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How to Boost the Performance of Your MPI and PGAS Applications
with MVAPICH2 Libraries

A Tutorial at the
MVAPICH User Group (MUG) Meeting ‘18

The MVAPICH Team
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Designing (MPI+X) for Exascale

e Scalability for million to billion processors
—  Support for highly-efficient inter-node and intra-node communication (both two-sided and one-sided)

e Scalable Collective communication
— Offloaded

— Non-blocking
— Topology-aware

e Balancing intra-node and inter-node communication for next generation multi-/many-core
(128-1024 cores/node)

— Multiple end-points per node
e Support for efficient multi-threading

e Integrated Support for GPGPUs and Accelerators

e Fault-tolerance/resiliency
e QoS support for communication and I/O

e Support for Hybrid MPI+PGAS programming
e MPI+ OpenMP, MPI + UPC, MPIl + OpenSHMEM, CAF, MPI| + UPC++...

e \Virtualization
e Energy-Awareness

MVAPICH User Group (MUG) Meeting’18



Overview of the MVAPICH2 Project

o High Performance open-source MPI Library for InfiniBand, Omni-Path, Ethernet/iWARP, and RDMA over Converged Ethernet (RoCE)
—  MVAPICH (MPI-1), MVAPICH2 (MPI-2.2 and MPI-3.1), Started in 2001, First version available in 2002
—  MVAPICH2-X (MPI + PGAS), Available since 2011
— Support for GPGPUs (MVAPICH2-GDR) and MIC (MVAPICH2-MIC), Available since 2014
— Support for Virtualization (MVAPICH2-Virt), Available since 2015

\
— Support for Energy-Awareness (MVAPICH2-EA), Available since 2015 4 ﬂ\%
XXt/ .

— Support for InfiniBand Network Analysis and Monitoring (OSU INAM) since 2015

— Used by more than 2,925 organizations in 86 countries // ’ \\
— More than 484,000 (> 0.48 million) downloads from the OSU site directly 1 7 Years & ‘
NN/
— Empowering many TOP500 clusters (Jul ‘18 ranking) Count’ng.’ ﬁ\vg—i/
e 2" ranked 10,649,640-core cluster (Sunway TaihuLight) at NSC, Wuxi, China //;%////I\\)\ X
e 12t 556,104 cores (Oakforest-PACS) in Japan // / )/
2001-2018

e 15t 367,024 cores (Stampede2) at TACC

e 24t 241,108-core (Pleiades) at NASA and many others

— Available with software stacks of many vendors and Linux Distros (RedHat and SuSE)

e Empowering Top500 systems for over a decade

MVAPICH User Group (MUG) Meeting’18
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Architecture of MVAPICH2 Software Family

High Performance Parallel Programming Models

Message Passing Interface PGAS Hybrid --- MPI + X
(MPI) (UPC, OpenSHMEM, CAF, UPC++) (MPI + PGAS + OpenMP/Cilk)

High Performance and Scalable Communication Runtime
Diverse APIs and Mechanisms

Point-to- . Remote . .
. Energy- 1/0 and Fault
o1 Collectives rgy VEmory / Virtualization Active Introspectio

- Job Startu :
Primitives Algorithms P Awareness Access File Systems Tolerance Messages n & Analysis

Support for Modern Networking Technology Support for Modern Multi-/Many-core Architectures
(InfiniBand, iWARP, RoCE, Omni-Path) (Intel-Xeon, OpenPOWER, Xeon-Phi (MIC, KNL), NVIDIA GPGPU)

Transport Protocols Modern Features Transport Mechanisms Modern Features

SR- Shared o .
RC XRC ub DC UMR oDP CMA IVSHMEM XPMEM * NVLink CAPI
10V Memory

* Upcoming

MVAPICH User Group (MUG) Meeting’18



MVAPICH2 Software Family

MPI with IB, iWARP, Omni-Path, and RoCE MVAPICH2

MPI with IB, RoCE & GPU and Support for Deep Learning MVAPICH2-GDR
InfiniBand Network Analysis and Monitoring OSU INAM
Microbenchmarks for Measuring MPI and PGAS Performance OvVB

MVAPICH User Group (MUG) Meeting’18
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Presentation Overview

e Job start-up

e Point-to-point Inter-node Protocol

e Transport Type Selection
e Multi-rail

e Process Mapping and Point-to-point Intra-node Protocols

e C(Collectives

e MPI_T Support

MVAPICH User Group (MUG) Meeting’18
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e Near-constant MPl and OpenSHMEM

initialization time at any process count

g c On-demand
g-% Connection e 10x and 30x improvement in startup time
B % @ PMIX_Ring of MPland OpenSHMEM respectively at
qg)'f PGAS — State of the art @ PMIX_lbarrier 16,384 processes
o <

e e Memory consumption reduced for remote
§% MPI — State of the art @ PMIX_lallgather Y P
GE) S endpoint information by O(processes per
> PGAS/MPI — Optimized 0 @ Shmembased PMI 1 4q)

e 1GB Memory saved per node with 1M

Job Startup Performance
processes and 16 processes per node

@ MA@ +A?5@(&.55+H34.5(1?75?6+A+53(G.,(MO+5I'K(?5@(MO+51'K!IO$%. Chakraborty, H. Subramoni, J. Perkins, A. A. Awan, and D K
Panda, 20th International Workshop on High-level Parallel Programming Models and Supportive Environments (HIPS ’15)

@ $%(KL3+5*4.5*%(G.,(IH?J?CI+(1$%(133, 8ltRraborty, H. Subramoni, A. Moody, J. Perkins, M. Arnold, and D K Panda, Proceedings of the 21st
European MPI Users' Group Meeting (EuroMPI/Asia '14)

