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Setting the stage

We use LLVM, but not like you may think

Runtime Recompilation and Specialization

AMPI optimizations [E’Mﬂl

Automatic Performance Model Generation
AStatic and dynamic model i

SPPEXA

y
LT T

Compilation for Heterogeneous Systems
A Focused around Polyhedral techniques

]

Platform for Advanced Scientific Computing

We only compile test-applications!
A Mainly deal with IR and internal issues

L CPC
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Topics Today (ask anything!)

A Runtime Recompilation and Specialization

AMPI optimizations [E""“FII

A Automatic Performance Model Generation
AStatic and dynamic model i

SPPEXA
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What your vendor sold you
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What your Applications get
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What your Applications get
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What your Applications get
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What MPI offers

Manual packing MPI Datatypes

sbuf=malloqdN*sizeo{double)) MPI_Datatypent
rbuf =mallodN*sizeo{double)) MPI_Type_vectgN-2, 1, N,
for (i=1; i<NL; ++i) MPI_DOUBLE, )

sbufi]=data[i*N+N1] MPI_Type comm{&nt)
MPI_Isen@sbut X 0 MPI_Isen@&data[N+N1], 1,ntz X 0
MPI_Irecyrbufz X 0 MPI_Irecy&data[N], 1ntz X 0
MPI_Waitald X 0 MPI_Waitald X 0
for (i=1; I<N1; ++i) MPI_Type_fre@nt)

data[i*N]=rbuf[i]
free(sbuf)
free(rbuf) A No explicit copying

A Less code

A Often slower than manual
packing(see [1])

[1] SchneiderGerstenbergerTH:Micro-Applications for Communication Data Access Patterns and MPI Datatyp8sdzN2 at L QMH
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled

bt = Vector(2 1, 2, MPI_BYJE
nt =Vector(N, 1, 4ht)

Internal Representation

Vector:
count: N
blklen 1
stride: 4
size: 10
extent: 51

_ll /
Vector:
count: 2
blkler 1 K
stride: 2 | Primitive:
size: 2 size: 1
extent: 3 extent: 1

If (dt.type == VECTOR)

for (int i=0; idt.count i++) {
tin =inbuf; tout=outbuf
for (b=0; bdt.blkleny d++) {

interpret(dt.basetype tin, tout)

}
tin += dt.stride * dt.base.extent
tout =dt.blklen* dt.base.size

}

inbuf +=dt.extent

outbuf +=dt.size

}

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo



_ e : SOV Lo\ spcl.inf.ethz.ch
ETHzurich o e - [_dﬁz W @spcl_eth

Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are

compiled
bt = Vector(21, 2, MPI_BYJE If (dt.type == VECTOR)
nt =Vector(N, 1, 4ot) for (int i=0; i<dt.count, i++) {
tin =inbuf; tout=outbuf;
for (b=0; bdt.blklen; d++) {
Internal Representation interpret(dt.basetype tin, tout)

}

tin +=dt.stride * dt.base.extent

Vector: tout =dt.blklen* dt.base.size
count: N v / }

blklen 1 | Vector: inbuf +=dt.extent

stride: 4 count: 2 outbuf +=dt.size

size: 10 blklent 1 R’ }

extent: 51 stride: 2 | Primitive:
size: 2 size: 1 A None of these variables are
extent: 3| extent: 1 known when this code is compiled

A Many nested loops and branches
SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled

for (int i=0; I<N; ++i) {
for(j=0; j<2; ++]) {
outbufj] =inbuf]j*2]

}

inbuf += 3*4

outbuf += 2
}

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled

for (int i=0; i<N; ++i) { — A Loop unrolling
for(j=0; j<&; #+j){
outbufj] = inbuffj*2]

}

inbuf += 3*4

outbuf += 2
}

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are

compiled
for (it i=0; i<N; ++i) { A Loop unrolling
intj=0 < A Constant Propagation

outbufj] =inbuf]j*2]
outbuf[j+1] =inbuf[(j+1)*2]
inbuf +=3*4

outbuf += 2

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled

for (int i=0; i<N; +§ A Loop unrolling
outbuf[0] =inbuf?g\ A Constant Propagation
outbuf[1] =inbufi2] A Strength reduction
inbuf += 12
outbuf += /

