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Overview

Overall Research Goal

Requirements:
v Achieve high-performance communication Have your cake

+

« Simplify the MPI code developers write Eat your cake
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Overall Research Goal

Requirements:
v Achieve high-performance communication Have your cake
+ Simplify the MPI code developers write Eat your cake
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Overall Research Goal

Requirements:
v Achieve high-performance communication Have your cake

+

« Simplify the MPI code developers write Eat your cake

Proposed Solution:
An automatic system that transforms simple V

Automatic cake

communication code into efficient code. making machine
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Motivation Overview Transformations Gravel Automation Challenges

Overall Research Goal

Requirements:
v Achieve high-performance communication Have your cake

+

« Simplify the MPI code developers write Eat your cake

Proposed Solution:

An automatic system that transforms simple Automzccake
communication code into efficient code. making machine
Side-effect:

Enables legacy parallel MP| applications to scale, even if written
without any knowledge of this system
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Motivation Overview Transformations

Gravel Automation Challenges

Overall Research Goal

Application

ASPhALT:

Information from muiltiple
layers contributes to
source optimization

Runtime Libraries

Cluster Layers

Operating System/
Network
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Overview

Our Framework : ASPhALT

Original
Application Code

Fortran, C, C++

Transformed
Appllcatlon

ASPhALT

Transformed
Code

Linker

Code Transformer i ﬁ

Open64 based compiler transformation phase |

/4

Gravel
Communication Library

Surveyor

Synthetic Benchmarks

for System Discovery Memory

System Knowledge

Throughput, Latency,
CPU speed, CPU count,

registration cost
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Transformations

Why/How transform the code?

Example 1: Synchronous Transfer to Asynchronous Transfer

array[N]

doi=1,N .
arraylil=... < Computation

enddo

mpi_lsend( array[1], N, sreq ) . i

mpi_recv( ... ) <«—— Communication

mpi_wait( sreq )

Original
Synch.
transfer

doi=1,N

other(] = .. - Computation (independent)
endao
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Transformations

Why/How transform the code?

Example 1: Synchronous Transfer to Asynchronous Transfer

Time Flow
array[N] ¢ >

doi=1,N P1
arrayli] = ...

enddo

mpi_lsend( array[1], N, sreq )

mpi_recv( ...)

mpi_wait( sreq )

Original
Synch.
transfer

doi=1,N P2
other[i] = ...
enddo

; oot Transfer Initialization Waiting§
Computation @Commumcahon Overhead Delay
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Transformations

Why/How transform the code?

Example 1: Synchronous Transfer to Asynchronous Transfer

Original
Synch.
transfer

Asynch.
Transfer

array[N]

doi=1,N
arrayli] = ...
enddo
mpi_lsend( array[1], N, sreq )
mpi_recv( ...)
mpi_wait( sreq )

doi=1,N
other[i] = ...
enddo

P1

P2

array[N]

doi=1,N

Time Flow

arrayl[i] = ... -
enddo
mpi_lrecv( rreq )
mpi_lsend( array[1], N, sreq )

doi=1,N

Computation

<€4+— Communication Initiation

other[i] = ... -
enddo

mpi_wait( sreq) -

mpi_wait( rreq)

Computation (independent)

Communication Finalization
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Transformations

Why/How transform the code?

Example 1: Synchronous Transfer to Asynchronous Transfer

Original
Synch.
transfer

Asynch.
Transfer

array[N]

doi=1,N
arrayli] = ...
enddo
mpi_lsend( array[1], N, sreq )
mpi_recv( ...)
mpi_wait( sreq )

doi=1,N
other[i] = ...
enddo

array[N]

doi=1,N
arrayl[i] = ...
enddo
mpi_lrecv( rreq )
mpi_lsend( array[1], N, sreq )

doi=1,N
other[i] = ...
enddo
mpi_wait( sreq)
mpi_wait( rreq)

P1

P2

P1

Time Flow

. >
Execution
Overlapped Tlme_
Communication Reduction
|-(—|)
. o Transfer Initialization Waitingé
Computation @Corﬂm””"zat'on Overhead Delay |
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Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

Time Flow
o >
array[N]
Y P1
doi=1,N
Original engglrsy[l] T
code

mpi_lrecv( rreq )

mpi_send( array[1], N ) P2

mpi_wait( rreq )

4

. P Transfer Initialization
Computation @Communlcatlon Overhead

Waiting |
Delay !
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Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

Time Flow
o >
array[N]
Y P1
doi=1,N
Original engglrsy[l] T
code

mpi_lrecv( rreq )

mpi_send( array[1], N ) P2

mpi_wait( rreq )

4

. P Transfer Initialization
Computation @Communlcatlon Overhead

Waiting |
Delay !
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Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

Time Flow

array[N] P1

doi=1,N
array[i] = ...