@% .5 NCJ.H=456($%(KL3+5*4.5%G.,(Q?*3(!1$% (B ZR#MFborty, H. Subramoni, A. Moody, A. Venkatesh, J. Perkins, and D K Panda, 15th
IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (CCGrid '15)

@ I'KI$Wo(  RIF?,+@(HA., D(C?*+@($%(G.,(%A0,.S+@($+,G., A?5H+(?5@ (IH2 IPaKFBBMDEH. Subramoni, J. Perkins, and D K Panda,
16th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (CCGrid '16)
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Startup Performance on KNL + Omni-Path

MPI_Init - TACC Stampede-KNL MPI_Init & Hello World - Oakforest-PACS
2@ 25
P6intd MPI2018 keta _ Helb World(MVAPCH2-2.3) 21s
— » 20
g E
O .
§ “®-MVARCH2 23a § 15 @=MP| Init(MVAPICH22.39)
210 =
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Number of Processes

e MPI _Init takes 51 seconds on 231,956 processes on 3,624 KNL nodes (Stampede — Full scale)
* 8.8 times faster than Intel MIPl at 128K processes (Courtesy: TACC)
At 64K processes, MPI_Init and Hello World takes 5.8s and 21s respectively (Oakforest-PACS)

e All numbers reported with 64 processes per node
New designs available in MVAPICH2-2.3a and as patch for SLURM-15.08.8 and SLURM-16.05.1

MVAPICH User Group (MUG) Meeting’18



On-demand Connection Management for OpenSHMEM+MPI

Performance of OpenSHMEM

Breakdown of OpenSHMEM Startup Initialization and Hello World

— 3 _ 120 _
T 35 @ Co nnection Setup %‘ Hello World - St atic
o c 100
9 55 JBPMIExchange S & Initialization - Static
(%) (<))
~ Memo ry Re gistration w»w 380
S 20 _ L e =¢=Hello World - On-dem and
= B Shared Mem ory Set up 2 60
= 15 o =9 Initialization -On-d emand
v .Oth er o 40
£ 10 &
- . =
5 = 20
H-E-B ;
0
32 64 128 256 512 1K 2K 4K 16 32 64 128 256 512 1K 2K 4K 8K
Number of Processes Number of Processes

e Static connection establishment wastes memory and takes a lot of time

e On-demand connection management improves OpenSHMEM initialization time by 29.6 times
e Time taken for Hello World reduced by 8.31 times at 8,192 processes

e Available since MVAPICH2-X 2.1rcl

MVAPICH User Group (MUG) Meeting’18



How to Get the Best Startup Performance with MVAPICH2?

MV2_HOMOGENEOUS CLUSTER=1 //Set for homogenous clusters
MV2_ON_DEMAND_UD INFO _EXCHANGE=1 //Enable UD based address exchange

Using SLURM as launcher Using mpirun_rsh as launcher
Use PMI2 e MV2_MT_DEGREE

— ./configure --with-pm=slurm --with-pmi=pmi2 — degree of the hierarchical tree used by

— srun --mpi=pmi2 ./a.out mpirun_rsh

Use PMI Extensions e MV2_FASTSSH_THRESHOLD

Patch for SLURM available at — #nodes beyond which hierarchical-ssh scheme is

htto.//mvapich.cse.ohiostate.edu/download/ used
Patches available for SLURM 15, 16, and 17 e MV2 NPROCS THRESHOLD

PMI Extensions are automatically detected by
MVAPICH2 — #nodes beyond which file-based communication

is used for hierarchical-ssh during start up

MVAPICH User Group (MUG) Meeting’18
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Presentation Overview

e Point-to-point Inter-node Protocol

e Transport Type Selection
e Multi-rail

e Process Mapping and Point-to-point Intra-node Protocols

e C(Collectives

e MPI_T Support

MVAPICH User Group (MUG) Meeting’18
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Analyzing Overlap Potential of Eager Protocol

Application Application
Process Process

Network Interface Network Interface

Card Card

Schedule
Schedule .
Receive

Check for Check for

Comppletion

"HHESWE' (%) +#,)&-..-.+.&/-01$-+&)221*% &' (%) *+)#-,'(%)*
3-(4),5+'0'#(-,+#,)6,-..-.+&)221*%&' (%) *+%*+(/-+7'&56,)1*0

"H#H#HP%&' (%) *+#,)&-..+8,--+()+#-,8),2+1.-81$+&) 2#1(-+%*+(/-+8),-6,)1*0
Overlap of computation and communication => Better Overall Application

Performance

Increased buffer requirement

Poor communication performance if used for all types of communication

operations
8
Threshold=4K ——  Threshold=16K -%-
Threshold=8K -» Threshold=32K -8-
~
S R
[ D]
[0}
2
&
§4>< . ”x__xu
O
X-... I s DTS TN SUURIOSPPE: Ut s
D 2 BB B R BT R
>
0 I 1 I 1
1 4 16 64 256 1K

Message Size (Bytes)

O2#'&(+)8+&/*6%*6+:'6-,+;/,-./)$0+)*+#-,8),2*&-+)8+21 5806, +2-..'6- <'(-+

7-*&12' 5+4%([+=>+#,)&-..-.+)*+?('2#-0-
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Analyzing Overlap Potential of Rendezvous Protocol

Application Application
Process Process

Network Interface Network Interface

Card Card

Schedule
Schedule .
Receive
Send Qgeration

Operatign

Check for

Copipletion

“

Check for I

Not Complete

Check for

—

Not Comp

omplete
Check for

Check for

. Progress

. Communication

Application processes schedule communication operation

Application process free to perform useful compute in the

foreground
Little communication progress in the background

All communication takes place at final synchronization

Reduced buffer requirement

Good communication performance if used for large
message sizes and operations where communication

library is progressed frequently

Poor overlap of computation and communication => Poor

Overall Application Performance

MVAPICH User Group (MUG) Meeting’18
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Performance Tuning on Multi-Rail Clusters

