HE9 =1t

rapllE:S K8 L
LT FTAICS
HRKZFE

Summer School 2013
2013/08/09 9:00~10:30

138 H8HAEH



Table of Contents
[

* Performance of Parallel Program

« Communication

* Inside MPI Implementation and Tips for low overhead

— Polling vs. Blocking

Other Tips

Overlapping Communication and Computation

— Persistent Communication
— Nonblocking Communication

— Deadlock

— One-sided Communication

2013/08/09 9:00~10:30

Summer School 2013

138 H8HAEH



Performance of Parallel Program
T —

Amdahl’s Law: The performance improvement of a parallelized program is
limited due to its sequential part that cannot be parallelized
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Performance of Parallel Program
I E——————————
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Execution Time = Sequential Execution Time(10) + 10000/# of CPUs + Comm. Time (5)

Strong Scaling: How the performance is improved if # of CPUs is
increased with fixed problem size
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Performance of Parallel Program
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Performance of Parallel Program: Weak Scaling
e

Weak Scaling: How much problem size is increased with increasing
# of CPUs such that the execution time is same
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Performance of Parallel Program: Summary
T —

« Strong Scaling

— How the performance is improved if # of CPUs is increased
with fixed problem size

— Communication time (latency) is the key for scalability
— Sequential execution time becomes dominant

* Weak Scaling

— How much problem size is increased with increasing # of
CPUs such that the execution time is same

2013/08/09 9:00~10:30 Summer School 2013 8
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What is MP| Standard

« MPI Standard does specify API (Application Program Interface)
— Functions such as MPI_Send and MPI_Receive
— Symbols such as MPI_COMM_WORLD and MPI_SUCCESS

« MPI Standard does not specify runtime parameters for tuning
communication performance

« MPI Standard does not specify BPI (Binary Program Interface)
— Representations of Symbols
« MPI Standard does not specify Communication Protocol

« As aresult, the executable MPI program compiled under a specific MPI
implementation can only run on the same MPI implementation environment.

* Thus, it is important which MPI implementation you use in your environment.

http://www.mpi-forum.org/
http://meetings.mpi-forum.org/

2013/08/09 9:00~10:30 Summer School 2013 9
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Various MPI Library Implementations

FT-MPI

University of Tenessee
Fault Tolerance

LA-MPI

Los Alamos
ional Laboratory
Fault Tolerance

MPICH

Argonne National Laboratory

NN

LAM/MPI

Indiana University

“PACX-MP

(Non-native MPI)
MPICH-G2 | mpicH-v HLRS
orthern llliNOIs : : : Heterogeneous
University LI:JQL\llﬁ %}Zrzr?trls Sud ~Environment . YAMPI
Grid-enabled MPI L N University of Tokyo
/ MVAPICH
Ohio State University
PCCC ! GridMP|
AIST under the contract
MPICH?2 of NaReGil
Argonne National Laboratory
N
% N MVAPICH2 —— Derived System
Ohio State University | +  Merged
Microsoft MPI1| | Intel MPI| | Infiniband

2013/08/09 9:00~10:30 Summer School 2013
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MPI Layered Implementation Structure and Network Hardware

Collective and others

MPI Core (Point-to-Point)

Device Interface

OFED: Device driver for Infiniband (IB) network

Throughput | Latency | RDMA
(Gbyte/sec) | (usec)
110G 0.125/1.25 10~ | NO
Infiniband (1B) 4 ~2 | YES

4xFDR 1B 14 Gbps (8B/10B)x4 = 5.6 GByte/sec

2013/08/09 9:00~10:30

Socket OFED |GM Shmem
TCP | UDP .
IP
Ethernet | Infiniband| Myrinet

°®
Copy

(O Comm. buffer

Summer School 2013

! GT/sec |encoding | Gbit/sec
Memory
1 2.5(8B/10B 2
IOH Gen 5(8B/10
| PCIl Express |Gen2 5(8B/10B 4
Network Interface
&g, Infiniband Gen3 8[128B/130B | 7.877
IOH: 1/0 Hub