Original | . 4do

code
mpi_lrecv( rreq )
mpi_send( array[1], N ) P2
mpi_wait( rreq )

array[N]

doT=1,N,S
doi=T, T+5-1
arrayli] = ...
enddo
Tiled
code mpi_lrecv( rreq[T] )
mpi_lsend( array[T], S, sreq[T])
if( T=1) then
mpi_wait( sreq[T-1] )
mpi_wait( rreq[T-11)
endif
enddo ey

; —_— Transfer Initialization Waitingg
Computation @Communlcatlon Overhead Delay |
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Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

Time Flow

array[N] P1

doi=1,N
array[i] = ...

Original | . 4do

code
mpi_lrecv( rreq )
mpi_send( array[1], N ) P2
mpi_wait( rreq )

.

Overlapped
array[N] Communication

doT =1, N@ /
5-1

doi=T,
arrayli] = ... P1 I
enddo
Tiled
code mpi_lrecv( rreq[T] )
mpi_lsend( array[T], S, sreq[T])
if(T>1)then
mpi_wait( sreq[T-1] ) P2 I

mpi_wait( rreq[T-1] )
endif
enddo e R SRR

; —_— Transfer Initialization Waitingg
Computation @Communlcatlon Overhead Delay |

Anthony Danalis IVIVE SR R I EVTENC



Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

Time Flow
. >
array[N]
P1
doi=1,N
Original engglrsy[l] T
code
mpi_lrecv( rreq )
mpi_send( array[1], N ) P2
mpi_wait( rreq )
Overlapped
array[N] Communication
doT=1, N@ / \
doi=T, T+5-1
arrayli] = ... P1 I
enddo
Tiled
code mpi_lrecv( rreq[T] )
mpi_lsend( array[T], S, sreq[T])
if( T=1) then
mpi_wait( sreq[T-1] ) P2 I
mpi_wait( rreq[T-1] )
endif
enddo e :
compuaton | communcaton [ Tantr etz [ it
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Transformations

Why/How transform the code?

Example 2: Loop Tiling (prepushing)

. Time Flow
array[N]
Y P1
doi=1,N
Original enggr:y[l] T
code

mpi_lrecv( rreq )
mpi_send( array[1], N ) P2
mpi_wait( rreq )

Overlapped
array[N] Communication
doT =1, N@ / \
doi=T, S-1
arrayli] = ... P1
enddo
Tiled
code mpi_lrecv( rreq[T] ) .
mpi_lsend( array[T], S, sreq[T])
if(T>1)then
mpi_wait( sreq[T-1] ) P2 I
mpi_wait( rreq[T-1] )
endif
enddo e :
Computation @Communication Transgz‘;ép'j'gzlélzation Vgﬁgltg;g
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Motivation Overview Transformations Gravel Automation Challenges

Utilizing Gravel to increase overlap

Gravel:

= Thin library with no additional costs

~ Provide access to useful low level features (RDMA)

~ Provide function separation (Handshake / Data Transfer)

~ Abstract hardware/protocol/language details

~ Utilize existing state of the art APlIs
-~ UDAPL
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Gravel

Gravel Protocols

Sender / Producer Receiver/ Consumer
wait_recv_buffer_rdma() —

///_ post_recv_buffer_rdma()
___-post_os_put() -

send_FIN() —\)
o \
T wait() _ wait()

Sender / Producer Receiver / Consumer

post_send_buffer_rdma() —\
— wait_send_buffer_rdma()
post_os_get() ---¢,
&; ®

- wait() <€

— send_FIN()
wait() -4—’/
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Gravel

Advanced use of Gravel

Before

mpi_irecv()

do i=1,N
sBuf[i]=...
enddo

mpi_isend()
mpi_waitall()

—p

After

gravel _post_recv_buffer_rdma()
do T=1, N, K
do i=T, T+K-1
sBuffi]=...
enddo
if( T==1)then
gravel wait_recv_buffer _rdma()
endif
gravel post os put()
enddo
gravel_send_fin(next, ierr)
gravel_waitall()

wait_recv_buffer_rdma() —
post_os_put()

post_os_put()

__--post_os_put() -

Sender / Producer Receiver / Consumer

/— post_recv_buffer_rdma()

\
\

send FIN) T —u_
> wait() —]\—wait()

b
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Automation Challenges

Automatic Transformer

4 Open64 Fortran 90/95 be s
Compilation Stages (backend) [~ \(assembler)

I

mfef95 | —! inli _
(front-end) infine
N2

2
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Automation Challenges

Automation Challenges

~ Inter-procedural Analysis
~ Data Dependence Analysis
~ Array Access Analysis

~ Profitability Analysis
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Inter-procedural Analysis