Impact of Default Message Striping on Bandwidth Impact of Default Rail Binding on Message Rate Impact of Advanced Multi-rail Tuning on Message
70 00 ™ 7 ™ 8
% s
< 6000 : 6 E 7
% 50 00 g g 5 z e 6
Q e 3 € 2 5
2 40 00 o & 4 s &
£ g = sz 4
3 200 s 2 =5
s 2 =
@ 1000 = 1 s 1
0 = 0 0
N % Lo o X Lo N ™ b © L N% Lo o L o
x@‘q@xﬁf\\&@g@b\%\ﬁ R N '*b‘!’.&k’g@*sﬁ \gﬁ\*\ek@@b&&
Message Size (Bytes) Message Size (Bytes) Message Size (Bytes)

Two 24-core Magny Cours nodes with two Mellanox ConnectX QDR adapters
Six pairs with OSU Multi-Pair bandwidth and messaging rate benchmark

MV2_IBA HCA I Manually set the HCA to be used Unset I To get names of HCA
ibstat | grep “CA”
MV2_DEFAULT_PORT I Select the port to use on a active multi port HCA 0 I Set to use different port
MV2_RAIL_SHARING_LARGE_MSG_THRESHOLD I Threshold beyond which striping will take place 16 Kbyte
MV2_RAIL SHARING_POLICY I Choose multi-rail rail sharing / binding policy Rail Binding in I Advanced tuning can
I For Rail Sharing set to USE_FIRST or ROUND_ROBIN Round Robin result in better
I Set to FIXED_MAPPING for advanced rail binding options mode performance
MV2_PROCESS_TO_RAIL_MAPPING I Determines how HCAs will be mapped to the rails BUNCH I Options: SCATTER
and custom list

. Refer to Enhanced design for Multiple-Rail section of MVAPICH2 user guide for more information
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Process Mapping support in MVAPICH2

Process-Mapping support in
MVAPICH2

(available since v1.4)

/\

Preset Binding Policies | User-defined binding

Policyé bunch
(Default)

scatter MPI rank-to-core binding

core :
socket numanode @ Granularity
(Default)

I "H#3%&'()*+,-,.-/*012.,//21*31.45-,.-61,*3-*728336;.4
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socketl
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corel core3
coreS core?/
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socket socke
core0 core corel core3
cored coreb core5 core7
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e A new process binding policy — “hybrid”
— MV2_CPU_BINDING_POLICY = hybrid

* A new environment variable for co-locating Threads with MPI Processes
— MV2_THREADS_PER_PROCESS =k
— Automatically set to OMP_NUM_THREADS if OpenMP is being used

— Provides a hint to the MPI runtime to spare resources for application threads.

e New variable for threads bindings with respect to parent process and architecture
— MV2_THREADS BINDING POLICY = {linear | compact}

e Linear — binds MPI ranks and OpenMP threads sequentially (one after the other)

— Recommended to be used on non-hyper threaded systems with MPI+OpenMP
e Compact— binds MPI rank to physical-core and locates respective OpenMP threads on hardware threads

— Recommended to be used on multi-/many-cores e.g., KNL, POWERS, and hyper-threaded Xeon, etc.
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Presentation Overview

e Collectives

e MPI_T Support
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Problems with Blocking Collective Operations

Application Application Application Application
Process Process Process Process

. Computation

. Communication

| "H#EP%E&' )X HEH'S, +() &&H*+-,+%0.,[+0#H1+(H#F2%0*,
3 A#+#5,16)2+#H0+(HS2%* ) HEA+) &I+ (HS%E& () F #E&
3 7&,00'(,&*+
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MPI Tools Information Interface (MPI_T)
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MPIL_T usage semantics

Control
Variables

Performancg
Variables

AlloSc AEssion
AlloSaicandle

Rea Wit /Reset
Sta < Jpvar

Query Metadata

AlloSaicandle

Ree. "W e var

Free Handle

Finalize MP}T
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Narme MaxValue MinValue MeanValue Std. Dev. NumSamples Towal

. Name / MaxValue MinValue MeanValue Std. Dev.  NumSamp. Total
2_totalvbuf_memory (Total amount of memaory In bytes used for VBUFs!

e d o o - b 1,815,056 1,815,056 1,815,056 0 1 1,815,056

0 0 0 ) 0 mv2_ud_vbuf_allocated (Number of UD VBUFs allocated) 0 0 0 0 0 0

o o o o o o mv2_ud_vbul_available (Number of UD VBUFs available) 0 0 0 0 0 0

g g g g g 0 mv2_ud_vbuf_freed (Number of UD VBUFs freed) 0 0 0 0 0 0

320 320 320 0 1 320 mv2_ud_vbul_inuse (Number of UD VBUFs inuse) 0 0 0 0 0 0
255 255 255 0 1 255 mv2_ud_vbuf_max_use (Maximum number of UD VBUFs used) 0 0 0 0 0 0
25,545 25 S48 25 545 o 1 25,545 mv2_vbuf_allocated (Number of VBUFs allocated) 160 160 160 0 1 160
o+ - o A ; . mv2_vbuf_available (Number of VBUFs available) 9 94 94 0 1 94