RDMA (Remote Direct Memory Access): Remote
memory is directory accessed without CPU handling

Memory — Memo

— IOH *] IQH
Network| Interface Network|Interface
e.g., Infiniband e.g., Infiniband

jp w—

Regular Communication

Networ .Interface
e.g., Infiniband

1
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', @ MPI (OpenMPl X—X)
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MPIjE
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BTL[E
BIARE
N—KE

MPI Interface Tofum TS HBE D FRE R
MPI Interface (EFBIE) « TofuRITH7ILTY X LDEE
(1%41) = + Tofu LibraryE$7 7t X

+ Tofustkre/ \U7 &R

tuned COLL, tbi COLL

ob1 PML l EAvE—CATOraLESRE l

0 = Tofum 1T IZFT R BHF
O DIl d

FUJITSU. 63, 3, p. 299-304 (05, 2012)
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R ®D Tofu Network Interface (TNI)

B AR—RE10 (XY ZEH67R— b + ABCEH47R—I)

BE4DODRDMAI DU H1ESE

CPU<:{>

(. BIRFIZ43%

link O
link 1
link 2
link 3
link 4

[B4Z(EMETHE
\

> XYZ

link 5

7
link 6
link 7 | € ) ABC

link 8 | <€)

link 9 | G _
/—K&Ht=Y TSUBAME 2.0 | Cray XE6 Hopper [TR] IBM Blue Gene/Q
M aE InfiniBand QDR Gemini 1.2 Tofu Interconnect 5D-Torus
EE R 2391 GFlops 153.6 GFlops 128 GFlops 204.8 GFlops
Vo (R7amE) 4 GB/s 5.8 GB/s 5 GB/s 2 GB/s
FFRRER 2 1 4 10
FEREETE (FAR) 8 GB/s 8.3 GB/s 20 GB/s 20 GB/s

13
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Inside MPI: Basic

L
« Eager Protocol

— When a message send primitive is posted, the message is immediately
sent to the receiver

2013/08/09 9:00~10:30 Summer School 2013

12
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Inside MPI: Basic

Rank 1 Rank 2

[ J |

\_ /

2013/08/09 9:00~10:30 Summer School 2013 13
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

4 N

\_ /

2013/08/09 9:00~10:30 Summer School 2013 13
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

A message contains communicator, source, destination, tag, and
communicator in addition of data

Rank 0 dst(0) src(2) tag(2) comm(C1) ‘ data

4 N

\_ /

2013/08/09 9:00~10:30 Summer School 2013 13
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

A message contains communicator, source, destination, tag, and
communicator in addition of data

Rank 0 dst(0) src(2) tag(2) comm(C1) ‘ data
/’ he message is copied from a
communication buffer to a message buffer

/> src(2) tag(2) comm(C1). data

\_ /

2013/08/09 9:00~10:30 Summer School 2013 13
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

~

/> src(2) tag(2) comm(C1). data

\_ /
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Inside MPI: Basic

Rank 1

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat): ]

Rank 2

Rank O

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

-

\_

/> src(2) tag(2) comm(C1). data

~
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Inside MPI: Basic

Rank 1

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat): ]

Rank O

dst(0) src(1) tag(4) comm(C1) . data

Rank 2

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

-

\_

src(2) tag(2) comm(C1). data

S

~
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

dst(0) src(1) tag(4) comm(C1) . data

The message is copied from a

ommunication buffer to a message buffer \

src(2) tag(2) comm(C1). data

Rank O

-

| — src(1) tag(4) comm(C1)‘ data

\_ /
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Inside MPI: Basic

Rank 1

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat): ]

Rank 2

Rank O

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

-

\_

/> src(2) tag(2) comm(C1). data

| — src(1) tag(4) comm(C1)‘ data

~
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Summer School 2013
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

