DCS FLP
Output: up to 18 Gb/s for

the TPC inner chamber FLP
Processing: ITS cluster finder (# 23)

Table 10.1: Nurmnber of read-out boards and FLPs per detector to OF systern.

Detector Mumber of Read-out  Nurmber

read-out boards  board type of FLPs
ACO 1 C-RORC 1
CPY 1 C-RORC 1
CTFE 1 CRO 1
D= 1 HNetwork 1
EMC 4 C-RORC 2
FIT 1 C-RORC 1
HMFE 4 C-RORC 2
ITs 23 CRDO 23
MCH 30 CRI 15
MET 14 CRIO 7
MID 1 CRIO 1
PHS 4 C-RORC 2
TOF 3 CRO 3
TPC 360 CRIT 180
TED 54 CRU 27
ZhC 1 CREO 1

Taotal

268




A Large lon Collider Experiment Ry |
Technology: Hardware acceleration with GPU Q)f

: .
F[HLT GPU Tracker 4+ ' ' ]
| HLT CPU Tracker ]
aaf N ,
a b .
% 25f
@ B
£ C
FR:
=
g :
= odal
1L
05 [

ot

1 1 1
0.5x10% 1x10% 1.5x10% 2xi0Ma
Murnber of Clustars

Figure 6.5: Trackingtime of HLT TPC CA tracker on Mehalern CPUT (6 Cores) and Y ID LA Fermd GPTL

GPU

- TPC Track Finder based on the Cellular Automaton principle to construct track seeds.
- Itis implemented for OpenMP (CPU), CUDA (Nvidia GPU), and OpenCL (AMD GPU).
- 1 GPU replaces 30 CPU cores and uses 3 for I/O

- Use of GPUs for the TPC track finder in the EPNs

ALICE O? | April 13" 2016 | Pierre Vande Vyvre 17



A Large lon Collider Experiment

Facility Design: EPN and GPUs

Table 8.8: CPUrequirements for processing the data from Pe-Phinteraction at S0kHz in the symehronons mode,
Detector Process Frocessing Processing System
requirement Platform reference
[CPU cores or GFUs.]
TEC Calibration 1000 CFU Intel I7-450007 2.70 GHz
TFC Track seeding, following 5000 GFU AMD 53000
TPC Track merging, fitting 15000 CFU Intel I7-930X 3.60CGHz
IT= Tracking 73000 CFU Intel I7-27200QM 2.20GHz
MCH Preclustering 200 CPU Intel I7 2.30GH=
MCH Clustering 3000 CPU Intel I7 2.20GHz

« EPN

— 2 CPUs with at least 32 cores
By then the most powerful CPUs will include 40 cores

— 2 GPU cards each with 2 GPUs
— 1500 nodes needed

18
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Technology: data storage
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HLICE

DY

Hard disks enclosed into ,
storage arrays of up to 80 hard disks in 4 U

Possible technologies for storage arrays

attachments

— Fibre Channel: 8, 16 GB/s

— ISCSI: depending on network speed
— Infiniband: 40, 56 Gb/s

— SAS: 12 Gb/s (through servers)

— 02 : data servers + storage arrays

Bandwidth with a set of 12 hard disks

— 1.4 GB/s write
— 1.6 GB/sread

Capacity

— In 2015: 1.0 Th/in2, 6/8 TB disks for enterprise/consumel
— In2019: 2.2 Tb/in?, 12/20 TB disks should be available

19



A Large lon Collider Experiment

o<

Facility Design: Data Storage ALICE

See talk of U. Fuchs ‘
today 14:35 “ALICE and
LHCDb storage system” o

Table 4.4: Number of rec cnstructed collisions and storage requirements for different systems and scenarios.