89 89 89 ° " P mv2_vbuf_freed (Number of VBUFs freed) 5,479 5,479 5,479 0 1 5,479
mv2_vbul_inuse (Number of VBUFs inuse) 66 66 66 0 1 66
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Enhancing MPI_T Support
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ece T Pl Masager
File Options Help
® Applications TrialField Value
» CStandard Applications wms T Fyas e _alocated Current level of allccated memcry withn the M1 library | =
¢ = Default App MPI_T PVAR[10} mv2_num_2level_comm_success Number of successful 2-level comm creations |
v+ 3 Default Exp MM T PVAR[IL] m2 sum shemeen coll calls Numbar of temes MV2 shared-mamery collective calls were invoked
v @ lulesh pok MPI_T PVAR[ 12} mpt_progress_pol CH3 RDMA progress engine polling count |
o TIME MP1 T PVYAR{13] mn2 smp dp : CH3 SMP read progress engine polling count ]
= D Default (OB A2 Mome M T PVA Ve e CH3 SMP write progress engine polling count |
M1 T PVA mv2_Smp_ rogress po. success Unsucessful C43 SMP read progress engine polling count |
MFL T PVARILED mul smp wrte progress poll suce . Unsucessful CH3 SMP write progress engine polling count |
MP T PVARILTL roma ud retransmissions CHI RDMA UD retransmission count
MPI_T PVAR[18] mw2_coll_bcast_binomial Number of times MV2 binomial beast algorithm  was invoked :
ML T PVARLISD il con ot scatter doeutieg sl Number of tenes MV2 scatter sdouble aligather Beast algorithm was invoked |
MP_T PVAR[1] mem_allocated Maxomum level of memory ever allocated within the MP1 library |
MFL T FVARIZOL mal ool boast scatter ring allgather Numbaer of tmes MV2 scatter+ring aligather bcast algonthm was invoked |
WP BUARIILL sl o beat seatter ring allgath  Mumber of times MV2 scatter+ring aligather shm beast algorithm was invoked |
MP1 T PVAR[22]) mwv2 coll bcast_shmem Number of tmes MV2 shmem bcast algorithm was invoked |
MP T PVARIZ3] e coll Beast kmomial_internode Numbar of tmas MV2 knomial internode beast algorithm was invoked |
M T PVA vl oon _boawt smomial intrancce  Number of trmes MV2 knomial intrancde beast algorthm was invoked
MPI_T PVAR[2S] mw2_coll_bcast_mcast_internode Numbar of times MV2 mcast internode beast algorithm was invoked :
MP T PVARIZSL D _bcant_ppelined Dar of benes MV2 pipeli ‘m.lgonlhmwumvo&od u
MPI_T PVAR|27 ) mv2_coll_alitoall_inplace Number cf trmes MV2 n-place alltoad aigorithm was mnvoked I
MM T PYAR[2S v2_coll alitcall bruck Numbaer of times MV2 brucks alitcall algerithm was invoked
MP_T PVARIZSE mv2_coll_alitcell rd Number of trmes MV2 recursive-doubling altoall algorithm was invoked I
MP1 T PVAR[2] num malioc_calls Number of MPIT_malioc calls
SFY PVARIIOT w2 _coll_alitoell 3 Number of tenes MV2 scatter-destination alltoall algorithm was invoked I
MPI_T PVAR{IL) mv2_coll_altoall pw Number of brmes MV2 pairwise alitoall algorithm was mvoked
MP_T PYAR[I2] mpt_alitcallv_mw2 _pw Numbar of times MV2 pairwise alitoallv aigorithm was invoked I
VARI XS] s sirecece_shm rd Number of trnes MV2 shm rd allreduce algonthm was invoked
MPI_T PYAR{34] mv2_coll_alireduce_shm_rs Number of times MV2 shm rs alireduce algorithm was invoked |
MP T PYARL3S _coll_aliracioce shen intra Number of tenes MV2 shm intra allreduce algorithm was invoked ]
MP T PVAR[) & ol _alireduce_intra_plp Number of tmes MV2 intra p2p allreduce algorithm was invoked |
MP T PYAR[3T _coll_alireduce 2 Numbaer of tmes MV2 two-level alireduce algorithm was invoked
§F1 Y PVARISB] w3 coll alirediuce shenem Number of tenes MV2 shmam allreduce algorithen was imvoked j
MP T PVAR[IS) m ofl_afiredwce_mcast Number of bmes MV2 multicast-based allreduce algonthm was invoked .
MPM_T PVAR[3] o Numbar of MPIT_calloc calls |
v vAR| & Number of registrabion cache hats |
MPI_T PVARI4L Number of registration cache misses |
MY PVAR[L] Number of VBUFs allccated |
MP_T PVAR[&D Number of VBUFs allocated |
MPI T PYAR[ 44 Numbaer of VBUFs freed
MY PVaAR[ES Number of UD VBUFs allccated |
MPI T PVAR] 45 Number of UD VBUFs freed |
MY PVAR[4Y) Number of tme we attampted to free VEUFs |
M T PVAR[S8) mv2_wiw ot _success Ume Average trme for number of times we sucessfully freed VBUFs ‘
MEPL T FVARLAS] mul v free attempt_success tima Average time for number of times we sucessfully freed VBUFs |
MP Y PVARIG] e memalcon cally Number of MPIT_memalign calls ]
MPI_T PVAR[SO) mv2_vbed allocate_time Average tme for number of times we allocated VBUFs |
. §) NPT PVARISE v2_vind aliocate tme Average tme for number of times we allocated VBUFs

&./,3+*EF(GH+(G#)(G+@B
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CVARs Exposed by MVAPICH2