-

~

/> src(2) tag(2) comm(C1). data

| — src(1) tag(4) comm(C1)‘ data

\_ /
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Inside MPI: Basic

Rank 1

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat): ]

Rank 2

Rank O

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

]

dst(0) src(2) tag(4) comm(C1) . data

-

\_

/> src(2) tag(2) comm(C1). data

| — src(1) tag(4) comm(C1)‘ data

~
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

dst(0) src(2) tag(4) comm(C1) . data
Rank O 7

The message is copied from a

/ communication buffer to a message buffer
/
/> src(2) tag(2) comm(C1)V data \

| — src(1) tag(4) comm}éﬂ‘ data

- src(2) tag(4) comm(C1). data

\_ /
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Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

dst(0) src(2) tag(4) comm(C1) . data
Rank O 7

The message is copied from a

/ communication buffer to a message buffer
/
/> src(2) tag(2) comm(C1)V data \

| — src(1) tag(4) comm}éﬂ‘ data

- src(2) tag(4) comm(C1). data

\_ /
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Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

dst(0) src(2) tag(4) comm(C1) . data
Rank O 7

The message is copied from a

/ communication buffer to a message buffer
/
/> src(2) tag(2) comm(C1)V data \

| — src(1) tag(4) comm}(é1)‘ data

s src(2) tag(4) comm(C1). data

\ src(1) tag(2) comm(C1). data

\_ /
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Inside MPI: Basic

Rank 1

Rank 2

] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

/ Posted
Queue

\_

Unexpected

Queue

e

src(2) tag(2) comm(C1). data

~
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

buf1:

MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1 Rank 2

[ ] [ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat): J

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat); J

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

"~/ src(2) tag(4) comm(C1)|  data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

"~/ src(2) tag(4) comm(C1)|  data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\_ /

2013/08/09 9:00~10:30 Summer School 2013 17

138 H8HAEH

buf1:




Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

"~/ src(2) tag(4) comm(C1)|  data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PU2: /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 sre(1) tag(4) comm(C1)|  data
I SN src(2) tag(4) comm(C1 . data ]

\,

src(1) tag(2) comm(C1) pointer to

buf1 buf1: Ccopy
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PU2: ] /
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Inside MPI: Basic

Rank 1

Rank 2
[ MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat); ]

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

Rank O

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PUf2: /
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Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PUf2: /
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138 H8HAEH

buf1:




Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

dst(0) src(1) tag(2) comm(C1) . data

/ Qe Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

src(1) tag(2) comm(C1) pointer to

buf1
MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PUf2: /
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Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

src(1) tag(2) comm(C1) .l data
ﬂ J

/ e Unexpey ) tag2) comm(C1)| dat \
Queue Queue src(2) tag(2) comm ata

| —1 src(1) tag(4) comm(C1)‘ data

dst(0

SN—

Matching

src(1) tag(2) comm(C1) pointer to

hiif1 J
OO

buf1:

MPI_Irecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req);

\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | PUf2: /
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Inside MPI: Basic

Rank 1

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat);

Rank 2

MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

dst(0) src(1) tag(2) comm(C1) T[ data ]
ﬂ I\

/ osted Unexpected \
Queue Queue src(2) tag(2) comm(C1 ). data

src(1) tag(4) comm(C1)‘ data

Matching

Copy
src(1) tag(2) comm(C1) pointer to
hiif1 J
— buf1: ]
MPI_lrecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req); -
\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | Puf2: /
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Inside MPI: Basic

Rank 1 Rank 2
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 2, C1, &stat) MP1_Send(buf, SIZE, MPI_DOUBLE, 0, 2 C1, &stat);
MPI_Send(buf, SIZE, MPI_DOUBLE, 0, 4, C1, &stat);

