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¢ Add Python module., Support KNL : "./configure --target=KNL-linux-gnu"., Improve performance of XMP/C on for-loop statement, *Fixed
lots of bugs.
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— 20155 &Y. REAEARIXMP2.01 DR ET 2R
* PGAS + Multitasking for Multicore
* Code transformation for Optimization
* (Accelerator)
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How does PGAS “collaborate” with MPI+X?

Second Annual PGAS
Contributors: b f XMP-WG 3 3
OHnitgs}'ll‘li :/;'er:T::K:fzj,oMasahiro Nakao (RIKEN), Appllcatlons WorkShOp @ SC17
Jinpil Lee (RIKEN), Tesuya Odajima (RIKEN),
Hidetoshi Iwashita(Fujitsu), Hitoshi Sakagami (NIFS), KeynOte tal k by M ! Sato

Takeshi Nanri (Kyushu U), Atsushi Hori (RIKEN),
Taisuke Boku (U. Tsukuba), Akihiro Tabuchi (U.
Tsukuba), Keisuke Tsugane (U. Tsukuba)

Mitsuhisa Sato

Deputy Project Leader and Team Leader, Architecture
Development Team, Flagship 2020 Project

Team Leader, Programming Environment Research Team
Advanced Institute for Computational Science, RIKEN FUj(l)TSU

shaping tomamow with you
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Case study: stencil communication X o o7

o

e Typical communication pattern in domain- .
decomposition. -
e Advantage of PGAS: Multiple data transfers with a 1|
single synchronization operation at end :
Wy
e PUT non-blocking outperforms MPI in Himeno " .
Benchmark!
e Don't wait ack before sending the next data (by FJ-RDMA) : .
imagel image2
14000 : _ [N
Himeno Size-XL R
12000 L’
— &
0000 ’ A
NOTE: The detail of this results is gil ,/' //:,.,A
to be presented in HPCAisa 2018: | {5 8000 ,/' e
Hidetoshi Iwashita, Masahiro " 6000 ,’/5_?/'
Nakao, Hitoshi Murai, Mitsuhisa = I;/"”/
«“ 4000 "/ -
Sato, “A Source-to-Source £ ,J& =@ =PUT non-blocking
Translation of Coarray Fortran £ 2000 {’/ —a— MPI original
with MPI for High Performance” S o & — & - MPI non-blocking :
sync images
0 256 512 768 1024 = - SENSSSSSSSSY__
# nodes v v
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Support communication patterns in PGAS

e When the communication pattern is
expressed in some defined forms, PGAS

1$xmp shadow a(2:2, 1:1)
1$xmp reflect (a) width (/periodic/1:1, @:8) async (@)
1$xmp wait_async (@)

comm. can be optimized.

o Coarray assignment by array section
syntax. Runtime select better stride
comm, pack/unack or direct RDMA.

A(1, 1:10)[1] = B(1:10) // put from image2 to imagel

o Reflect operation in XMP global view
model (stencil neighbor comm)

e Irregular Communication Patterns:

e If communication pattern is not known a priori,

but the data locations are known, send-recv
program needs an extra step to make pairs of
send-recv. BUT, RMA can handle it easily
because only the source or destination process
needs to perform the put or get call

e shadow: declares width of shadow
e reflect: executes stencil comm.

e width: specifies shadow width to be
updated. /periodic/: updates shadow
periodically. async: asynchronous comm.

e wait_async: completes async. reflects

Optimized stencil o
communication by reflect Ol-ﬁmltzfd bt}’ RDMA
directive on K computer WIth pt-to-pt sync.
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Task in OpenMP and extension to between nodes

e Task directive in OpenMP4.0 creates a task with dependency specified “depend”

clause

e The task dependency depends on the order of reading and writing to data based

on the sequential execution.

e OpenMP multi-tasking model cannot be applied to tasks running in different nodes since

threads of each nodes are running in parallel.

e In OmpSs, interactions between nodes are described through the MPI task that is
executing MPI communications (MPI task).

o Otherwise, run the same task program in all nodes to resolve dep. (StarPU)

#pragma omp parallel

#pragma omp single

{
int A, B, C;

#pragma omp task depend(out:A)
A=1; /* taskA */

#pragma omp task depend(out:B)
B=2; /* taskB */

output dep.