Network Based Computin

L N N T el Marager
File Options Melp
e Applications TrialFiald Value
v c3Standard Applications | |Local Time 2016-08-16710:11:04.07:00
+ 3 Default App MP| Processcr Name carbarus. nic. uoregen. edu ‘
+ @2 Default Exp MPIR_CVAR_ABORT ON_LEAXED HANDLES If troa, MPI will call MPI_Abort at MPI_Finakze if any MPI cbject handies have been leaked For eample.
v @ lleah ppk MPIR_CVAR_ALLOATHERV PIPELINE_MSO_SIZE The smallest message size that will be used for the pipelined, large- ring algorithm in the MP1_..

eTIMNE
~ 3 Default (jdbc:h2:fhome

,,p,_._',_ A-VILL AT u[n_x_’m“.M 5G SIZE
MPIR_CVAR ALLGATHER _SHORT MSG_SIZE
M[n‘d:-, /AR _ALLREDUCE SHORT “Man \,7:
MPIR_CVAR_ALLYOALL_MEDIUM H/u_. 4
MPIR_CVAR ALLTOALL _SMORT MS5G _SIZE

MPIR_CVAR ALLTOALL THROTTLE
MPIR_CVAR ASYNC PROGRESS

MPIR CYAR BCASTY LONG M5S0 SIZE
MPIR_CVAR BCASY MiN PROCS
MPIR_CVAR_BCAST_SMORT_MSG :'Z(
MPIR_CVAR CHM3 EAGER_MAX MSG_SIZE
MPIR CVAR ".'N) ENABL E M ()ll

MPIR_CVAR CHE INTERFACE HOSTRAME
MPIR CVAR CHI NOLOCAL

MPIR CVYAR CHY 00D EVEN CLICQUTES

MPIR CVAR CHY PORT RANDI

Ml'|u.~ .‘Aw: -l\‘IlMA }u C IMMID
MPIRCVAR CHY RMA OC NUM COMPLETED
MPIR CVAR CHY RMA OC NUM TESTID
MPIR CVAR CHY RMA LOCK IMMED

MPIR CVAR CH3 - !

MPIR CVAR CH3 RMA NREQUEST THRESHOLD
Mplﬁ_l:.hﬁ CHOP _ERROR _STACK

MPIR_CVAR L ALIAS CHECK

MPIR \'.Aﬂ kk H” |Pl” Jse QS0RT
MPIR_CVAR CTXID EAGER SIZE

MPIR (_.AP_.)EBJ _HOLD

MPIR_CVAR _DEFAUL T_Y-«r-Af;_;E‘.‘FL

MPIR_CVAR DUMP_PFROVIDERS

MPIR_CVAR ENABLE COLL_FT_RET

MPIR CVAR ENABLE SMP_‘LL’EDUCE

) 0

MPIR_CVAR _ENABLE SMP_BARRIER
MPIR_CVAR_ENABLE_SMP_BCAST
MPIR_CVAR _ENABLE SMP COLLECTIVES

MPIR_CVAR_ENABLE SMP_REDUCE
MPIR CVAR ERROR CHEC ' NG

MPIR_CVAR CATHEﬂv _INTER_SSEND_MIN_PROCS

MPIR CVAR GATHER J' TER SHORT NS _‘.A
MPIR CVAR knu[n .,MALL M5G :-lZ[
MPIR_CVAR _IBA_EAG SER 'HPE:HI T

MPIF CVAR HA( _INU NE  _SIZE

MPIR CVAR MAX SMP ALLREDUCE MSG SIZE

"3 RMA MERGE LOCK OF UNLOCK
MPIR JCVAR O3 RMA NREQUEST NEW_THRESHOLD

For MP1_Aligather and MPI_Aligatherv. the long message a
For MP1_Aligather and MPI_Aligatherv, the short
the short message algorithm will be used #f the send buffer size is <= ths value (in

the medium message algorithen will be used if the per-destination message size (sendcount® sizelsendtyp. .
the short message algorithm will be used # the per-destination message size (sendcount*size{sendtypel) ...
max no. of irecvs/sends posted at a time in some altoall algorthms. Setting it to O causes all irecvs/isen...
ogress on all communicati...
Lat's define shoet messages 43 messages with size < MPIR_CVAR_BCAST _SHORT _MSG_SIZE, and mediu.

If st to true. MPICH will imtiate an addtional thread to make asynchronous pe
Lat's define short messages a3 messages with size < MPIR_CVAR BCAST SHORY MSG $IZE. and mediv

thm will be used if the send buffer size is ..
algorithm will be used if the send buffer size is. .

Let's define short messages as messages with size < MPIR CVAR lCAST SHOM‘ M5G SIZ! and mediv. .

This cvar controls the message size at which CH3 switches from eager to rendezvous mode.
If true, enable HCOLL collectives,
If non-NULL. this cvar specifies the 1P address that other processes should use when connecting to this pe

If true, force all processes to operate s though all processes are located on ancther node. For example,

If true. odd procs on & node are seen as local to each other. and even procs on a Rode are seen as local t

The MPIR_CVAR _CHY_PORT_RANGE environment variable allows you to specify the range of TCP ports

Use the immedate accumulate optmization
Threshold for the number of completed requests the runtime finds before  stops trying to fad more co.
Threshold for the number of RMA requests the rustime tests before it stops trying to check more reques
I3 & request for the passive target RMA lock iImmedistely. Default behavior is to defer the lock reque.
Enabla/daable an optimaation that merges lock. op. and unlock

, for single-oparation passve ta.

Threshold for the number of new requests since the last attempt to complete pending requests. Higher .|
Threshold at which the RMA implementation attempts to complete requests while completing RMA oper ..
If >0, truncate error stack output lines this many characters wide. i 0, do not truncate, and # <0 use a ..

Enable chacking of alusing m collective oparations
Use geort(d) in the implementation of MPI_Comm_split instead of bubble sort.

