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L NA62: Overview -
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«| « Main goal: BR measurement of the « Huge background:
S ultrarare K— nvv (BRgy=(8.5+0.7)-10"") o Hermetic veto system
§| . Stringent test of SM, golden mode for - Efficient PID
g search and characterization of New « Weak signal signature:
E Physics (complementary with respect to »  High resolution measurement of
O the direct search) kaon and pion momentum
=« Novel technique: kaon decay in flight, ~ « Ultrarare decay:
S 0O(100) events in 2 years of data taking o High intensity beam
Q. » Efficient and selective trigger
" system - -
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s The NAG2 TDAQ systen -

% « LO: Hardware level.
10 MHz Decision based on
LAV | 1. primitives produced
T in the RO card of
MHz detectors

1 MHz — partecipating to the
o trigger
l . : Software level.
PC PC PC«—PC+—PC PC “Single detector”

¥ ¥ ¥ PCs

GigaEth SWITCH « L2: Software level.

l_l {
The informations
coming from
===F"L0trigger O(KHZ)
:Br;i;:erpnmltwes Fq Fq Fq@m

different detectors

are merged
« The LO is synchronous (through TTC). The input rate is ~10 MHz. The latency is order
of 1ms. The trigger decision is based on information coming from RICH, LKr, LAV and

RICH

v

EI<-Z'I<-

together

MUV.
« The L1 is asynchronous (through Ethernet). The input rate is ~1 MHz. The maximum
latency is few seconds (spill length). The output rate is ~100 kHz. - -
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The Video Card processor: GPU —_
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GPU

SIMD (Single Instruction Multiple
Data) architecture

Very high computing power for
“vectorizable” problems

General purpose computing

(GPGPU): several applications in
lattice QCD, fluid dynamics, medical

physics, etc.

L

The GPUs (Graphics processor units) are the standard
processors used in the commercial Video Cards for PCs

Main vendors: ATI (now AMD) and NVIDIA
Two standards to program the GPU: OpenCL and CUDA

GPU originally specialized for math-intensive, highly
parallel computation

More transistors can be devoted to data processing
rather than data caching and flow control with respect to
the standard CPUs
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.L Video Cards used in the tests

NVIDIA
Quadro 600

NVIDIA
Tesla C1060

NVIDIA
Tesla C2050

Numberofcores m 448

Main memory

Computing
power (TFLOPS)

1.03
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AMD
Radeon HD
5970

320

) 2

4.6




Gianluca Lamanna — 11.6.2011

TIPP2011 -

-
L3

L GPUs in the NA62 TDAQ system -

The use of the GPU at the software
levels (L1/2) is quite straightforward:
just put the video card in the PC

No particular changes to the
hardware are needed

The main advantages is to reduce the
number of PCs in the L1 farms

oard [E| 2, (= o
oard GPU —
10 MHz 10 MHz <:|

1 1 MHz |

Max 1 ms latency

GPU GPU
T4 TV
RO |1MHz L1 100 kHz L2
board PC PC
//\ \LT
—> —
—> LOTP - UP
—> —>
Tt
GPU

« The use of GPU at LO is more
challenging:
o Fixed and small latency
(dimension of the LO buffers)

» Deterministic behavior
(synchronous trigger)

» Very fast algorithms (high
rate)
- -
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GPU @L0 RICH trigger —

« 10 MHz input rate, ~95%

single track S
. 200 B event size > reduced | s
to ~40 B with FPGA st

preprocessing

« Event buffering in order to
hide the latency of the GPU
and to optimize the data
transfer on the Video card

« Two level of parallelism:
o algorithm
o data
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.P Algorithms for single ring search (1) —_

« DOMH/POMH: Each PM YERERRERREE
(1000) is considered as the BN ,:’ EPSE:
center of a circle. For each “\’ \ “‘
center an histogram is SN INIT N
constructed with the distances § ] \ &
- btw center and hits. PRERNeEL S
§ 4 \* Y \ b 4
é . HOUGH: Each h?t is thg | ‘
: center of a test circle with a | JSELY ? M,
3 given radius. The ring S\
E center is the best matching e NG ¢/
© point of the test circles. N S SoRaansaga
S Voting procedure in a 3D 33sasss:
§ parameters space S :’, TH




.L Algorithms for single ring search (2) "