Storage  Storage Storage Required

Year Systern  Collisions  CTF Calibration ESD/AOD CPU seconds

(FB) (TB) (PB) (single CPUJ core)

2020 pp 2.7-10% 15 3 0.6 1.7.10W
Pb-Pb  2.3.10% 37 23 13 2.8. 101
2021  pp 2.7.101° 1.5 5 0.6 17101
Pb-Pb  2.3.10% 37 23 13 2.8. 101
2022 pp 4,3. 101 23 76 9.2 2.7 101
2025 pp 2.7 101 1.5 5 0.6 1.7.10%
Pb-Pb  2.3.101 37 23 15 24. 101
PP 2.7-10% 13 3 0.6 1.7.10W
2026 Pb-Pb  1.1.10W 18 11 7.2 1.3. 101
p-Fhb 1.0.10m 10 20 4.0 7.2. 101
2027 pp 2.7- 101 1.5 5 0.6 17.10%
Pb-Pb  2.3.10% 37 23 13 2.8. 101

Capacity
(PB)

CTF

ESD (1x)
AOD (2x)
Redundancy

Total

ALICE O? | April 13t 2016 | Pierre Vande Vyvre

38.5
5.8
7.7
8.3

60.3

« Data Storage needs
— Bandwidth: Write: 90 GB/s
Read: 90 GB/s
— Capacity: 60 PB

« 1 storage array in 2019:
— 1.2 PB of raw capacity,
1.0 PB with redundancy
— 7 GB/s of bandwidth

— 68 units needed with 34 data
servers

20
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Technology: FLP-EPN networking

« 3 possible technologies:

— Ethernet: 10, 40 and 100 Gb/s
« 32 ports 100 Gb/s

— Infiniband: 10, 20, 40, 56, 100 Gb/s
« 36 ports EDR 100 Gb/s

— Omni-Path: 100 Gb/s

« Available bandwidth on one node adequate

for the O? needs (FLP TPC out: up to 20 Gbh/s)
— 270 ports at 40 Gb/s or more

- Technology choice: (GB/S) (GB/S)
IB QDR 40 Gb/s Native IB verbs
IB FDR 56 Gb/s Native IB verbs 6.8 5.6

* Software framework: IB FDR 56 Gb/s  IPolB TCP 6.8 25
network agnostic Eth 40 Gb/s TCP 5.0 4.9

cost/performance

ALICE O? | April 13t 2016 | Pierre Vande Vyvre 21



A Large lon Collider Experiment : 22

Hardware Facility ALICE
270 FLPs 1500 EPNs
First Level Event Processing 34 Storage 68 Storage
Detectors
Processors Nodes Servers Arrays
(FLPs) L (EPNSs)
Switching Storage
Network Network
9000 Read-out Input: 270 ports Input: 1500 ports
Links Output : 1500 ports Output : 34 ports

/

M@M 15 61

3.3 TB/s 500 GB/s 90 GBI/s

ALICE O? | April 13t 2016 | Pierre Vande Vyvre 22
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Facility Design: infrastructure

ALICE

Table 10.5: Location, rack space, power and coclingnesds of the 02 facility. p
Type Number Item Location-  Nurober  Power  Total  Cooling  Total
of iterns  height Totalheight of Racks perrack power perrack cooling
(1) (1) (kVA)  (KVA) (kW) (kW) J
FLP 250 2 CR1-35 13 12 216 14 252
EFN 15300 1 CRO- 54 34 50 1700 50 1700
SEFN 30 1 CRO- 354 1 12 12 12 12
Storage 34 9 CRO-54 7 50 350 30 350
Network
Dataflow 10 3 CR1-40 2 12 24 12 24
Dataflow 15 3 CRO- 354 2 12 24 12 24
Control 4 1 CR1-40 1 12 12 12 12
Confrol 4 1 CRO-54 1 12 12 12 12
Services 110 1 CR1-40 4 12 43 12 48
Total CE1 235 300 336
CEO 43 2086 2086
Grand total 70 2398 2434

«  OZ2facility located at the LHC P2

«  Two Counting Rooms (CR) available each with 40 racks
 One room (CR1) renovated during LS1 will be reused

* New additional computing room (CRO) needed on the surface
«  Existing power distribution at P2: UPS 500 kVA and 270 kW of normal power in each CR.

Major upgrade needed.

* Installed cooling power in the CRs ~ 200kW.

Major upgrade needed.