Communication iex = 1
might take place in a » call exchange 1( v,k,iex)
separate function.

doj = jend, jst, -1
doi=liend, ist, -1

dom=1,5
tv(m,i,j)=

> omega*( udz(m,1,i,j)*v(1,1i,j, k+1)
> +udz(m, 2,i,j)*v(21i,j, k+1)
> +udz(m, 3,i,j)*v(3,i,j, k+1)
> +udz(m,4,i,j)*v(4,i,j, kt1)
> +udz(m, 5,i,j)*v(5,i,j,k+1))

end do

end do

end do
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Inter-procedural Analysis

call MPI_RECV( dum(1,exc1_jst), ... )
do j=exc1_jst,exc1 jend

Communication v(1,exc1_nx+1,j,k) = dum(1,]

might take place in a v(2,excl_nx+1,).k) = dum(2,| > exchange_1(V, k, ...)

v(4,exc1_nx+1,j,k) = dum(4,]

|
separate function. e dum(&j;
)

v(5,exc1_nx+1,j,k) = dum(5,j

Inlining can alleviate enddo Y,
the problem (but
might create others) doj=jend, jst, -1
doi=iend, ist, -1
dom=1,5
tv(m,i,j)=
> omega* ( udz(m,1,i,j)*v(1,i,j, k+t1)
> +udz(m, 2,i,j)*v(2,i,], k+1)
> +udz(m, 3,i,j)*v(3,i,j, k+1)
> +udz(m, 4,i,j)*v(4,i,j, k1)
> +udz(m, 5,i,j)*v(5,1,j,k+1))
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Data Dependence Analysis

call MPI_RECV(,exc1 jst), ...)
do j=exc1_jst,excT jend

Used to find Vg,excl_nxﬂ J:g = gung;
in)dependent viz,excl_nx+1,],k) = dum(z,]
(chmpF:Jtation v(3,exc1_nx+1,jk) = dum(3,J;
)

v(4,exc1_nx+1,j,k) = dum(4,]
v(5,exc1_nx+1,j,k) = dum(5,j
enddo

doj =jend, jst, -1
doi=iend, ist, -1

dom=1,5
tv(m,i,j)=
> omega* ( udz(m,1,i,j)*v(1,i,j, k+t1)
> +udz(m, 2,i,j)*v(2,1i,j, k+1)
> +udz(m, 3,i,j)*v(3,i,j, k+1)
> +udz(m, 4,i,j)*v(4,i,j, k1)
> +udz(m, 5,i,j)*v(5,1,j,k+1))
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Motivation Overview

Transformations Gravel Automation Challenges

Automation Challenges

~ Data Dependence Analysis

call MPI_RECV((dum)
do j=exc1_jst,excT jend
v(1,excl_nx+1,j,k) =@umd1
v(2,exc1_nx+1,j,k) =(dum(P,]
v(3,exc1_nx+1,j,k) =(dum(B,j
v(4,exc1_nx+1,j,k) = '
v(5,exc1_nx+1,j,k) =
enddo

doj =jend, jst, -1
doi=iend, ist, -1

dom=1,5
tv(m,i,j)=
> omega* ( udz(m,1,i,j)*v(1,i,j, k+t1)
> +udz(m, 2,i,j)*v(2,1i,j, k+1)
> +udz(m, 3,i,j)*v(3,i,j, k+1)
> +udz(m, 4,i,j)*v(4,i,j, k1)
> +udz(m, 5,i,j)*v(5,1,j,k+1))
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Data Dependence Analysis

call MPI_RECV( dum(1,exc1_jst), ... )
do j=exc1_jst,exc1_jeng

V()i ,excl_nx+1,j,k) =@um]

,© .

(V(p.excl_nx+1,).k) =(@um

doj =jend, jst, -1
doi=iend, ist, -1

dom=1,5
tv(m,i,j)=
> omega* ( udz(m,1,i,j)*v(1,i,j, k+t1)
> +udz(m, 2,i,j)*v(2,1i,j, k+1)
> +udz(m, 3,i,j)*v(3,i,j, k+1)
> +udz(m, 4,i,j)*v(4,i,j, k1)
> +udz(m, 5,i,j)*v(5,1,j,k+1))
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Data Dependence Analysis

call MPI_RECV( dum(1,exc1_jst), ... )
do j=exc1_jst,exc1_jend
v(Jl ,exc1_nx+1,j,k) = dum(1,j)
,exc1_nx+1,j,k) = dum(2,j)
(v(B,exc1_nx+1,j,k) = dum(3,j)
)
)

