® A Molecular Dynamics application
® Heavily used @ BSC

® Not much ®

sto Orozco,(BSC)
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® Efficiency? Scalability?
® Can it be improved?

® Test case for our CEPBA-Tools environment
® Feedback/drive or research

® Pperformance analysis tools

® Programming models

® Automatic Load balancing

® |nterconnects

Nucleosome test case
145732 atoms A
TIP3P water model Bty Aghes Noy (UB)
parmBSCO force-field

Berendsen thermostat and barostat,

2 fs time step

constraints on Hydrogens
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XML
control
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Valgrind_| oMPITrace
MRNET
Dyninst, PAPI

Valgrind

strumentatlon

how2gen.xml

Dimemas — Venus

‘ integration

Instr. Level
Simulators

Machine description

J Data Display Tools
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® A story on

® Pperformance
® for (;;)
® Parallel efficiency

® Sequential performance (VMX,...)
® Hybrid programming
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® Raw user metric (ns/day)
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124 / @ GMX4_mn_work_nucleo_nsd
/‘ -a +Zme_mn_stop_nuclm_nsd
ay

—m— GMX4_cluster_work_nsday

1 2 4 8 16 32 64 128 256 512 1024

o
AT
Jesus Labarta. NSC'09 October 2009 6 .




® VMX

® Usual suspects

Procs phase eff
64 all
64 FFTs
64 Particles
Measured 556 a0
256 Particles
256 FFTs

® Lot of communication, large messages,...

Not really good

Bad !!!
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Parallel efficiency
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® Suspect - convicted?

B MPI call Particles @ nuclecsome. 256.orig.clustersd.pry

MPI
Call

S

Message
Size

| [ MPIcall FFTs @ nucleosome 256.orig clusterad prv
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® Who?

®  Machine? Program?

® Average Bandwidth per core ?

® 12-15MB/s

® |deal interconnect

Procs phase
64 all
64 FFTs
64 Particles
Measured 226 2l
256 Particles
256 FFTs
L 256 all
Pr?gg; on 256 Particles
256 FFTs
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Procs phase
64 all
64 FFTs
64 Particles
Measured 256 Al
256 Particles
256 FFTs
L 256 all
Pr?g;c:: on 256 Particles
256 FFTs

eff

® |atency. Need to group messages?
® Sensitivity to network bandwidth?

time

latency impact for different bandwidths (MB/s)
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Time
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VMX
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® Not as much gain as expected ???

CX-]

No
VMX

wmass- 358 xlchd-mpi chopl shifted 2.

i

s o,

Ca A L
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® Histogran of duration: Not uniform impact !!!!
® Across Particle processes

® Between FFTs and Particles FFTs

Particles

Unaful Duration Parsicles @ ruslescame 336 erig.shovinrad gre

No
VMX
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® Histograms of Instructions
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® Impact depends on actual data !!!

ij MPI call Particles @ gromacs-256-xlc32-mpl-waterbox.chop3.i.sl

Ej MPI call Particles @
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Back to parallel performance
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TotalLB
P — Parallel _5*rellPC *C
Parallel _#z = LB*microLB *Transfer n = Farallel _n~re omp

Comm

Performance Factors

—e— Parallel_Eff
—a—LB

Comm
—é—rel IPC
—¥— Comp
—e—uLB
—+— Transfer
—e— Total LB
—==— Efficiency

0 50 100 150 200 250 300

Processors
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Structure: A few colors - o

MPI call
FFTs

make_bsplines

‘ gather_f_bsplines ‘

solve_pme

User functions
@ FFTSs

MPI call
Particles

‘ ewald_LRcorrection ‘

do_nonbonded

User functions
@ Particles
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Scaling structure | ,_ _ Sl
User function @ Particles User function @ FFTSs
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256
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Useful Duration

§ B Pariels ‘um\..ln..ml o @ gromacs- 196 twa-versicles. chepd p

2c1-288-twa-ver

FFTs

® Average point to point bandwidth: 13 MB/s

T [ Parvieins M uugmmn 256 rwa-vartitien chapl pry

MPI calls

E\ I

e
I
I
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® Effects = opportunities

Instructions

Duration
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RGO

Back to sequential performance

 Deparrptey
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64 processes: FFTs VR el o