}

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled

bound =outbuf + 2% A Loop unrolling

while (OUthf<b0U':g\ A Constant Propagation
outbuf[0] =inbuf{0] A Strength reduction
outbuf[1] = Tbu/f[z]/
inbuf += 12

outbuf += 2

}

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo



1y a9 «\ N : spcl.inf.ethz.ch
ETHzurich Foaso /@z' W @spcl_eth

Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are

compiled

bound = putbuf + 2*NY2 A Loop unrolling

while (utbuf<bound) { A Constant Propagation
outbuf[0] =inbuf{0] A Strength reduction

outbuf[1] =inbuf[2] <
outbuf[2] =inbuf{4]
outbuf[3] =inbuf[6]
inbuf += 24

outbuf += 4

A Unrolling of outer loop

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are

compiled
bound = putbuf + 2*N)/2 A Loop unrolling
while (outbuf<bound) { A Constant Propagation

SIEUE]] =lirlobijio] A Strength reduction
outbuf[1] =inbuf{2] A Unrolling of outer loop
outbuf[2] =inbuf{4] A SIMDization

outbuf[3] =inbuf[6]

inbuf += 24
outbuf += 4

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo



e :\: o\ spcl.inf.ethz.ch
ETHzurich By e | Z\@] W  @spcl_eth

Interpretation vs. Compilation

A MPI DDTs are interpreted at runtime, while manual pack loops are
compiled A Loop unrolling
A Constant Propagation
A Strength reduction
A Unrolling of outer loop
A SIMDization

bound = Gutbuf + 2*N)/2
— _ : while (Qutbuf<bound) {
for (|n_t '20;_|<Ni +’_f|) { outbuf[0] =inbuf[0]
for(j=0; J_<2;_++J){_ outbuf[1] =inbuf[2]
outbuffj] =inbuffj*2] outbuf[2] =inbuf[4]

} outbuf[3] =inbuf[6]
inbuf += 3*4 inbuf += 24
outbuf += 2 outbuf += 4
J }
X

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Runtime-Compiled pack functions

Declare
MPI_Type_vectdcnt, blklenz X< Record arguments in internal
representation (Tree of C++
objects)
Optimize
MPI_Type commihew_ddj Generate pack(*ingnt, *out)
function using LLVM IR. Compile
to machine code. Storedointer.
Use
MPI_Sen¢tnt, buf, new_dd& X 0 new_ddt.packbuf, cnt tmpbuf)

PMPI_Sendl ¥npbuf, MP|_BYTE)

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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Detour: Copying Data

A Basic elements of DDTs are always consecutive blocks
A If the size of the block is less the 256B we completely unroll the loop

r

A Otherwise: use fastest available instruction (SSE2 on our test system)

Pack Method
-m- SSE2

== AVX

== Cray MPI

—
ik

v

Memory Bandwidth [GB/s]
o

@

100 1K 10K
Packed Bytes

In-cache measurement on AMDterlagosCPU (Blue Waters test system)
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Detour: How to Copy Fast on x867

A Lots of choice to move
data!
A > 36 ways on x86
A Restricted semantics
allow for super-optimization [4]
A Exhaustive search
A Runs ~1 day

A Generates closén-optimal
copy sequences

Copy
Instructions

A

mov stos movs SIMD

SSE2 SSE4 AVX
(128B) (128B) (256B)

loop rep jmp
aligned unaligned NT-store

Loop-Iype

Overview of data movement and
loop-forming instructions on x864.