The MPIR_CVAR CTXID_EAGER SIZE environment variable allows you to specity how many words i th ..
If true. causes processes to wait In MPI_Init and MPI_initthread for a debugger to be attached. Once the ...

Sets the default thread level to use when usag MPI_INIT
If troe. dump provider information at int

DEPRECATED! Wil be removed in MPICH-3.2 Collectives called on a communicator with a failed process... |

Enable SMP aware allreduce.

Enable SMP aware barner

Enable SMP aware broadcast (See also: MPIR_CVAR_MAX _SMP_BCAST MSG_SIZE)
Enable SMP aware collective commeanication

Enable SMP aware reduce.

If true. perform checks for errors, typically to verfy vald inputs to MPI routines. Only effective when M.
Use Ssand (synchronous send) for intercommunicator MPI_Gatherv if the “group B* sz is >« this valve. ., |
use the short message algerithm for intercomenunicator MPI _Gather # the send buffer sae is < this value.,

use a temporary buffer for intracommunicator MPI_Gather if the send buffer size is < this value (in bytes..
0 {cld) -» 204800 (new). This set the switch point Between eager and rendezvous protocol

This set the maximum inline size for data transfer

Maximum message sz for which SMP-aware alreduce is used. A value of O uses SMP-aware allreduce ...

Courtesy: The TAU Team
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Name A\ MaxValue
mv2_total_vbuf_memory (Total amount of memory in bytes used for VBUFs) 3,313,056
mv2_ud_vbuf_allocated (Number of UD VBUFs allocated) 0
mv2_ud_vbuf available (Number of UD VBUFs available) 0
mv2_ud_vbuf_freed (Number of UD VBUFs freed) 0
mv2_ud_vbuf_inuse (Number of UD VBUFs inuse) 0
mv2_ud_vbuf_max_use (Maximum number of UD VBUFs used) 0
mv2_vbuf_allocated (Number of VBUFs allocated) 320
mv2_vbuf_available (Number of VBUFs available) 255
mv2_vbuf_freed (Number of VBUFs freed) 25,545
mv2_vbuf_inuse (Number of VBUFs inuse) 65
mv2_vbuf_max_use (Maximum number of VBUFs used) 65
num_calloc_calls (Number of MPIT_calloc calls) 89
num_free_calls (Number of MPIT free calls) 47,801
num_malloc_calls (Number of MPIT_malloc calls) 49 258
num_memalign_calls (Number of MPIT_memalign calls) 34
num_memalign_free_calls (Number of MPIT_memalign_free calls) 0

?2@*+A(&.B0/3456(C@D.,@3..E
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MinValue
3,313,056

o O O © O

320
255
25,545
65

65

89
47,801
49,258
34

0

MeanValue
3,313,056

o O O © O

320
255
25,545
65

65

89
47,801
49,258
34

Std. Dev.,

O O O O O OO0 O O O OO O O O O

NumSamples

L I T et el el el e = T« T o T o T e

Total
3,313,056

o O © ©O ©

320
255
25,545
65

65

89
47,801
49,258
34

0




VBUF usage with CVARs

mv2_ud_vbuf_allocated (Number of UD VBUFs allocated)
mv2_ud_vbuf_avallable (Number of UD VBUFs avallable)
mv2_ud_vbuf_freed (Number of UD VBUFs freed)
mv2_ud_vbuf_inuse (Number of UD VBUFs inuse)
mv2_ud_vbuf_max_use (Maximum number of UD VBUFs used)
mv2_vbuf_allocated (Number of VBUFs allocated)
mv2_vbuf_available (Number of VBUFs available)
mv2_vbuf_freed (Number of VBUFs freed)

mv2_vbuf_inuse (Number of VBUFs Inuse)

mv2_vbuf_max_use (Maximum number of VBUFs used)
num_calloc_calls (Number of MPIT _calloc calls)

num_free_calls (Number of MPIT_free calls)

num_malioc_calls (Number of MPIT_malioc calls)
num_memalign_calls (Number of MPIT_memalign calls)
num_memalign_free_calls (Number of MPIT_memalign_free calls)

@ Applications TrialField
¥ & Standard Applications MPI Processor Name
MPIR CVAR VBUF POOL_SIZE

¥ o Default App
¥ 9 Default Exp
¥ @ bt-mz.E.vbuf_pool_16.1k.pp
@ TIME

MaxValue
1,815,056

OCO0OO0CO0OO

94
5,479
66

66

89
130
1,625
56

MinValue
1,815,056

(= 2R = = = -

160

5,479
66

66

89
130
1,625
56

Value

MeanValue
1,815,056

(=~~~ -

94
5,479
66

66

89
130
1,625
56

Std, Dev.  NumSamp..,

o000 O0O0OCO0OOQCOC0QOCO0OCOOCO0OO0OO0O O

€526-502.stampede.tacc.utexas.edu
0 (old) ~> 16 (new), This set the size of the VBUF pool

Total memory used by VBUFs is reduced from 3,313,056 to 1,815,056

Courtesy: The TAU Team
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1,815,056

coQCQOO

160
94
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66

66
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VBUF Memory Usage Without CVAR

Name: mv2_total_vbuf_memory (Total amount of memory in bytes used for VBUFs)
Value Type: Max Value

0 | Std. Dev.
3313056 Mean
B B L L — T [
3313056 L] node
331306 ] node2
3313056 ] node 3
331306 L ] node 4
3313056 node 6
331306 B ] node?
E B B L —
3313056 L] node 9
331306 ] node 10
3313056 ] node 11 :

Name: mem_allocated (Current level of allocated memory within the MPI library)
Value Type: Max Value

143781.312 [] Std. Dev. .

