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Problem

Different type and speed of Non-uniform collective communication
interconnect between computing of MPI processes in HPC software
cluster cores
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*Cornell Virtual Workshop Communication graph of ZeusMP software
https://www.cac.cornell.edu/VW/Optimization/levelscomm.aspx

Is it possible to gain the performance of HPC application by minimization of communication time?
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Optimization problem specification

Task graph: G1(P,L),Li = (b;,d),i=1,...,N
System graph: GZ(V,D),Dj = (lj, bj),j =1,..,.M

L. - latency

n; — data exchange frequency
b; - bandwidth

d; — data volume

P = set of MPI processes Searching task graph vertices mapping on

system graph so that sum of edge weights
Objective function: function is minimal:

. N _
* For the prototype the simplified formulation is used: task graph weight is an amount of
exchanged data and system graph edges weight is data exchange “speed” ratio (Shared

Memory =1, IB = 2). The sum of the products of corresponding mapped edge weights is the
objective function.

V —set of cores
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Optimization algorithm flowchart

Opt|m|-zat|on Optimization iteration
algorithm
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for each pair of (u, v)

Search initial mapping where u and v are

vertices of G1
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Swapping the u and v and calculating the

objective function

Optimization iteration

Is objective
function better?

Is objective
function better?

Swapping the u and v and calculating the
objective function
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Samples of task and system graphs

Synthetic test graph Synthetic test graph QBox graph
(2 groups of 4 processes) based on (3 groups of 4 processes) (2 groups of 12 processes can be
Intel MPI statistics(I_MPI_STATS)

System graph Synthetic test graph
( cluster of 2 nodes with 4 cores in each) (2 groups of 6 processes)
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Launch and optimization methodology

Generate MPI Generate MPI

config file for il co_lle.ctlng Optimization config file for
. . statistics .
statistics task mapping

Run with task
mapping

Launch MPI application with config:
mpirun --configfile Config.txt

Sample Config.txt for collecting data exchange statistics on 4 cluster nodes:

-env |_MPI_STATS 4 -env |_MPI_STATS_FILE /path/to/stat.txt -n 4 -host nodel /path/to/application
-env |_MPI_STATS 4 -env |_MPI_STATS_FILE /path/to/stat.txt -n 4 -host node2 /path/to/application

-env |_MPI_STATS 4 -env |_MPI_STATS_FILE /path/to/stat.txt -n 4 -host node3 /path/to/application
-env |_MPI_STATS 4 -env |_MPI_STATS_FILE /path/to/stat.txt -n 4 -host node4 /path/to/application
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Custom optimizer

(developed software)

Two-phase Optimizer based on greedy algorithm is developed:

Phase 1: Collect test launch statistics — launches application with small benchmark to collect
exchange statistic and build the task graph

Phase 2: Optimize and generate config file with task mapping. Launch application with
optimized config file.

Input data:

Host list, which is used to generate config file to collect communication statistics

Working directory

Application path and parameters

Extra parameters which will be included to the generated config file

For phase 2 only: Statistics file, which was generated by test launch of application with enabled |_MPI_STATS mode.

nhwneE

Output data:

1.  Config file to collect exchange statistics (before test launch)
2.  Problem graph in GraphViz representation (after test launch)
3.  Configfile to run application (after optimization)
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Custom optimizer

(developed software)

Usage example
Command line to generate config with “Optimizer” to collect communication statistics

Optimizer -H hostlist.txt -A "/path/to/application" -S original.cfg --extra="-env |_MPI_STATS
4 -env |_MPI|_STATS_FILE /path/to/stat.txt -wdir /path/to/work/dir"

Command line to generate optimized config with “Optimizer”
Optimizer -H hostlist.txt -A "/path/to/application" —O optimized.cfg --extra="-env
|_MPI_STATS 4 -wdir /path/to/work/dir " --statsfile=stats.txt

hostlist.txt — path to file with list of nodes name. Content of hostlist.txt:

node400 12

node402 6

node400 and node402 here are nodes name, 12 and 6 are numbers of cores on this nodes correspondingly.

