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Challenges of white-box performance modelling in HPC

Vision: white-box first-principle performance modelling
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Challenges of white-box performance modelling in HPC

It’s intricated (bottlenecks interact, systems are noisy, etc.)
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Process 0 Texec Thon—exec Texec T hon—exec
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Motivating example (1)

MPI parallel Lattice Boltzmann fluid solver
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3023 lattice cell, 8 GB data set, non-blocking, 1D domain decomposition, distance-
1 communication, 10 Emmy@RRZE sockets @2.2 GHz
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Motivating example (2)

MPI parallel STREAM TRIAD
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Lessons learned (1): Impact of idle wave on overlap
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Idle wave: delay propagation across processes in each iteration
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Communication pattern and concurrency: compact N H R @ FAU

1: while d < dims do 1: while dir < bi do

2 while dir < bi do 2 while d < dims do
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Communication pattern and concurrency: compact
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Communication pattern and concurrency: heterogeneous
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Idle wave propagation: 3D jacobi smoother

One MPI process per ccNUMA
— Processgrid: 4Xx5x0
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Idle wave propagation: 3D jacobi smoother NHR @ FAU

One MPI process per ccNUMA
Process grid: 2x 6 X 10
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Idle wave propagation: sparse MVM with HPCG matrix
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Idle wave propagation: sparse MVM with HPCG matrix

Process grid: 4x3x 5
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Idle wave propagation: sparse MVM with HPCG matrix

Process grid: 4x5x 5
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Idle wave propagation: Adaptive Mesh Refinement - miniAMR
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Lessons learned: Impact of idle wave on overlap

Afzal et al.

IEEE Cluster 2019
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Lessons learned: Impact of idle wave on overlap
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Lessons learned: Impact of idle wave on overlap

Afzal et al.

IEEE Cluster 2019
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Non-linear interactions of idle wave FAU
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Non-linear interactions of idle wave with system topology
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Lessons learned: Impact of idle wave on overlap

Afzal et al.

IEEE Cluster 2019
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Lessons learned: Impact of idle wave on overlap N H R @ FAU

Afzal et al.
IEEE Cluster 2019
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Scalable versus contented processes
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Scalable versus contented processes
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Lessons learned: Impact of idle wave on overlap

Afzal et al.

IEEE Cluster 2019

DOI:10.1109/CLUSTER.2019.8890995

ISC HPC 2021

DOI: 10.1007/978-3-030-78713-4_19

ISC HPC 2020

DOI: 10.1007/978-3-030-50743-5_20
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Lessons learned: Scope NHR @ FAU

Intel MPI 19.1
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Lessons learned: Scope N H R FAU
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Performance: MPI parallel Sparse Matrix-Vector Multiplication

Listing 1: CRS based SPMVM kernel

Listing 2: SPLIT-WAIT mode

Listing 3: NON-SPLIT mode

1: double :: valA[nnz], b[nr], x[nr] ;

2: int :: colldxA[nnz], rowPtrA[nr + 1], tmp ;
3: for row=0:nr—1do

4: tmp = 0.0 ;

1: while iter < niters do
MPI_Irecv ;
MPI_Isend;

MPI_Wait ; x

local_spMVM (A, x, b) ;

remote_spMVM (A, x, b) ;

1: while iter < nilters do
g MPI_Irecv ;
MPI_Isend;
MPI_Wait ; x
local_spMVM (A, x, b) ;

5:  for idx = rowPtrA[row] : rowPtrA[row + 1] — 1 do
6: tmp += valA[idx] * x[colldxA [idx]] ;

7: end for

8: b[row] += tmp ;

9: end for

MPI_Barrier ;

MPI_Barrier ;

swap (b, x) ;
9: end while

swap (b, x) ;

end while

3
4
5:
6: remote_spMVM (A, x, b) ;
7:
8
9:

CJFAU
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Performance: MPI parallel High Performance Conjugate Gradient |\ | g ]z @ FAU

Better speed-up with less-synchronizing collective variant even if it not the most efficient implementation
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600

400

200
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Large amount of time spent in the MPI library is not necessarily harmful if overlapping useful work

Ayesha Afzal <ayesha.afzal@fau.de> | NHR PerfLab Seminar 2022 April 26, 2022



Performance: MPI parallel Lattice Boltzmann fluid solver

4

Tcomm
Pseudo implementation of parallel LBM  g§ Teomp
S E
1: while iter < nlters do £s
2: stream_collide_update (lattice, u_lid, omega); z2
3: set_boundary_condition (u_lid); 1 — >
4. MPT Tsend : % Collective time step
5: MPI:Irecv D *
g: Mﬁ) I_walilt ’ date O NOISE IS NOT DETRIMENTAL
: ghost_cells_update ();
8: if ((iter % collective_step) == 0) then High collective
9: MPI_Allreduce ; frequency
10: end if
11: swap (local_src_lattice, local_dst_lattice) ;
12: end while Speedup with higher

automatic overlap
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Performance: MPI parallel LULESH proxy application
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£ = o) =

0 500 99 i|E ¢ s

= 1= 04} > =

= =c=0 e

Receiver rank

0 40 40 40 40 4

Imbalance -b

Overlap effect is swamped by dominating laggers =» no benefit
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PIPELINE mode