9169957.312 ) Mean
9316731 [ ] nodeO

9142635 node 2
9142635 ] node3
owe2e3s ] noded
9142635 ] nodeS
9142635 node 7
9142635 [ ] node8
9142635 | ] node 9

Courtesy: The TAU Team
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Name: mv2_total_vbuf_memory (Total amount of memory in bytes used for
VBUFs)

Value Type: Max Value

1815056 node 0
1805992 b ] node 128
1808992 L ] node 256
1805992 node 512
1805992 L] node 640
1805992 b ] node 768
1805992 1 node 896
1797007664 ] Mean
1796928 node 1
1796928 node 2
1796928 node 3

1796928 ] node 4

Name: mem_allocated (Current level of allocated memory within the MP1
library)

Value Type: Max Value

737918.783 [ Swd. Dev.
8599582.66 Mean

Y
7993643 [ ] node O
7801167 node 1
7801163 node 2
7626815 node 3
7801163 node 4
7801167 node S
B149867 node 6
8324223 node 7
8498571 node 8

J(+KO.,3(L#)MLI#&NM!$%MLMS$"#I10P8
J(+KO.,3(LA)M!$%MLM&"#IM!QLI%&OP!$%IM&"#IM"?)FM$RRCMO%SQ
J(+KO.,3(LA)M!$%MLM&"#IM"#C)QOPS:

J(B04,/5(1B0(8BUVWAu_exec -T mvapich2 XY@X./3
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GPU-Aware (CUDA-Aware) MPI Library: MVAPICH2-GPU

| "#35%E&$' &()*+(,%o#-". $/-0(10-&(.2' (1%, . ,-&(&$#$(324-3-%#
| 5$6-0($&4$%6#$7-(2.(8%,.,-&(9, #1$:(;&&'-00,%7(<=>(?8@;(ABCD(
| E4-:$FO(&$#$(324-3-%#(.'23(G*8(H,#(I@); (#'$%0.-'0(

At Sender:

(

MPI_Send(s_devbuf, size, E); inside 1|
MVAPIEH2

At Receilver:
MPI_Recv(r_devbuf, size, E);

High Performance and High Productivity

MVAPICH User Group (MUG) Meeting’1l
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e Support for MPlI communication from NVIDIA GPU device memory

e High performance RDMA-based inter-node point-to-point
communication (GPU-GPU, GPU-Host and Host-GPU)

e High performance intra-node point-to-point communication for multi-
GPU adapters/node (GPU-GPU, GPU-Host and Host-GPU)

e Taking advantage of CUDA IPC (available since CUDA 4.1) in intra-node
communication for multiple GPU adapters/node
e Optimized and tuned collectives for GPU device buffers

e MPI datatype support for point-to-point and collective communication
from GPU device buffers

e Unified memory
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Enhanced MPI Design with GPUDirect RDMA

L$%+$H 3$2%-65#
. HHSYE ()M +$,-. %" %, )01-#$28'31 (4" $,

3$%+$567",'8#7& 7279
. 5 <-.<$H'9:&$%2=">7#",?:99'?%,,..,
o I'OO'S, $HBHT&T279'@F,"BB7THES+'&T'-?8H#T76$'8SH#>T#7,%2
>T#',7;99'7%,,,.5,A
« BC7,2<$7$,'8#787,5+"%+" $+
. D778@ ;2" ,-%.'"%$&CTHE" +:8&$#H'&7'278="+:&.G LS 2505 65

. H;,&278=1/131J)K" F",-%."M0'&7'278="+,&,G
S0+
R. Shi, S. Potluri, K. Hamidouche M. Li, J. Perkins D. Rossetti and D. K. Panda, Designing Efficient
Small Message Transfer Mechanism for Inter-node MPI Communication on InfiniBand GPU
Clusters IEEE International Conference on High Performance Computing (HiPC'2014)

Eager Protocol

#%0+5M,&#&

#Y0+5M#A g

<

Rendezvous Protocol
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Optimized MVAPICH2-GDR Design

20 GPU-GPU Inter-node Latency GPU-GPU Inter-node Bi-Bandwidth
6000
25 Z500
3 20 )
R §4ooo
g 10 5300
L 1.88us 10x 1Ezooo
0 b 8100
0 1 2 4 8 16 32 64 1B 2% 512 1K 2K 4K 8K 0 oW _‘_‘“mm
H***ﬁmﬁsgmgﬁﬁ%
Message Size (Bytes) " Size (Bytes)
essage Jize es
«&=M\2-NO-GDR M2 -®R-23 «fr\M\2 -NO-GDR) M\2-@R-23
0 GPU-GPU Inter-node Bandwidth
) 3500
2 3000
= 2500
E 200 « MVAPICH2-GDR-2.3a
5 128 Intel Haswell (E5-2687W @ 3.10 GHz) node - 20 cores
50 NVIDIA Volta V100 GPU
0 A S0 o9& ‘n—‘—l‘r‘ Mellanox Connect-X4 EDR HCA
1 2 4 8 16 32 64182%512 1K 2K 4K CUDA 9.0

Mellanox OFED 4.0 with GPU-Direct-RDMA

Message Size (Bytes)

«f=M\2 -NO-GDR M\2-®R-23

MVAPICH User Group (MUG) Meeting’18
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Tuning GDRCOPY Designs in MVAPICH2-GDR

MV2_USE_GPUDIRECT _ | * Enable / Disable GDRCOPY- 1 * Always enable

GDRCOPY based designs (Enabled)

MV2_GPUDIRECT _GDR | * Controls messages size until | 8 KByte | ® Tune for your system

COPY_LIMIT which GDRCOPY is * GPU type, host architecture.
used Impacts the eager performance