(v(},excimgx+1,j,k) = dum(4,j
(V(p,ex 1,j,K) = dum(5,j
enddo

doj =jend, jst,
do i =iend, ist,

dom=1,5
tv(m,i,j)=
> omega* ( udz(m, 1, i, DO, iy, k+1)
> +udz(m, 2,i,j) I, j, k+1)
> +udz(m, 3,1,]) ,j, k+1)
> +udz(m, 4,i,j) 0y, kK+1)
> +udz(m, 5,i,j) 0, k+1))
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Motivation

Overview

Transformations

~ Array Access Analysis

Independent
regions of a
single array

Gravel

Automation Challenges

Automation Challenges

call MPI_RECV( dum(1,exc1_jst), ... )
do j=exc1_jst,exc1 jend

v(1,exc1_nx+1,j

v(2,exc1_nx+1,j

v(3,exc1_nx+1,j

v(4,exc1_nx+1,

v(5,exc1_nx+1,j
enddo

doj =jend, jst, -1
doi=iend, ist, -1
dom=1,5
tv(m,i,j)=

omega * ( udz(m, 1, i, j

VVVVYV
+
c
a
N
—
3
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Motivation Overview Transformations Gravel Automation Challenges

Automation Challenges

~ Profitability Analysis

Time Flow

P1
Tile/Buffer
Size Matters x Too Big
P2

P1 | I
v Just Right
P2

\

i

n
z
BEN

) P Transfer Initialization Waiting§
Computation @Commumcatmn I Overhead I:I Delay |
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X Too Small




Questions ?
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Appendix

Additional Framework Components

Original Transformed
Application Code Appllcatlon
Fortran, C, C++
Transformed
// Code
ASPhALT
o _{}_ _____________ Linker
‘ |
| Code Transformer |
- Open64 based compiler transformation phase |
| ﬂ
Gravel
Communication Library
A
System Knowledge
Surveyor
\ Throughput, Latency,
Synthetic Benchmarks CPU speed, CPU count,
for System Discovery Memory registration cost
\ /
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Motivation Overview Transformations Gravel Automation Challenges

Surveyor: Using benchmark for tunning (1)

Infiniband (hydra) -- NP=20 -- 5760X5760x5760

1.60

== == Application: Original Code
@® @ Application: ASPhALT Optimized

—
L
LN

—t
L
=

— e o —

Normalized Time
— —_
B
] wn

—
ed
N

1.30

== == Benchmark: Single MPI_ALLTOALL
S—=N Benchmark: Overlapped Comm. Overhead

Time (sec)
|
|
|

0 '?%+D3 le+04 le+05 le+06
Size (bytes), K=size/2304
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Motivation Overview Transformations Gravel Automation Challenges

Surveyor: Using benchmark for tunning (2)

Myrinet MX -- NP=48 -- 9216x2305x48

3.0

2.8
0 2.6
=24
- 2.2
N2.0
g 1.8
1.6

i = == Application: Original Code
| @—@ Application: ASPhALT Optimized

1.2
1.0
100

— = Benchmark: Single MPI ALLTOALL
B—WN Benchmark: Overlapped Comm. Overhead

o

Time (sec)

[—Y

S A
n n
| |

le+03 le+04 1let+05 let06
Size (bytes), K=s1ze/1536
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Motivation Overview Transformations Gravel Automation Challenges

Gravel: Lightweight Communication Library
(1)

GATHER_MPI_ASYNCH NP=16 Buff=4MB GATHER_GRAVEL_ONESIDED NP=16 Buff=4MB

\

262144 262144

131072 131072

65536 65536

32768 32768

16384 16384
8192 8192

4096 4096

(2@sn) peayiaaQ uonediunwwod)
(29sn) pEaYISAQ UonEIIUNWWOD)

2048 2048

1024

1024

512 512

20
Kerne, EXeC"OTGa 1
- 1
e (m Sec )
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Motivation Overview Transformations

Gravel Automation Challenges

Gravel: Lightweight Communication Library (2)

A2A_MPI_ASYNCH NP=16 Buff=4MB

A2A_GRAVEL_ONESIDED NP=16 Buff=4MB

2097152

0O
10485?6o

1%
[oe]
£
[35)
[+
=]

262144

131972

85536

32768

16384

(29s5n) peaysaAQ uonedIunww

8192

4096

~—~—_

2097152

0O
1{)48576c

Wi
%]
-
L]
]
&0

262144

131072

65536

32768

(29sn) peayisAQ uonediunwiw

16384

§192

4096
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