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e High-energy physics experiments record collision events at rates of e Seed finding is a combinatorial problem: form triplets of points, n* e Thread divergence is an important ;',ggg : \ N St —
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e Particles are identified based on their trajectories or tracks e SOTA reduces combinatorics using spatial grouping into bins e Thread coarsening and refinement can reduce 5o fa) S ;Wd:d —
e We aim to reconstruct continuous particle trajectories from discrete o Leads to imbalanced bins and inflexibility divergence; no models are available for the <o Ng B
measurement points: track reconstruction e \We propose a novel method using kd trees with ©(n%3) search impact on performance i POy o et L A
e We tackle both real-time and non-real-time processing of data: high o Allows dynamic search regions and is efficient on GPUs e \We propose a new statistical model for the L808§ P wf;{gg ;
performance required in both cases o Requires analytical translation from compatibility criteria to performance loss in SIMT applications with ?E%gf T ”18 y
e The pipeline consists of structurally different algorithms axis-aligned search queries stochastic workloads S o O Fois(30) with 32 paralel urits of work.
e Upcoming upgrades will increase data volume: CPU solutions will not o Significant performance improvements in CPUs and GPUs o Enables analytical evaluation of the efficacy ;Slgﬁgi i . %h:md‘uﬁ =
suffice — how can we run on massively parallel GPUs? of optimizations R TR R LR L R

(d) U(20,40) with 2 parallel units of work.

//; Vgt Vs ST WSS e e o Requires only a priori knowledge of the - L A A A v
48% 2 8% 35000 - —e— Existing algorithm o o o . §0:04 - - | S
Wy EZX e Lony |~ Svatil search aigorithm workload distribution, which can be S0 | L, Meammd — ]
/ ) ) N 5 K | _ N | ‘ ! ' ! ‘ ! — ! 1 . 1 ‘
- N 1 12 14 16 18 2 22 24 26 28 3
éi// i N\ /// = 25000 measu red ! (e) NB(5,0.3) with 4 parallel units of work.
p%7 ! ><>; % % 20000 -
/| N =
/ = S £ 15000 - ol
// // zzxik <>< 8% 3 J e _
/] %8 % Q N 2 L/ A ) 10000 - sagguills 0.1 : : : : : | = 0.32 T T | T T T T T T n
//// LTS Q // Z8Y = 0.08 . 1 0.24 lwl=2 — |w|=16 — -
741 // i Ve zz ////// 5000 - - 882 [ 1 2 016 lw|=4 — |w|=32 - -
/ )< // )4 d /, 0 1 qi%’ 0:02 L _ ; 0.08 L |W| =8 — N
/ 1 -5 SOWO 5 0 2 | 34 Bs| V| W T T T | ~ r%ﬁ\' ' | | ! | :. L]
\ 4 % ¥ /] /1 0 | | | | N 0 -
W Q //// ° o HO000 1 12 14 16 18 2 22 24 26 28 3 E =
B z ] 2R // )% / Number of m* 0 10 20 30 40 50 60 70 80 * . . . . . . . .

Hit Clustering Spacepoint Formation Seed Finding Track Parameter Est. Combinatorial Kalman Track Fitting

Structured grids, graph traversal, sparse data Map-reduce, dense linear algebra N-body, graph traversal Map-reduce, dense linear algebra Branch-and-bound, structured grids Structured grids, dense linear algebra