MV2_GPUDIRECT _GDR | ¢ Path to the GDRCOPY Unset | ¢ Always set

COPY_LIB library

MV2_USE_GPUDIRECT _ | * Controls messages size until | 16Bytes | ® Tune for your systems

D2H_GDRCOPY_LIMIT | which GDRCOPY is used at e CPU and GPU type
sender

e Refer to Tuning and Usage Parameters section of MVAPICH2-GDR user guide for more information

MVAPICH User Group (MUG) Meeting’18
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Tuning GPUDirect RDMA (GDR) Designs in MVAPICH2-GDR

MV2_USE_GPUDIRECT | ! Enable / Disable GDR-based 1 I Always enable
designs (Enabled)

MV2_GPUDIRECT LIMIT |! Controls messages size until | 8 KByte | ! Tune for your system
which GPUDirect RDMA is I GPU type, host architecture
used and

CUDA version: impact pipelining
overheads and P2P bandwidth

bottlenecks
MV2_USE_GPUDIRECT _ | ! Controls messages size until | 256KBytes | ! Tune for your system
RECEIVE_LIMIT which 1 hop design is used I GPU type, HCA type and
(GDR Write at the receiver) configuration

e Refer to Tuning and Usage Parameters section of MVAPICH2-GDR user guide for more information
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e Automatic rail and CPU binding depending on the GPU selection
e User selects the GPU and MVAPICH2-GDR selects the best HCA (avoids the P2P bottleneck)

e Multi-rail selection for large message size for better Bandwidth utilization (pipeline design)

MV2_ RAIL_SHARING_POLICY * How the Rails are Shared * Sharing gives the best performance
bind/selected by for pipeline design
processes
MV2 PROCESS _TO_RAIL_MAPP | « Explicit binding of the First HCA | * Use this parameter to manually
ING HCAs to the CPU select a different parameter only if
default binding seems to perform
poorly
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e E/00.,3(F.,(GFF4H4+53(Pa532(&.AA/54H?34.5(/*456(&)J# (% $&
e MPI Datatype Support

+3<. =C?7*+@(&.A0/3456(B?C.,?3..D I"#$%&'()*+,(-,./0(1!)-2(! ++3456789



Multi-GPU Configurations
Process 0 Process 1
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e ediaanel

e \Works between GPUs within the same
socket or IOH

B?3+5JD(1/*+J2

e Leads to significant benefits in ﬁ
. . WAL WY W Wy W W W
appropriate scenarios
*SHAFED—MEM (P C *SI\/P—IPC

1 4 16 64 2% 1@4
I+**?26+(K4L+(1>D3+*2

MV2_CUDA IPC I Enable / Disable CUDA IPC- 1 (Enabled) | ! Always leave set to 1

based designs
MV2_CUDA SMP_IPC | Enable / Disable CUDA IPC 0 I Benefits Device-to-Device transfers

fastpath design for short (Disabled) | ! Hurts Device-to-Host/Host-to-Device

messages transfers

I Always set to 1 if application involves
only Device-to-Device transfers
MV2_IPC_THRESHOLD I Message size where IPC code path 16 KBytes | ! Tune for your system
will be used
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e Double Buffering schemes
— Uses intermediate buffers (IPC Pinned)
— Control information through Host memories

e Exchange the handlers through the host for IPC completion
— Works for all CUDA versions (Since 5.5)

— Memory Overhead

e Cache based design
— Rendezvous based design
— Cache the IPC handlers at the source and destination (through the control messages)
— With Cache hit => direct data movement
— Requires CUDA 6.5 and onwards

— High Performance and memory efficiency
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Tuning IPC designs in MVAPICH2-GDR

e Works between GPUs within the same socket or IOH

MV2 CUDA ENABLE IP | ® Enable / Disable CUDA IPC_CACHE- 1 * Always leave set to 1
CC A_CHE - B based designs (Enabled) | * Best performance '

— * Enables one-sided semantics
MV2 CUDA IPC BUFFE | * Enable / Disable CUDA 1 * Used for subset of operations
RED B - IPC_BUFFERED design (Enabled) |  Backup for the IPC-Cache design

* Uses double buffering schemes
* Used for efficient Managed support

MV2 CUDA IPC MAX | *Number of entries in the cache 64 * Tuned for your application
It I B * Depends on the communication patterns
CACHE_ENTRIES * Increase the value for irregular
applications
MV2 CUDA IPC STAGE | ¢ Thesize of the staging buffersin * Tune this value only if degradation is
BUF_ SIZE - the double buffering schemes observed with IPC transfers
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Presentation Overview

e MPI Datatype Support
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Halo data exchange

' Multi-dimensional data
' Row based organization
I Contiguous on one dimension
I Non-contiguous on other dimensions

' Halo data exchange

I Duplicate the boundary
| Exchange the boundary in each
iteration
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H. Wang, S. Potluri, D. Bureddy, C. Rosales and D. K. Panda, GPU-aware MPI on RDMA-Enabled Clusters: Design, Implementation and Evaluation, IEEE Transactions on Parallel
and Distributed Systems, Accepted for Publication.
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Performance of Stencil3D (3D subarray)

@=DT TR «feErhanced

Stencil3D communication kernel on 2 GPUs
with various X, Y, Z dimensions using

MPI_Isend/Irecv B
e DT: Direct Transfer, TR: Targeted Kernel E
 Optimized design gains up to 15%, 15% and ié
22% compared to TR, and more than 86%
compared to DT on X, Y and Z respectively oz Sizesofm:; [x,136,2151 64 1B 2%

Latency (ms)
Latency (ms)

2 4 8 16 32 64 18 2%

16 32 64 128 2% 1
Size of DimZ, [16,16,z]

1 2 4 8
Size of DimY, [16,y,16]
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