ALICE

‘Comthlng Rooms Q}

- CRO: new room and infrastructure needed on the surface
AI@..N

«  Market Survey MS-4108/EP — Survey of companies for the supply of
Container Data Centers (24 companies contacted so far)

- Water or free air cooled

« Will be followed by the issue of an invitation to tender to qualified and
selected firms in Q3/2016

- Done with LHCb

- CR1:

- Reuse existing room IT metwork

- Adequate power and cooling for
the detector read-out

~8,500

optical fibers

24
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A Large lon Collider Experiment Qz

Software architecture ALICE

EPN 1

» Message-based multi-processing

— Use of multi-core by splitting large programs

into smaller size processes
Ease of development
Ease to scale horizontally

— Multi-threading within processes still possible
— Processes communicating by messages
— Support for hardware acceleration

« ALFA

— Prototype developed in common
by experiments at FAIR and ALICE
Panda Cbm ALICE 02

— Based on the ZeroMQ package @ | Tttt
— Data transport
— Dynamic Deployment System

FairRoot

ALFA

Libraries and tools

ALICE O? | April 13t 2016 | Pierre Vande Vyvre o5
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Control, configuration and monitoring

Sync. 1>| 2> E>

| !

Async.

I
B

Commands

Status

ALICE

©

Control, Configuration and Monitoring

SMI and DIM

1 ! | ! T
Status/ Commands/ Commands/ Grid Status/
Monitoring Configuration Status Configuration Status Jobs Monitoring
data data data data

LHC Trigger DCS Grid
Table 6.7 Tools to implement CCM fimeticns.,

Module Function Tools

All Inter Process Commmnication DIM, ZeroM(Q

Control Start/stop processes DD3

Control Send comrmands to processes SMI, ZeroMQ

Control Task Managernent SMI

Control State Machine SMI, Boost heta State Machine

Control Auntomnation SMI

Confignration  System Configuration Management  Puppet, Chef

Confignration  Configuration Distribution ZooKeeper

Configuration  Dynamic Process Confipuration ZooKeeper

Monitoring Diata Collection and Archival MonALISA, Fabbix

Monitoring Alarms and Action Triggering MonALISA, Zabbix

ALICE O? | April 13t 2016 | Pierre Vande Vyvre
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Quality control and visualization

Raw data
Reconstructed data

Condition &
Calibration

Dataflow

J( Quality Control System

API| Access

Data i
Collection

Generation of
Monitoring
Objects

>

Quality i
Assessment

Storage

Visualization

A

Data
storage

Reconstructed data

ALICE O? | April 13t 2016 | Pierre Vande Vyvre
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Calibration and reconstruction flow

|
All FLPs EPN: synchronous I asynchronous
Raw data I
) I
Local Processing ! . I . .
. Final calibration Final matching
E.g. ' Detector ' Matching ] ' ' ¢
Clusterization Reconstruction procedures I r:gfcjci?: ezlt?a’zft\;s:t
Calibration | &
I
I
I
\ J\ J\ J \ J \
Step 0 Step 1 Step 2 Step 3 Step 4

Compression Bandwidth
Factor (GB/s)

CRU/ EPN FLP FLP EPN
FLP Input  Output Output
TPC 2.5 8.0 1000 400 50
Other 1.0 2.5 100 100 40
detec.
Total 1100 500 90

ALICE O? | April 13t 2016 | Pierre Vande Vyvre
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A Large lon Collider Experiment Q
Calibration and reconstruction flow details ALICE

MC Reference TPC map =

t— Adjusted accounting for current luminosity

Average TPC map
EPN: synchronous | asynchronous
|
Standalone I
procedures : =
: ) Final »/'()
i > FIT > Final TPC ITS—T:’n(i:i—TRD Matching to -
multiplicity \L multiplicity ! = el mellp reconstruction, |- TOF, HMPID, ‘w‘
Rescaled TPC ma | (constrained lorimet
P TRD seeded | by TS, TRD) outw_ard calorimeters -(\
| k TPC e track finding refitting *
track finding and matching T
with TPC | Global track
All FLPs ITS track R—— I inward ﬁttlng
finding/fitting  mefesslp> -h' e
Raw data Vertexi matching
aw ertexing | _PE |'b_t' -_ -
calibrations
¥ [ | 12l
MCH track | MCH/MFT ;
lusteri ra: — ) ﬁ track finding  pe—
Local processing = clusterization | and matching VO;_C?cade
inding
] ' v
|
DCS data
_ Event building:
|
—} (vertex, track, trigg
I association)
| v
|
|
|
1
L \ )\ || Y A Y )
Step 0 Step 1 Step 2 Step 3 Step 4
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!