#pragma omp task depend(in:A, B) depend(out:C) I -

C=A+B; /*taskC */
#pragma omp task depend(out:A)
A=3; /* taskD */

* .
i f‘ anti dep.

Flow dependency: The flow dependency occurs between
dependence-type out and in with same variables, similar
to read after write (RAW) consistency. It is shown in
between taskA and taskC with variable A, or taskB and
taskC with variable B.

Anti dependency: The anti dependency occurs between
dependence-type in and out with same variables, similar
to write after read (WAR) consistency. It is shown in
between taskC and taskD with variable A.

Output dependency: The output dependency occurs
between dependence-type out and out with same
variables, similar to write after write (WAW) consistency.
It is shown in between taskA and taskC with variable A.
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Multitasking in XMP: our proposal

e For Intra-node
e Tasklet directive creates a task with dependency specified “in/out/inout”
clause in sequential order

e Same as in OpenMP4.0 and OMPss

e For Inter-node
e Describe communications by PGAS operations (Coarray and gmove)

e Annotated by get/put and get_ready/put_ready clauses to specify
dependency.

#pragma xmp tasklet tasklet-clause[, tasklet-clause[, ...]] on {node-ref | template-ref}
(structured-block)

where tasklet-clause is :
{in|out | 1nout} (variable[, variable, ...])

or

{put | get; (tag)

or
{put_ready | get ready} (variable, {node-ref | template-ref}, tag)

#pragma xmp taskletwait [on {node-ref | template-ref}]

R com
% AICS
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* When output dependencies for the data are satisf int A:[*], B, C, D, tag;

Put operation in tasklet

e put_ready clause: indicates that the specified data may be written by the
associated PUT operation

e This clause has the dependence-type out for the specified data on a node since its values are
overwritten by the remote node.

e put clause: indicates that the PUT operation may be performed in the associated

structured block.

e At the beginning of the block, the task waits to receive the post notification with the tag by the
put_ready clause to indicates that the data is exposed in the target node for the PUT operations.

Node 1 Node 2
#pragma xmp nodes P(2)

ied before executing the block, the clause expose

s the data for the PUT operation from the specifie : "aa,
d set of nodes by sending the post notifications to #prag_ma Xmp tiSklet ln(*A) out(B) on P(1) fra. K L start
these nodes, starting the PUT operations eventua B=A; /* taskA */ A

lly in remote nodes. Then, it waits until remote op
erations are done. When the task receives the co #pragma xmp tasklet in(A) out(C) on P(1) post
mpletion notification of the PUT operation, the bl — A * *
ock is immediately scheduled. 5 & AL S ut(A complete
*  When the post notification is received, the task is \
scheduled to execute the calculation and PUT ope #pragma xmp tasklet out(A) put(tag) on P(2) wait
ration in the block. When the execution of the blo A:[1]1=1; /* taskC */ put
ck is finished, the data written by the PUT operati A
on is flushed and the completion notification is se #pragma xmp tasklet in(A) out(D) ¥
nt to the node matched by the tag.
put ready(A, P(1), tag) on P(1)
D=A; /* taskD */
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Results on OFP

e Comparison with “Parallel Loop” (PL) and Task-based
e “Put” and “Send/Recv”

e (OMPSS)
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Performance Improvements on OFP

e Optimization

e The communication performance may be
improved if all communications are to be
delegated to the communication thread.

e If communication pattern is simple enough to

12000

10000

8000

6000

4000

Bandwidth [MB/s]

be analyzed by the compiler, some patterns of 2000

Put can be transformed into Send/Recv. 0 e—e—e—e—e-e

e (Opt): all communications are
delegated to the communication thread

e Still, Send/recv
IS better
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