® Globally balanced but some local imbalance

Imbalance

i“_ﬁf- ﬂ Cluster ID_c1 @ gromacs-64-debv-nucleosome ~hop1.clustered. prv =[O [x

P (Epastl, 415, RinPalntssio)
Trisce "grom - -6d-debug -t L swsons .chopl ¢ Iustersd.pre”

]

Imbalance
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Online analysis

® Nucleosome

L‘::-!.".'.!-_J.‘a.;""
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Online analysis

® PRACE Test case (two versicles)

® Similarities / differences / opportunities (??)
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® Application characterization

Cluster2  Cluster 3  Cluster 4]

Metric Description Cluster 1

Instructions per Load/Store 1,465 1,659
PM_INST_CMPL / (PM_LD_REF_L1 + PM_ST_REF_L1) ' '

Total floating point operations (flops) 1.436.155 3.979.120  6.459.096
PM_FPUO_FIN + PM_FPUL_FIN + PM_FPU_FMA - PM_FPU_STF

FMA % 36,51% 44,12% 37,19%  81,21%
2 * PM_FPU_FMA / flops

Load Mix 25,83% 19,39% 24,93%  24,76%
PM_LD_REF_L1/PM_INST_DISP

FPU Mix 1,06% 8,22% 2,00% 5,32%
fips / PM_INST_DISP
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® Behavior on architecture

Metric Description Cluster 1 Cluster2  Cluster 3  Cluster 4

L1 misses per Kinstr.
(PM_LD_MISS_L1 + PM_ST_MISS_L1/ PM_INST_CMPL) * 1000

Bytes from maim memory per floating point instruction finished
(PM_DATA_FROM_MEM * mem_line_size) / PM_FPU_FIN

L1 cache hit rate
1-(PM_LD_MISS_L1+ PM_ST_MISS_L1)/ (PM_LD_REF_L1 + PM_ST_REF_L1)

PreFay
ATy
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® Real Performance

Metric Description Cluster 1

% preempted time
Preempted Time / Awy. Burst Time

HW floating point instructions per cycle
fiips / PM_CYC

0,024

Local L2 load bandwidth per processor (MB/s)
L1 _cache_line_size * total_Id_I_L2 / Avg. Burst Duration
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Cluster 2 Cluster 3

[Avg. Burst Duration (ps) 21.260,58 8.243,17

1,725% 1,503%

36.604,90

1,574%

0,043

#VALUE!

Cluster 4]

5.790,58

1,302%

Mem.BW (MB/S) . ) 29,7 20,4 1760 20208
(PM_DATA_FROM_MEM * mem_line_size ) / Awy. Burst Duration

0,112

M floating point lnétructons rate 51 96,97 253,16
flips / Awg. Burst Duration

8.424,28]

Hybrid MPI + OpenMP
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Hybrid parallelization

® OpenMP parallelization

® Pparticles by Christian Simarro (BSC)

® 256 MPI x 4 openMP

® FFTs by Sebastian von Alfthan (CSC)

ot [ - 0

130 procs!!!!
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Hybrid parallelization

® FFTs
® Partial parallelization
® Too synchronous

® MPI - OpenMP —MPI — OpenMP ...
® 0OS scheduling issues

Not Parallelized

G RN

o
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Hybrid parallelization 5y e

® Particles

of private(tabledata, nrnb_ind, nlist, outeriter,
nneriter, tabletype, kernelptr) shared(fr,nblists)

=iy ;i) {
if (something)
compute(); ‘\
3

Very imbalanced Few iterations

Big difference
across processes
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Dynamic Load Balancing run:'t,':_'ime-__,;:_--j_ e

® MPI + OpenMP (StarSs) BT-MZ class D @ 32 way Power6

® Job is started with P MPI processes each
with 1 OpenMP thread

® Processes blocking at MPI calls lend cores to
other processes

® GADGET @ 800 cores: Sup=2.5

_ BT-MZ class D @ 32 way Power6
!

18 -} # MPI Procs

PreFay
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® Applications: Nothing IS, everything CAN BE

® Can always be different, input data dependent
® |mportant to get insight into actual behavior.

® Need dynamic run time optimization

® GROMACS: an interesting case
® Really heterogeneous application
® Serialization and load balancing issues
® A target for MPI + SMPSs

® Automatic Load Balance

®  Overlap communication/computation

® The need for cooperative work
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