NON-SPLIT mode lower code balance

forp=0:n,—1do
fork=0: " —1do SeuTwAiTmode P - o ST
—0 - ork=0:-%— o il N A ® =132 =32
forp =01y —1do forp=0:n,—1do  comm_init(Up); g % " : B8
swap(W,U) ; P=1alp MPI wait() : S 50] BB ny=2 20 B n,=2
S E— swap(W,U) ; _wait() ; 3 7
comm_init_finalize(U) ; —r fork=0:" —2do = 40
W« 2l + BT - W comm_int(U) ; Oco 2 5
. S — local kernel ; comm_init(U;) ; g 10!
p  (W,U) ; 2 : kernel() ; 5 20
(i R d & MPI_wait() ; ernely() ; &
Pp <= <q yU) . < remote_kernel ; MPI_wait() ; g 10 Ba
X X+ gpepW ; end for end for 0 0
end for end for kernelr. _;(); 0 2 4 6 8 10 0 2 4 6 8 10
end for end for Threads per socket Threads per socket
(a) TOPI-EHN (b) SPIN26
Matrix Traits® Data-type e = i Tz Mngpr Size [GBJ* 0 e »
- e . 200 | i\'(\ 40 |- oy d =
SPINZ0 Z20-13-1 double TOZUUGU0 - 125608400 1% T3 'é ! v r PRI
SPIN28* 28-14-1 double 40116600 601749000 15 74 s 400 A\ S 8o e
SPIN30* 30-15-1 double 155117520 2481880320 16 304 : 600 o &I Y
z 120 ARG ey
— . 2 800 N
Mg-My-M; Communication distances (nnodes = 64) Message sizes [kB] (nnodes = 64) c% 1000 X 159 b
M1 1-1-nnodes :tly _20a -19 10507 10570128 3 \\."\ R EEE R R
M2 1-npodes-1 +1,420,+19 1050,48,8 1279 ‘ kRonsnuaunmuenunnans
M3 flnodesl-l +1 1050 0 500 1278 500 2127948 EATSIiIiitiliielitls
M4 1-\/finodes-v/Tmodes +1,-20,+160, +159, —19 1050, 105, 48, 8,0.128 =
M5 \/finodes1-y/Mnodes +1,-20,-19 1050, 105,0.128 Receiver rank  Receiver rank S |spesrseressmEnEruzny
M6  \/Minodes-y/Tmodes-1 +1,-20, —140, —19, —141 1050, 48, 48,8, 8 7 10 siiariiiiaaaiiiiaiia
M7 2-4-, /Minodes +1,—20, —480, —160, —481, —159, —19 1050, 105,48, 48,8,8,0.128 (b) SPIN26/30 (c) SPIN28 SEEEEEiiiiiiiiiizON
M8 O el +1, 20, —560, —80, —561, —79, —19 1050, 105, 48, 48,8,8,0.128 15 lessunssuunnnnunn®iy
M9 N i +1,—20, 80, —79, —81, —19 1050, 105,96, 8,8,0.128
(a) TOPI-EHN Time step
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B 8 M1-Non-spLith ) M1-Spert] [ M1-PreeLinel] B M2-Non-sprrt{] [ M2-SpLrtl] 1 M2-PreeLinel B M3-Non-spertl] [ M3-SpLitl] ] M3-PIpELINE Better Over_lap for decomposition
B 8 M4-Non-spLitl] ] M4-SpLit(] [ M4-PreeLiNel B M5-Non-spLit(] [ M5-spLit] (1 M5-PreeLinel B M6-Non-spLitl] [ M6-spLitl] [] M6-PIPELINE of slow ide wave and large
B B M7-Non-spLitl] {1 M7-SpLrtl] [ M7-PreeLinel B Ms-Non-spLit(] [ M8-SpLrtl] (1 M8-PreeLinel B M9-Non-sprrtl] [ M9-SpLitl] 1 M9-PIpELINE communication overhead
4000 r _
3000 f TOPL n, = 2 i WITH BARRIER
%_, 2000 | 1 . .
g Pipeline mode better
& 1000 | :
9) (non-split suffer more for
g o0 . more saturating case)
g 6000 1
: TOPI, ny, = 32
ug 4000 ]
g WITHOUT BARRIER
2000 | ]
ol Non-split mode on-par with
1280:64 pipeline mode or even better
Number of processes n,, : number of nodes nnodes = Mg MyMm. for more saturating case
Mo SPIN26-1,2-NON-SPLIT [] [] SPIN26-12, 32-NON-SPLIT[| [] SPIN26-14,2-SPLIT-WATIT [| [] SPIN26-124, 32-SPLIT-WAIT[| (] SPIN26-11,2-PIPELINE
m 600 |- (10 SPIN26-n,32-PIPELINE 0o SPIN28-7 2-NON-SPLIT [] [1 SPIN28-12432-NON-SPLITE] [ SPIN28-722-SPLIT-WAIT [] [] SPIN28-72 32-SPLIT-WAIT |
~ 00 spin2s-ny2-PreeLiNe (10 SPIN28-n,32-PrpELINE [0 SPIN30-ny2-NoON-spLIT [ 11 SPIN30-n5, 32-NON-spLIT(] [] SPIN30-7152-SPLIT-WAIT Overlapping via exp]icit
& [0 SPIN30-n,32-SPLIT-WAITH [ SPIN30-ny2-PIPELINE (][] SPIN30-2 32-PIPELINE - .
8 400 ‘ I N I programming technlques may
o *'H not be necessary for
Q
é UH strongly bandwidth-saturating
5 200 code with large (but not dominant)
S
3 L communication overhead
0 1280 due to the presence of natural
Number of processes n,, overlap by desynchronization
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