Facility Simulation: FLP-EPN network ALICE
See talk of |. Legrand &
« 3 technologies: and M. Astigarraga 4
—  Eth 10, 40, 100 Gb/s, today at 12:00 “Run 3 5
— IB-FDR 56 Gb/s, IB-EDR 100 Gb/s data flow systems
— Intel Omniscale 100 Gb/s simulation”

« 270 FLP ports at 40/56/100 Gb/s + 1500 EPN ports at 10/40/56 Gb/s

« 3 network layout considered
1. All ports at 40/56 Gb/s
2. Limit the total throughput by splitting the system into 4 identical subsystems
3. Limit the number of ports on a high-speed network by the use of Super-EPN

4 x 10 Gb/s 10 Gb/s “EPN | EPN 1
1 Nw Farm 1 1 1 | FLP %
<= SEPN = 1
EPN
[EPN]| 375 40/56 Gb/s | 1 \y 30
&N ] 376 T \ 2x —
Nw Farm 2 | 27 | FLP
[EPN | 750 e 10X 40/56 Gb/s 10 P/
40/56 Gb/s
Nw Farm 3 | 244 FLP |
|EPN | 1125 /'
10
o o o
- vt a b SEPN = 50
_FLP_ Wirarm [EPN | 1500 270[ FP ™ EPN | 1500

30
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O2 System and the Data Grid

Reconstruction
Calibration
Archiving

Simulation

ALICE O? | LHCC June 2015 | Pierre Vande Vyvre

TO/T1 1.n

CTF -> ESD -> AOD

=—Q

N

AOD

T2/HPC 1.0

MC -> CTF -> ESD
->AO0D

0? 1
CTF RAW -> CTF -> ESD
-> AOD
AOD
AOD
vV
AF 1.3

AQOD -> HISTO, TREE

®<)

ALICE

Reconstruction
Calibration

Analysis
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ALICE O? Technical Design Report
https://cds.cern.ch/record/2011297/files/ALICE-TDR-019.

CERN-LHCC-2015-006
ALICE-TDR-019

April 20, 2015 HLICE

ALICE

© | | ALICE

Upgrade of the Upgrade of the Upgrade of the Upgrade of the
ALICE Experiment nner Tracking Syste! ALICE Experiment Inner Tracking System

| . Upgrade of the

B Onhne Offline computing system

Technical Design Report

© | | ALICE

Technical Design Report for the Upgrade of the Online - Offline computng system | CERN-LHCC-2015-006 ( ALICE-TDR-019)

ALICE A Large lon Collider Experiment | April 2015

ALICE O? | April 13 2016 | Pierre Vande Vyvre
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Backup slides

ALICE O? | April 13t 2016 | Pierre Vande Vyvre

ALICE
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Software design: data model Q)’

ALICE
Data link view Time window (frame length)
continuous Payload Payload Payload Payload [\
triggered Payload Payload
A— Link #N
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,"’ . Trigger heartbeat events
.:" I Other triggers
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TPC data reduction ALICE

« TPC unmodified raw data rate: ~3.3 TB/s
« TPC zero-suppressed data rate: ~1TB/s

« Cluster finding (factor 2.5)

— Compression ~1.25 in FPGA cluster finding
— Data format optimisation ~factor 2

* Cluster compression (factor 3)

— Currently: entropy coding (Huffman) - factor ~1.6
— 02: compression applied to more cluster parameters
— 02: additional compression using tracking information

« Background identification: factor ~2
« Charge transformations for clusters associated to tracks: factor ~1.35

« Total data compression by a factor ~20

ALICE O? | April 13t 2016 | Pierre Vande Vyvre
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Project Organisation

Management

Qg
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Figure 2.1: The OF project organisation. (UCG)

ALICE
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O2 TDR authors ALIGE

11.11 ©O? TDR authors
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Table 11.2: Institutes participating in the 0% Project.