- « TRIPL: In each thread the center of the
- ¢ ring is computed using three points
3/ \ (“triplets”) .For the same event, several
s A TN triplets (but not all the possible) are
SSiEsiE= examined at the same time. The final

\ o center is obtained by averaging the

\ obtained center positions

« MATH: Translation of the ring to centroid.
. In this system a least square method can
be used. The circle condition can be
reduced to a linear system , analitically
solvable, without any iterative procedure.

v
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.L Processing time

Using Monte Carlo data, the
algorithms are compared on
Tesla C1060

For packets of >1000 events,
the MATH algorithm processing
time is around 50 ns per event

The performance on DOMH (the
most resource-dependent
algorithm) is compared on
several Video Cards

The gain due to different
generation of video cards can
be clearly recognized.
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Computing time per ring (us)
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——————————
Algorithms
= — POMH
= — DOMH
- HOUGH
- TRIPL
L — MATH
2000 4000 6000 8000 10000 12000 14000 16000
N. of events
GPU:
- Tesla c1060
— Tesla c2050
Quadro 600
= Radeon 5970 |-
4 l\\
y \ —
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Processing time stability

.
[
L]
L]
L]

The stability of the execution
time is an important
parameter in a synchronous
system

The GPU (Tesla C1060,
MATH algorithm) shows a
“quasi deterministic” behavior
with very small tails.

The GPU temperature, during
long runs, rises in different
way on the different chips,
but the computing
performances aren’t affected.
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.L Data transfer time

g T « The data transfer time
g e significantly influence the
" s00] | —oru-cru /,//// total latency
soof ///// « It depends on the number
5 e of events to transfer
400
B // « The transfer time is quite
Vi
= 2‘“‘/ - stable (double peak
g: 72000 4000 6000 8000 10000 12000 14000 16000 structure in GPU>CPU
\‘: N. of events transfe r)
I .
Y g.F . Using page locked
S I memory the processing
© i ' '
S cPu>GPy parallelized (double data
éfo 801 transfer engine on Tesla
. 60| C2050)
‘5 40__ GPU-‘>CPU
AN
Q
% Lo b b b b b b by b v vy
0 1000 2000 3000 4000 5000 ggl?et?ﬂ& bseoro(qlﬂ%%ogvlg;mo _ *




sm Total GPU time to process N events —_

eventS N. of events

- =, |
= Copy results
Start from GPU to CPU End
\
:OE?}‘. 15|5 23 310 388 |466 . | 621 699 777 855 932
GPU Time
\/ \ 1000 evts per packet
Copy data from Processing time
CPU to GPU
“: . . 500
R/ ¢ Thetotal latency is given by ? F
‘(3 the tranSfer time, the EZOOO:_ """ o Data tranfer+Execution time+Overheads |
! execution time and the 1 a -
500 -~
s overheads of the GPU E -
© . . . . C /
S operations (including the time 1000/
IS spent on the PC to access the -/
. 500 -
T% GPU): for instance ~300 us =
Ql) are needed to pProcess 1000 566" 4000 " 5000 §000 10000 12000 14000 16000
S
(Q\]
Q.
Q.
~
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L

Other contributions to the total
time in a working system:

Time from the moment in
which the data are available in
user space and the end of the
calculation: O(50 us)
additional contribution. (plot 1)

Time spent inside the kernel,
for the management of the
protocol stack :~10 us for
network level protocols, could
improve with Real Time OS
and/or FPGA in the NIC (plot
2)

Transfer time from the NIC to
the RAM through the PCI
express bus

.L GPU Latency measurement

—_—
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.L Data transfer time inside the PC —_

MRTT Distribution, CB=16384, NB=64
credit buffer ring 80 14.7 MHz _
CPU * 11.9 MHz x
snd <€4— chk 70 - “ 7 1gg mn; *
60 |
' ™\
168 ol .
‘ %)
o]
1]
o 40 |
2 .
] 30 |
[tshmmeF](—[ tStampGEN ]5 X
Iy l 20 |
! H x'x\. Fa. o on il » L&
................................. 0 . . . : . . . : .
Altera GX230 @ 250 MHz
~ ~ 0 10 20 30 40 50 60 Y0 80 90 100
runs

« ALTERA Stratix IV GX230 development board to send packets (64B)
through the PCI express

« Direct measure (inside the FPGA) of the maximum round trip time
(MRTT) at different frequencies

« No critical issues, the fluctuations could be reduced using Real Time
OS
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L GPU@L1 RICH trigger -