In stead of copying the message to a message
dst(0) jsrc(1) tag(2) comm(C1) T[ data ] buffer, the data is directly copied to the area
Rank 0 - A specified by the program

/ osted Unexpected \
Queue Queue src(2) tag(2) comm(C1 ). data

src(1) tag(4) comm(C1)‘ data

Matching

Copy
src(1) tag(2) comm(C1) pointer to
hiif1 J
— buf1: ]
MPI_lrecv(buf1, SIZE, MPI_DOUBLE, 1, 2, C1, &req); -
\MPI_Recv(bufZ, SIZE, MPI_DOUBLE, 2, 4, C1, &stat); | Puf2: /
2013/08/09 9:00~10:30 Summer School 2013 18
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Inside MPI: Basic

L
« Eager Protocol

— When a message send primitive is posted, the message is immediately
sent to the receiver

— If MPI_Irecv or MPI_Recv has been posted before the corresponding
message arrives, the message may be directly copied to the area
specified at the receive primitive.

— If no receive primitive has been posted, the message is copied to a
buffer managed by the MPI library. This means

* An extra copy overhead from the buffer to the area specified at the
receive primitive

« If the message size is too large, the memory area for buffering
cannot be allocated

« MPI Implementation employs another communication protocol called
Rendezvous

2013/08/09 9:00~10:30 Summer School 2013 19
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Inside MPIl: Rendezvous

« Rendezvous Protocol

— When a send primitive is issued, a control
message is sent to the receiver.

— When a receive primitive is issued, another
control message is sent to the sender.

— The sender sends data to the receiver.

— RDMA (Remote DMA)

» Using the rendezvous protocol, the sender
may transfer data to the receiver using the
RDMA facility if the network interface has the
RDMA capability

« RDMA needs the receiver’s physical memory
address

 The rendezvous protocol involves extra messages to
synchronize the sender with the receiver. Adding
latency, but data transfer throughput is faster than the
eager protocol

2013/08/09 9:00~10:30 Summer School 2013

Sender Receiver

send ntrol Message

recv

Data transfer

If the receiver always specifies the
sender rank at a MPI receive
primitive, receiver may initiate
rendezvous protocol.

Fujitsu implements it and it is
called “Hasty Rendezvous”.

20
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Rendezvous 70 k JJ)L DR (Hasty Protocol)

- H URERINFTLE o 1cmZE
— MPI_ANY_SRC T7\L) send
— (hDMPI_ANY _TAG THARW)
— ZERIEEFERICXEZRT &
MTES
—~ ZDAMNEWV

Sender

ntrol Message

W

Receiver

recv
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Tips

 The most MPI implementations provide both eager and rendezvous
protocols. The protocol is changed according to the message size and can
be specified by the environment variable.

— MPICH2: MPIDI_CH3_EAGER_MAX_MSG_SIZE

— MVAPICH: MV2_IBA_EAGER_THRESHHOLD, MV2_VBUF_TOTAL_SIZE

— OpenMPI: I_MPI_EAGER_THRESHOLD (256KB in default)

— Fujitsu MPI: btl_tofu_eager_limit (13312 + 7R 7#& x 296 in default)

« mpiexec -mca btl_tofu_eager_limit 128000 ./a.out
or
« export OMPI_MCA btl tofu_eager limit=128000

* The receive primitive, MPI_Irecv, should be posted as soon as possible in
order to get a chance to

— eliminate extra data copy in the eager protocol
— reduce the communication latency in the rendezvous protocol

2013/08/09 9:00~10:30 Summer School 2013 21
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Polling vs. Blocking (or Interrupting)
T —

When a message has not arrived at the MPI_Recv/
MPI_Wait function, there are two types of waiting methods:
Polling and Waiting (or Interrupt)

« Polling

— MPI library continues to check whether or not a new
message arrives until the message arrives

— It achieves low latency, but
— It consumes the CPU resource.