—A “/path/to/application”. This path should point to MPI application to run.

In a field “—extra” additional parameters for mpirun program are given:
“-env |_MPI_STATS 4 -env |_MPI_STATS_FILE /path/to/stat.txt” — this is needed to gather statistics from application
run and a path “/path/to/stat/file.txt” should point to file to store statistics. Directory “/path/to/stat.txt” should be
accessible for writing for the current user.
“-wdir /path/to/work/dir” — this option specify work directory for application. Usually it should point to directory
with test data.

“--statsfile=stats.txt” — this option specify where program “Optimizer” should search file with gathered statistics.
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Launch and optimization methodology

The example of generated config for 4 nodes (node448, node449, node453,
node454), each of them has 4 cores (content of original.cfg):

-env I_MPI STATS 4 -env I_MPI_STATS FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 4 -host noded448 /path/to/application
-env I_MPI STATS 4 -env I_MPI_STATS FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 4 -host noded449 /path/to/application
-env I_MPI STATS 4 -env I_MPI_STATS FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 4 -host node453 /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 4 -host /path/to/application
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Launch and optimization methodology

The example of optimized config (content of optimized.cfg):

-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 2 -host noded448 /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 2 -host /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 1 -host node449 /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 2 -host noded448 /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 3 -host node449 /path/to/application
-env I_MPI_STATS 4 -env I_MPI_STATS_FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 4 -host noded453 /path/to/application
-env I MPI STATS 4 -env I MPI STATS FILE /path/to/stat/file.txt -wdir
/path/to/work/dir -n 2 -host /path/to/application

Optimizing rank-to-node mapping 10



Launch and optimization methodology

Config.txt for native mode launch on 2 Intel® Xeon Phi™ nodes:

-n 60 -host micO /home/test//path/to/application
-n 60 -host micl /home/test//path/to/application
Fragment of Config.txt after task mapping

-n 5 -host micO /home/test//path/to/application
-n 1 -host micl /home/test//path/to/application
-n 4 -host micO /home/test//path/to/application
-n 2 -host micl /home/test//path/to/application
-n 1 -host micO /home/test//path/to/application
-n 3 -host micl /home/test//path/to/application
-n 4 -host micO /home/test//path/to/application
-n 1 -host micl /home/test//path/to/application
-n 1 -host micO /home/test//path/to/application
-n 1 -host micl /home/test//path/to/application
-n 3 -host micO /home/test//path/to/application
-n 1 -host micl /home/test//path/to/application
-n 1 -host micO /home/test//path/to/application
-n 2 -host micl /home/test//path/to/application
-n 1 -host micO /home/test//path/to/application
-n 1 -host micl /home/test//path/to/application
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Cluster configuration

«Tornado SUSU» Supercomputer
http://supercomputer.susu.ac.ru/en/computers/tornado/

Number of nodes/cores: 1-400/ 12-4800*

Intel® Xeon™ X5680 (Gulftown, 6

Gk cores 3.33 GHz) — 2 CPU per node

COPROCESSOR: Intel® Xeon Phi™M SE10X (61 cores)

RAM: 24GB per node DDR3-1333

Interconnect: InfiniBand™ QDR (40 Gbit/s)

Control network: Gigabit Ethernet

OS Linux Cent OS 6.2

Benchmarking Software Coral QBox 1.40b

Build Tools Il?tel® C++ Compiler XE 14.0.1 for
Linux

MPI library Intel® MPI Library 4.1.3.045

*All benchmark launches was performed with processes per node = 12
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Synthetic test and results on

InfiniBand and Ethernet

Synthetic MPI test: 2 groups of 6-processes
communicating with each other in the group
and weak inter-group communication

Larger benchmarks:
10x16 groups with
intensive data exchange
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Synthetic test and results on

InfiniBand and Ethernet

Task graph (10 groups with 12 cores) InfiniBand results, 10 nodes
Niierations 100 1000 10000
A group of strongly connected Vintra 1000000 100000 10000
12 processes Vinter 1000 100 10
t, sec 1755 23.21 5.96
t,ow SEC 880 9.56 1.01
s S=t/t,.. 2 2.42 5.9
Ethernet results, 4 nodes
Niterations 1000 Niterations — number of
o iterations,
Vintra 100000 Vinra — intra node exchange
Vinter 100 data size (humber of doubles),
8 t, sec 962 Vinter — inter node exchange
data size (number of doubles),
10 a topt,S€C 41 t —initial time (sec.),
S=t/t, . 23 t,pe— Optimized time (sec.)