]

After the LO: ~50% 1 track events, ~50%
3 tracks events A

Most of the 3 tracks, which are
background, have max 2 rings per spot

Standard multiple rings fit methods aren’t B
suitable for us, since we need:
o Trackless
o Non iterative C
o High resolution
o Fast: ~1 us (1 MHz input rate)

New approach-> use the Ptolemy’s theorem (from the first book of
the Almagest)

“A quadrilater is cyclic (the vertex lie on a circle) if and only
if is valid the relation:
AD*BC+AB*DC=AC*BD *




)-

it is considered for a

I

point doesn’t satisfy the Ptolemy

theorem reject it
If the point satisfy the Ptolemy

triplet per point = N+M ftriplets in
theorem

Select a triplet randomly (1
parallel)

Consider a fourth point: if the
riemann sphere, tobin, ...

fast algebraic fit (i.e. math,

L
¢
¢

Continue with the next point.

converges to a candidate

)
center point. Each candidate is
associated to Q quadrilaters

contributing to his definition

For the center candidates with Q greater

Each thread (one thread for each
than a threshold, the points at distance R

hit

L7

e B | yerser] Jrowmac] |
of o] .A bt b et |

b

r..
-

.L Almagest algorithm description

(the candidate radius) are considered for

a more precise re-fit. All the other points

are associated to the second ring
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.L Almagest algorithm results —_

R Resolution (cm) Number of events per packet ™

' « The real position of the two
generated rings is:
12 (6.65,6.15) R=11.0
- (8.42,4.59) R=12.6
« The fitted position of the two
rings is:
= 12 (7.29,6.57) R=11.6
S - (8.44,4.34) R=12.26
1 . Fitting time on Tesla C1060: 1.5
S us/event
: :
G E1.5%
§ (1.5g
Q -
= -1?) 5 6 -4 2 0 2 4 6 8 10 00 4000 6000 8000 10000 _’



.L Conclusions —
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The GPUs can be used in trigger system to define high quality
primitives

In asynchronous software levels the use of video cards is
straightforward, while in synchronous hardware levels issues related
to the total latency have to be evaluated: in our study no
showstoppers evident for a system with 10 MHz input rate and 1 ms
of allowed latency

First application: ring finding in the RICH of NAG2

o ~50 ns per ring @LO using a parallel algebraic fit (single ring)

o ~1.5us perring @L1 using a new algorithm (double ring)
Further applications: Online track fitting (Kalman filter, cellular
automaton, ...), CHOD online corrections, ...

A full scale “demonstrator” will be ready for the technical runs next
spring
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.L Dependence on number of hits

- _— -

« The execution
time depends on gng_ ___________________________________________________________________________________________________________________________________ pfc';',:,':f
the number of 2 |—powk
hits B 40K g._m: |

. Differentslope £ [ _ -
for different § ] S e s s s e
algorithms: £
depending on 010.15_ ___________________________________________________________________________________________________________________________________________________________________________________
the number and - —
the klnd Of 10* Iliil | IBiI | I‘Iil]I | I‘Ii2I | I‘Ii-rflI | I1il:‘rI | I‘IiﬁI | IZil]I | I2i2I | IZi-flI | I2|(:'iI | IZH

operation in the N. of hits per ring
GPU
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s Almagest “a prion” inefficiency —_

S
- ]
- Inefficency matrix
N 30 107
m —
£ -
e
o 25—
£ L
e [
o -
= 20 10
= 15—
o _
N —
© — -3
= 10— 10
| N
© N
S 5
@®© L
g
@®©
\l | | | | | | | | | | | | | | | | | | | | | | | | 10-4
3 5 10 15 20 25 30
g N points - Ring 1
.8 . : . .
©! « Inthe N+M triplets randomly considered, at least one triplet have to lie on one of

the two rings
« If none triplet is good the fit doesn’t converge: inefficiency

« The inefficiency is negligible either for high number of hits or for “asymmetric”—
rings (N#M) ™~
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Hough fit

12 cm test rings

18 cm test rings
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The extension of the Hough algorithm isn’t easy

L

Fake points appear at wrong test radius value - several seeds

L

The final decision should be taken with a hypothesis testing, looping on
all the possible seeds (for instance: the correct result is given by the

L

two seeds that use all the hits) - complicated and time expensive
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.L Trigger bandwidth
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