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' Online
Hardware counter interface
(PAPI, rusage, PERF, plugins)

Score-P measurement infrastructure

Instrumentation wri)er

Accelerator-based
parallelism
(CUDA, OpenCL,
OpenACC)

Application

|

1

Call-path profiles

Event traces (OTF2) (CUBE4, TAU)

Thread-level

Process-level
parallelism
(MPI, SHMEM)

Source code Sampling
instrumentation interrupts
(Compiler, PDT, User) (PAPI, PERF)

parallelism
(OpenMP, Pthreads)
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OpenMP Instrumentation in Score-P

OPARI2 OMPT

* Source-to-source instrumentation -

* Annotation of OpenMP directives
and runtime library calls

* Recompilation of code necessary

Standardized interface to obtain
information from the OpenMP
runtime system

State information & event
callbacks

Support by OpenMP runtime
implementations necessary
(e.g., mandatory vs. optional
event callbacks)
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Case Studies
Sparse Matrix Vector Multiplication — Load Imbalances
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Sparse Matrix Vector Multiplication

V1 aij1 0 4n1 X1

Ym Am1 *° Amn Xn
— A sparse matrix is a matrix populated primarily with zeros
— Only non-zero elements of a;; are saved efficiently in memory

— Algorithm

foreach row r in A
ylr.x] =0
foreach non-zero element e in row
yvir.x] += e.value * x[e.y]
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Sparse Matrix Vector Multiplication

— Naive OpenMP algorithm

#pragma omp parallel for
foreach row r in A
y[lr.x] =0
foreach non-zero element e in row
ylr.x] += e.value * x[e.y]

— Distributes the rows of A evenly across the threads in the parallel
region

— The distribution of the non-zero elements may influence the load
balance in the parallel application
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Sparse Matrix Vector Multiplication
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Sparse Matrix Vector Multiplication

— Improved OpenMP algorithm

#pragma omp parallel for schedule(dynamic,1000)
foreach row r in A
ylr.x] =0
foreach non-zero element e in row
ylr.x] += e.value * x[e.y]

— Distributes the rows of A dynamically across the threads in the
parallel region
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Sparse Matrix Vector Multiplication

“ File Edit Chart Filter Window Help =8l x|

=R OEEEH FJQ\I“S_m

Timeline f Function Summary
0s 1s All Processes, Accumulated Exclusive Time per Functlcn
: : : 30s 15s
X T —— s for @66

A 0.64 s ! I$omp implicit...ier @smxv.c.75
0.246 5 | byteswap
0.227 s | drv_init

~ Master thread
OMP thread 1
OMP thread 2
OMP thread 3

OMP thread 4 0.148 5| y_Ax_serial
OMP thread 5 11.68 ms | drv_fini
QOMP thread 6 9.152 ms | Somp barrier @smxv.c:251

3.964 ms | 1$omp barrier @smxv.c:243
3.606 ms | I$omp parallel @smxv.c:237
2.221 ms | y_Ax_omp
1.29 ms | drv_prepare
507.591 ps | main
170.259 ps | l$omp master @smxv.c:244
8.205 ps | l$omp implicit...er @smxv.c:254

OMP thread 7

All Processes, Exclusive Time per Function Group

80 % Function Legend
OMP_API
OMP_SYNC

60 % OMP_LOOP
Application
OMP_PARALLEL

40 % THREADS
Monitor
USER

20%

0%
L] L]

1.78s

November 14, 2018 Studying OpenMP with Vampir & Score-P 10



TECHNISCHE
UNIVERSITAT
DRESDEN

e

iH

Zentrum far Informationadienate
und Hochleistungarechnen

Sparse Matrix Vector Multiplication
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Case Studies
Heat Conduction — Propagation of Load Imbalances
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Heat Conduction
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Case Studies

Trinity RNA-Seq Assembler — Comparing Performance
between Different Process Numbers
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Trinity RNA-Seq Assembler - Comparing Performance
between Different Process Numbers
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Root cause was the frequent creation
and destruction of string stream

objects within an inner loop

The creation was internally locked by a
mutex, which produced excessive wait

times

Solution was to move the string
stream object creation before the loop
and only clear the string streams in

the inner loop

This resulted in better scaling (parallel
speed up increased from 2.3 to 8.9)
and reduced serial runtime (for the

test data set from 72s to 45s)

The introduced modifications resulted
in a 22% improvement in overall run

time
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Trinity RNA-Seq Assembler - Comparing Performance
between Different Process Numbers
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Case Studies

LSMS - Comparing Performance between
Different Hardware
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LSMS - Comparing Performance between Different Hardware
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The system supports CUDA MPS, which allows
sharing of GPUs between multiple processes
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Detailed comparison of one iteration on Titan vs. roughly 2.5 on Summitdev
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LSMS - Comparing Performance between Different Hardware

— To evaluate if CUDA MPS can
speed up LSMS, we run it with
varying numbers of threads and
processes per node

— LSMS is most resource efficient if
the total number of threads and
processes divides the number of
simulated atoms evenly

— Using all 20 cores is faster than
the other variants, although it
adds occasional waiting time on
the “left-over” threads

— The increase in MPI waiting time
(more red in the green and cyan
timelines) is negated by better
GPU utilization

— GPU MPS uses the GPU more
efficiently. But not using four
cores per node negates this

advantage
November 14, 2018
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Exploratory comparison of different process vs. thread setups.
- White: 4 processes times 4 threads per node (16 total) (1 process per GPU)

- Blue:

4 processes times 5 threads per node (20 total) (1 process per GPU)

- Green: 8 processes times 2 threads per node (16 total) (2 processes per GPU)

- Cyan:
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16 processes times 1 thread per node (16 total) (4 processes per GPU)
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