— That s, though the programmer thought the thread
might wait for a message and some thread would have
a chance to run, it could not run immediately

« Blocking (or Interrupting)

— MPI library waits for a new message if no messages
arrive

— When a new message arrives, the network device
generates an interrupt signal to the CPU. At the
interrupt, the device driver is invoked and eventually the
execution of MPI library is resume.

— NO CPU consumption is needed during MPI library
wait, but it has higher latency than the polling method

2013/08/09 9:00~10:30 Summer School 2013

Thread

i\/IPI_Irecv(...)

bhread_cond_signal(..);
MPI_Wait(...);

Thread

pthread_cond_wait(...);

e.g., OpenMPI has two modes:
aggressive and degraded. If MPI
processes more than cores run, the
communication progress is under
the degraded mode, it may yield the
core to others.

e.g., polling is default in MVAPICH2
MV2_USE BLOCKING=1 enables

the blocking mode.
22
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MPI in Blocking Mode
T —

Il MVAPICH2 ] MV-BLK B SCore [] SC-BLK
1 0.2 3.0 [ 6.3 .. 0.4
9 08 EEE
I
T 0.6
2 G
o
Q0.4
=
IS CG LU MG CG LU MG
NPB Class B NPB Class C

Each node has two Nehalem processors (4 cores, 2.67 GHz).
16 nodes are connected with the QDR Infiniband network. In
this evaluation, number of processes is set to 64 (16x4).
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Fujitsu MPI Tips
T —
HMET=aT7ILESRBOIL

« MPI_IrecviB{E =R L D A6 : Hasty rendezvous protocol
— mpiexec —mca pml_ob1 use hasty rendezvous 1 ./a.out
« Point-to-pointi&{E 51Xt M al gE 4
— mpiexec —mca common_tofu_max_tnis 4 ./a.out

 MPI statistics
— mpiexec -mca mpi_print_stats 1 ./a.out
— mpiexec —mca mpi_print_stats 2 —-mca mpi_print_stats_ranks 1,4,8 ./
a.out
« MPI_lsendIZHBITHEEFT THIEE/N\VI7TERRE
— mpiexec —mca mpi_check_ buffer write 1 ./a.out

2013/08/09 9:00~10:30 Summer School 2013 23
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MCA/X S X —% —mpi_print_statsIC{E1Z18E U 358 DMPIFRETIBE TR D H 5
S m—————

MCA/3Z A—%—mpi_print_statsiZfE 1% 15 E L7=358 OMPLFE &8 O H 7141

[xxprrdrrdrkdrkdkrkk MP] Statistical Information sekskseksskokskskorskskokskokoksk/

MPI Information
Dimension 3
Shape 2x3x4

MPI Memory Usage (MiB)
MAX MIN AVE
Estimated_Memory_Size 93.90 [ 0] 44.39 [ 1] 47.29

Per—-peer Communication Count

MAX MIN AVE
In_Node 1024 [ 0] o[ 1] 512.0
Neighbor 3072 [ 1] 0[ 8] 1621.3
Not_Neighbor 3072 [ 11] 0[ 0] 938.7
Total_Count 3072 [ 0] 3072 [ 0] 3072.0
Connection 46 [ 0] 9 [ 4] 11.8
Max_Hop 4 [ 0] 2 [ 4] 3.1
Average_Hop 2.27 [ 35] 1.60 [ 6] 1.84

Per—-peer Transmission Size (MiB)

MAX MIN AVE
Tn Nade 95A NN T N1 non o1l 198 0NN
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Overlapping Communication and Computation
T —

The typical parallel program t
do {

[* communicaiton */
} while (...);

Overlapping Communication and Computation

do {
and nonblocking comm.1/4 */
and nonblocking comm.2/4 */
and nonblocking comm.3/4 */
and nonblocking comm.4/4 */
" wait for completion */

pwhile (...); e MPLIrecv(...): MPI_lsend(...)

ceveeeeesy MPL_Irecv(...); MPI_Isend(...);

Does MPI really support overlapping communicationand | = mg:—::zgxg ; ME: :::Egg ;;
computation ? MPI_Irecv and MPI_Isend I'\'/I'F;I”\'/'\}aitall(.._.)'