Summary: A synthetics benchmark with tight connected processes gives a good speedup
on 10 nodes connected by InfiniBand and even better speedup on 4 nodes connected by
1GB Ethernet network
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Synthetic test and results on

InfiniBand and Ethernet

QBox non-uniform communication task graph (2 x 12 processes)

Summary: The considered Qbox benchmark has a
good scalability up to 100 nodes. On greater number
of nodes efficiency decreases. On larger task
scalability is better (benchmarks in paper [9]) and it is
possible to get better results.
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QBox benchmarking results

Optimization Speedup %
21%
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Mean value 17%
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Summary: Forward optimization (mapping intensive data exchange to shared memory) improves
performance for 16-20%. The prediction for >1000 nodes is the same 16-20%. Inverse optimization
(mapping intensive data exchange to InfiniBand) is better in custom cases (paper [2]) and can be
achieved only considering network topology.
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Benchmarking results for LAMMPS,

NAMD, ZeusMP

1,1

Positive effect

A
v

Negative effect

LAMMPS 20 nodes LAMMPS 40 nodes NAMD 20 nodes NAMD 40 nodes ZEUSMP 20 nodes ZEUSMP 40 nodes

B speedup after inverse optimization B speedup after forward optimization

Summary: Optimization is ineffective for various reasons for other tested HPC software benchmarks
(LAMMPS, NAMD, ZeusMP). The cause is mostly bad scalability of benchmarks and initial sequential
mapping best optimized for computations so remapping is ineffective.
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Efficiency analysis of the proposed

method for HPC software

Optimization with positive effect is possible:
1. Software with non-uniform collective communication

4.

between large amount of parallel processes (using MPI
functions MPI_AllToAll, MPI_AllGather, MPI_AllScatter, etc. in

source code) in case of existing processes groups with tight
communications

For any number of nodes in case of slow interconnect
(Ethernet)

For large number of nodes (>10 nodes) in case of fast
interconnect (InfiniBand)

In case of large amount of data exchanged

Optimizing rank-to-node mapping 18



Efficiency analysis of the proposed

method for HPC software

Optimization with negative effect is possible:

1. For HPC software with low scalability on large amount of
cores (LAMMPS, NAMD)

For software with uniform communications (LINPACK, etc.)

For software run on small number of nodes (< 10 nodes) and
InfiniBand interconnect

4. For software where initially consequent mapping of the
processes gives maximum performance of communications
(e.g. grid decomposition)

5. For software with small run time
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Possible next steps

1.

Complication of the objective function taking
into account the bandwidth and latency

. Adding a network topology to system graph
. Adding new system graph levels (e.g.

coprocessor Intel® Xeon Phi™)
Benchmarking on larger amount of software

. Researching the prediction possibility of

performance gain by initial run on smaller
number of nodes
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Intel MPI 5.1 Beta static tuning

N
e mpitune --rank-placement --hostfile-in hosts.in -a \"mpiexec.hydra ... my_app\”“
J
e collecting statistics then extraction of data transfers A
. . e measurement of latencies by forked “mpiexec.hydra -machinefile hosts.in
reparation “«
ohase topo_graph_gen )
N
e permutation of host list, time-limit for suboptimal solution (10 sec. by default)
oLzl o result is hostfile-out and configuration file
and result Yy,

e mpiexec.hydra -tune file.cfg... my_app
e mpiexec.hydra -configfile file.cfg... my_app
e mpiexec.hydra -machinefile hostfile-out... my_app
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