Conclusion

) , . e // = 1 . ) )
e Morton layouts provide balanced spatial locality = ;/; g/g e \We need very fast track reconstruction for future high-energy physics
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data. In-memory layout affects performance! o Implemented using bit interleaving 2z 2s e State-of-the-art track reconstruction does not translate well to GPUs:
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e Thereisa large design space across hardware and software e Allowing arbitrary interleavings gives very large DT TR :j/:j 17225 workloads are too iImbalanced with poor accesses patterns
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o Including e.g. GPU texture units T family of layouts with novel cache properties, but 22 B s e \We tackle different pipeline stages with specific, novel solutions
e \We propose methods for automated exploration of this space EI there are too many layouts to explore exhaustively 7/“7 /// O VT o New algs. for seed finding and others that reduce imbalance
using compile-time composition e Explore space using evolutionary algorithms o Model of divergence to evaluate refinement and coarsening
o Data layouts, interpolation methods, bounds checking, etc. o We are able quickly to find layouts with superior o Systematic exploration of multi-dimensional data storage
o Allows automated exploration with native performance cache behaviour over canonical row- and o Evolutionary approach where design space is too large
SN Spm. SN ChMN. column-major layouts in some applications I e \We demonstrate the first GPU-enabled track finding software which
\”://“\ \pr’\W " R S R o Can improve performance by up to 10x! 100000000, runs efficiently on GPUs (>5x speedup over CPU solutions)
% 10° _ . jfjj:e_&ia\aﬂ i =l 1ot : - ; 0000110002 800 . | | ;
Il seatasaensnsss =t & out I U S== 0t RORIBNEGe T SR f(1002,0112,1012) = |, 100100001, = S 1310 .. epmmmmem
reray ook . ;é 10 : = w{—fﬁe{}-;{;\gi g 10° _ &= S8 o » o S — 1001110012 | P |
- ~ 107 58 210 2;2 2|14 2;6 518 10° 28 2;0 212 2;4 2;6 518 MMTikj (p = —0.78) - TrackEd g — - E
ayout 3 5 3 5 RS nitial instantaneous velocity (mm per time unit nitial instantaneous velocity (mm per time unit . i . ®  MMijk (p = -0.67 caL e - H— iy Track Fitting é 200 =
- S . I (al) AMD EPYC 7402111 (48};l£readf) ) e (a) NVIDIA ,lcuooﬂ ’ ! ﬁ 02 7 1000 { ° ) e ?Mij(iz_:_—oo:;)s; E oL E /_\ /iz\ @/sms [&QQ s il ) :%: 400 |
Bounds check N3 5 N3+1 R3+1 >R3 o l l l I 10% I l I ' é 0.1 - E 800 . . * e Jacobi2pD (p :'—0.76) | - " ceuS:C—CL/"—W UUUUUU \Agg._,\mgasuremem/’_-;;pacep"i"f:B].n—m,y' \SLEmg/ﬂ—\/—CKFKamter %’
N [ ] Noqoll b5 sa ' é .‘. . e imeno (p = —0.61 o - Tl Mg ..... Seeding -~ . o / -E 300
‘ ‘ ' - - % 10° E?ﬁmg - 7 ﬁ%fﬁﬁgs@_&rw : % 10 E%@@S%B\Sga ) 3 600 - £ . ° IC{holesksyzp = —0.8)3) % &jm ’/ \& / aaaaa Kaéan fj{ter
Linear interpolation R3 — (N%)% xR3 (R3% xR3 > R3 s : S = T 1010 Sa- SS—85>g e %, - = n - Kalman filter 200 |
§ 108 L = % 0.0 - T T T 1 T T T T ’ “ i:i.‘i;& .:‘ %
S ) ) , \ = S 100 L > 06606 o0 o0 oo o . . ’ . 200 - L) ? SO Aot o o |
Affine transform R3 5 RS R3 5 R3 < . | | | | e = " ’ | - | - | ? 0\6(9 (}0& .(0@(\0 O‘O@Q ®®% ®®\l_\ @\ik é\&-\ . I' o o8 .,I... f:l;.ﬂ..l | E r‘ G ’
28 210 il i 216 2 28 210 ke Js 216 218 & R \’0(' N 0.05 0.10 0.15 0.20 0.25 ° _T ) 4 18 116 ;2 64
- “ ) ol Xeo E5.2630 o5 (3 socets, 52 ey OV Access Patter e

Stephen Nicholas Swatman, et al., 2022. "Modelling Performance Loss due to Thread Imbalance in Stochastic Variable-Length SIMT Workloads”. In Proceedings of the 2022 30th International '
Symposium on Modeling, Analysis, and Simulation of Computer and Telecommunication Systems (MASCOTS), Nice, France. DOI: 10.1109/MASCOTS56607.2022.00026. Contact me at me@Stephenswatman-nl-
Stephen Nicholas Swatman, et al., 2023. “"Systematically Exploring High-Performance Representations of Vector Fields Through Compile-Time Composition™. In Proceedings of the 2023 ACM/SPEC

International Conference on Performance Engineering (ICPE), Coimbra, Portugal. DOI: 10.1145/3578244.3583723 The work presented in this poster was supported by the CERN doctoral student
Stephen Nicholas Swatman, et al., 2023. “Finding Morton-Like Layouts for Multi-Dimensional Arrays Using Evolutionary Algorithms”, under review at PPoPP 2024, Edinburgh, United Kingdom. programme and by the University of Amsterdam.