2013/08/09 9:00~10:30 Summer School 2013
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Overlapping Communication and Computation
T —

The typical parallel program 50 t
do { P1

Pz—

[* communicaiton */ P3
} while (...); P4 l

Overlapping Communication and Computation

do {
and nonblocking comm.1/4 */
and nonblocking comm.2/4 */
and nonblocking comm.3/4 */
and nonblocking comm.4/4 */
" wait for completion */

pwhile (...); e MPLIrecv(...): MPI_lsend(...)

ceveeeeesy MPL_Irecv(...); MPI_Isend(...);

Does MPI really support overlapping communicationand | = mg:—::zgxg ; ME: :::Egé ;;
computation ? MPI_Irecv and MPI_Isend I'\)I'F'"I”\'/'\}aitall(.._.)'

2013/08/09 9:00~10:30 Summer School 2013
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Overlapping Communication and Computation
T —

The typical parallel program 50 t

P2—|—>

[* communicaiton */ P3

v

PO

Overlapping Communication and Computation === ===

and nonblocking comm.1/4 */ p3 oo - R X
and nonblocking comm.2/4 */ pg - .
and nonblocking comm.3/4 */ i — .T !

and nonblocking comm.4/4 */

[" wait for completion */

pwhile (...), oo MPLIrecv(...); MPI_lsend(...);
......... ; MPI_Irecv(...); MPI_Isend(...);
Does MP! really support overlapping communicationand | = mg:—::zgxg; ME:_::E:E;
computation ? MPI_Irecv and MPI_Isend I'\)I'F;I”\'/'\}aitall(.._.)' ST o

2013/08/09 9:00~10:30 Summer School 2013
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Overlapping Communication and Computation
T —

do { t
and nonblocking comm.1/4 */ PO *——)
and nonblocking comm.2/4 */
and nonblocking comm.4/4 */ P2 A S 5 A A >

[" wait for completion */ P3

PO N In B . I I . g
P1 1 — >

dO{ Il I B . I I N R

MPI_Irecv(...), MPI_lsend(.....): Ay ta—— ”

MP'_'I’ECV(...), MPl_lsend( ..... ): P3 e—e—— >

MPI_Irecv(...), MPL_Isend(.....): _E———— -

MPL_Irecv(...), MPL_lsend(.....): PO f
MPI_Waitall(...) - m m m -
}while (...); t Pl 0 -

P2

Breakdown P3 e—— '
PO t
PO | | | | | | | -= >
P1 P1 | | | | | | | -= >
| Y )\ Y J \_Y_} P2 ; S
Overhead Overhead - = m m = om o= om
2013/08/09 9:00~10:30 Summer School 2013
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Tips

* Overlapping Communication and Computation is a
key to carry out strong scaling, but

* Fragmented communications will incur additional
overhead which depends on communication library
implementation

« Computer Scientists have been studying on better
language constructs or facilities with overlapping
communication and computation

2013/08/09 9:00~10:30 Summer School 2013 26
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Other Tips: Persistent Communication
.

MPI_Recv_init((buf, count, MPI_DOUBLE, src, tag,
MPI_COMM_WORLD, &req[1]);

MPI_Send_Init(buf, count, MPI_DOUBLE, dest, tag,
MPI_COMM_WORKD, &req[0]);

for (1=0;....... ) {

[l
MPI_Startall(2, req);
MPI_Waitall(2, req, stat);

)

for(1=0;.....)