Project
Organisation

Institutes

Country City Instimte Acronym )

1 Brasil S#o Paulo University of 880 Paulo USP I Q

2 CEEN Geneva BEuropean Organization for Nuclear Re- CERN /
search

3 Croatia Split Technical University of Split FESB H L I C E

4 Czech Republic  Rezu Prahy Muclear Physics Institute, Acaderny of Sci- ASCR
ences of the Czech Republic

5  France Clerront Laboratoire de Physique Corpusculaire LPC

-Ferrand (LPC), Université Blaise Pascal

Clermont-Ferrand, CHNES-INZ2P3

&  France Grenoble Laboratoire de Physique Subatornique et de  LPSC
Cosrmologie (LPSC), Université Grenoble-
Alpes, CNRE-IN2F3

7 France Mantes SUBATECH, Ecole des Mines de MNantes, SUBATECH
Universzité de MNantes, CNES-IN2EP3

&  FPrance Orsay Institut de Physique Nacléaire (IPNOJ, Uni-  IPNO
versité Pariz-Sud, CNRES-IN2P3

%  France Strasbourg Instimt Plaridisciplinaire Hubett Curien IPHC

10 Germany Darmstadt Research Division and ExtreMe Matter In-  GSI
stitute EMMI, 351 Helmholtzzentmam fir
Schwerionenforschung

11 Germany Frankfurt Frankfurt Institute for Advanced Studies, FLAS
Johann Wolfgang Goethe-Universitat

12 Germany Frankfurt Institut fitr Informatik, Johann Wolfgang IRI
Goethe-Universitit Frankfurt

13 Hungary Budapest Wigner RCP Hungarian Acaderny of Sci- WRCP
ences

14 India Tamrmu University of Jarmrmu g

15 India MMumbai Indian Institute of Technology T

16 Indonesia Bandung Indonesian Institute of Sciences LIFT

17 Korea Dagjeon Korea Institute of Science and Technology KISTI
Information

1&  Korea Sejong City Korea University KT

1% Poland Warsaw Warsaw University of Technology WUT

20 Romania Bucharest Instimte of Space Science 55

21 South Africa Cape Town University of Cape Town ucT

22 Thailand Bangkeok King Monglnt’s University of Technology EKMUTT
Thonburi

23 Thailand Bangkok Tharormasat University T

24 Turkey Konya KTO Karatay University KTO

25 United States Berkeley, CA Lawrence Berkeley National Laboratory LENL

26 United States Dietroit, MI Wayne State University WU

27 United States Houston, TX University of Houston UH

2% United States Knoxwville, TN University of Tennessee UTK

29 United States Cak Ridge, TN Cak Ridge National Laboratory ORNL

30 United States Ormaha, NE Creighton University cu

31  United States Pasadena, CA California Institute of Technology CALTECH
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Technology: Future-bets

®<)

ALICE

Technology

/O ~77 Gb/s on 1 slot

FPGA 24 GBT receivers +

24 cluster finders

CPU (# Cores) 2 x 32 cores

GPU TPC track seeding
and following 0.1 s
Network = 40 Gb/s

Data storage 20 TB hard disk

ALICE O? | April 13t 2016 | Pierre Vande Vyvre

Available now: PCle Gen3.
Gen4 backward compatibility.

Available now as engineering samples:
Altera Arria 10 GX

14 cores (Xeon 4850)
18 cores (Xeon 8880)
Bet: 32 in the affordable mid-range

Available now : AMD S9000.
Bet: cost decrease slope.

Available now in 2 technologies.
Probably 3 technologies at the time of
purchase.

Now: 8 TB
Bet: a density yearly increase of 20%
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Continuous read-out: data flows

AILTCE
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ALICE O? | April 13t 2016 | Pierre Vande Vyvre
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Facility Simulation: Link speed ALICE (Y
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Left Layout 2 — Right Layout 3

Distinguish between TPC and Other Detector (OD) FLPs
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Facility Simulation: FLP buffering need
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Distinguish between TPC and Other Detector (OD) FLPs

With and without buffer management releasing data blocks before a full Time-Frame is transferred
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Facility Simulation: Scalability
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Figure 10.%: Systemn scalability of the netwetk layout 2 at up to 0kHz,
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Figire 10.10: System scalability of the network layout 3 at up to 140kHz.

Right Layout 3 (56 Gb/s)

» Scalability measured via the latency of a Time-Frame in the system
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