[*..0%

MPI_Irecv(buf, count, MPI_DOUBLE, src, tag,
MPI_COMM_WORKD, &req[0]);

MPI_Isend((buf, count, MPI_DOUBLE, dest, tag,
MPI_COMM_WORLD, &req[1]);

MPI_Waitall(2, req, stat);

)

* Whether or not the persistent communication
achieves better performance is implementation
dependent, but it is much readable (I think).

2013/08/09 9:00~10:30

Summer School 2013
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Persistent Comm

unication (K#LE{E) D2DDF =

o MPI_XXX_init FFlc DA+ BE=FIRT 54 —/\

Y RHVRE

+ AP BG/Q DX SICEHEDTF v RILH D B

ra =yl

-9 5

— MPI_Startall ICJE & 1172 Request DEFRDAIED

I8 E=

(fE1%)

—BEBHOXEEREZEHD RDMAICRT V21— Y

2 HYATEE T\

BFETE 560
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O Tofu Network Interface (TNI) - [FF18]

B AR—RE10 (XY ZEH67R— b + ABCEH47R—I)

BE4DODRDMAI DU H1ESE

cPu(—>

(. BIRFIZ43%

link O
link 1
link 2
link 3
link 4

[B4Z(EMETHE
\

> XYZ

link 5

7
link 6
link 7 | G b ABC

link 8 | <€)

link 9 | G _
/—K&Ht=Y TSUBAME 2.0 | Cray XE6 Hopper [TR] IBM Blue Gene/Q
M aE InfiniBand QDR Gemini 1.2 Tofu Interconnect 5D-Torus
EE R 2391 GFlops 153.6 GFlops 128 GFlops 204.8 GFlops
Vo (R7amE) 4 GB/s 5.8 GB/s 5 GB/s 2 GB/s
FFRRER 2 1 4 10
FEREETE (FAR) 8 GB/s 8.3 GB/s 20 GB/s 20 GB/s
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Other Tips: Nonblocking Message

void communication() {

for (i=0:i < n: i++)

)

MPI_Isend(sbuffi], count, MPI_DOUBLE, dst[i], tag, comm, &sreq);
MPI_Irecv(rbuffi], count, MPI_DOUBLE, src[i], tag, comm, &rreq[i]);

MPI_Waitall(n, rreq, stat);

« The programmer might think that it is enough to wait for the
completion of receiving messages.

« But this program leaks memory

— When a nonblocking send/receive operation is issued, the MPI
runtime reserves an internal structure (object) for data transfer.

— The object can be only deallocated at MP1_Wait/MPI__lwait.
« The following program is OK, but the code cannot get the send

errors

2013/08/09 9:00~10:30

i\/IPI Barrier

void communication() {

for (i=0;i<n;it++)

MP Isend(sbuf[l] count, MPI_DOUBLE, dst]i], tag, comm, &sreq);
MPI_Request_ free &sre(?vI

MPI_Irecv(rbuffi], count, MPI_DOUBLE, src]i], tag, comm, &rreq[i]);

P Waltalli? rreq, stat);
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Other Tips: Deadlock or not ?

void communication() {

for (cnt = 1; cnt < SIZE; cnt <<= 1) {
MPI_Send(sbuf, cnt, MPI_DOUBLE, rank * 1, tag, comm);
MPI_Recv(rbuf, cnt, MPI_DOUBLE, rank * 1, tag, comm);

)
)

* Whether or not the execution is deadlock depends on the MPI
iImplementation
* Most Implementations

— Live if the message size is small (using Eager Protocol)
— Deadlock if the message size is larger (using Rendezvous Protocol)

2013/08/09 9:00~10:30 Summer School 2013 29
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Other Tips: One-Sided Communication
.

e One-Sided Communication Primitives in MPI are not
true RDMA (Remote DMA)

* Most Implementations use an extra thread for
progressing One-Sided Operations
— The recent MVAPICH implementation does not use an

extra thread for basic data type, but still use an extra
thread for handling user-defined data type such as vector.

* The assumption, that the user process may utilize all
CPU cores, is NOT true
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