[4]: S.Bansabnd A. Aikend ! dzii 2 YI G A O 3ASy Ssiiderdpiindizgs 2 T{ LBSLKR {521 A 0Sa wHnnc
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Detour: Optimized Local Copy Sequence

Daint: Cache Cold Daint: Cache Hot
15 : 40
30 -
10 - >
3X o
@ O 10 -
oM : :
O, 0- < optimized range J 0- e optimized range >
L
O JYC: Cache Cold JYC: Cache Hot
= ! 10.0 =
-8 5.0 -
c(-g ) 75 =
, : 2.5 - E
0.07 # /" optimized rafige & 0.0 % optimized range g
/O 1K 100 10M _ 10 1K 100K 10M
e _ Block Size [Byte]
optimized copy libc bcopy()
libc memcpy()

SchneiderGerstenbergerTH:Compiler Optimizations for Ne@ontiguous Remote Data Movem&nt [ / t /| QMo 22
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DatatypeExample (1): Packing Vectors

A Vector count and size and extent of subtype are always known

A eliminate induction variables to reduce loop overhead

A Unroll loop for innermost loop 16 times HVecto(2,1,6144) of
| Vector(8,8,32) of

% 10.0- \_._q- *—a—0-u COﬂtig6) of
9] MPI| _FLOAT
= 5.0
Tg Thisdatatypeis used by the
= e Pack Method Quantum¥Chromodynamics
c‘g ~o— Our Implementation code MILC [2]
faster Y| —a Gray MPI

= 40
o |.
=
@ iy
S 05 N

10K 100K 1M

Data Size [B]

[2] Bernard, et al.Studying quarks and gluons on MIMD parallel computats Journal of Supercomputer Application, 1991
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DatatypeExample (2): Irregular Data

Depending on index list length:

| |

copy(inb+off0], outbb XI&n[O]) for (i=0; iddx.len i+=3) {
copy(inb+off1], outbb Xl&n[1]) inbO=load(dx[i+0])+nb
copy(nb+offf2], outbb Xl&n[2]) inb1l=load(dx[i+1])+nb

inb2=load{dX[i+2])+nb
// load oubandlen
copy(inb0, outbO, len0)
copy(inbl, outbl, lenl)
copy(inb2, outb2, len2)

Inline indices into code

Minimize loop overhead by unrolling
the loop over the index list

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo



e : = * spcl.inf.ethz.ch
ETHzurich s /\’f&,&z W @spcl_eth

o —

DatatypeExample (2): Irregular Packing Performance

il T ———
gﬂ -——a o
g‘ln_
- qf 33%
= 97 |Pack Method | tocter|  HindexedDDT with
S 8 —#= Our Implementation random displacements
yo) —&— Cray MPI
-
@ 7
-
£ 6
@
=
10K 50K 100K 500K

Packed Bytes

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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2 K 1Qa GKS OF 0KK

A Emitting and compiling IR is (too?) expensive!
A Commit should tune the DDT, but we do not know how often it will be
used¢ how much tuning is ok?

A Case study: MIMD Lattice Computation (thanks to Steve Gottlieb)
But some need 3000C

- o uses to amortize their
© 60- @ 607 60- costs at commit/time
&)
- Most datatypesbecome &
® - ® 40-
S seven times faster! =
& 40- Q40- 20
2 0-1 column is empty.  ° 0- T "BE]E]" =
- 28 R2Yy QG YI° ﬁ\
® o . ® Q-
_E 20 dower than Cray MPI _E 20 Most datatypeshave to
E E be reused 18&000 times
0- - - - = 0- . - e o
0 10 20 30 40 0 10000 20000 30000
Packing speedup Number of reuses required

Some even 38 times
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Can we beat manual packing?

LAMMPS atomic/| MILC su3 zd | NAS LU y SPECFEM3D oc WRF x vec WRF y vec

100-

<o
o
L

)

Packing [% of Packing+Comm.]

60-
Pack Method
+ Cray MPI
40- = Manual Packing in C
+ Qur Implementation
« X ¢ ¥X¥ ¥ ¥ ¥ o Yo ¥ X X ¥ X
= £ © x £ £ oo o g o 8 © &£ 5 o o O O O O O
- N b~ @2 N o »v 2 o o N0 D © ~ O d®

Datasize [Byte]

SchneiderKjolstad TH:MPIDatatypeProcessing using Runtime Compilat@rdgzN2 at L Qmo
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The Runtime Recompilation for HPC Manifesto

A Example demonstrator: MPI Datatypes (works great!)
A Has (limited) language interface
A Missing information:
How often will the DDT be reused?
How will it be used (SendécyPack/Unpack)?
Will the buffer argument be always the same?
Will the data to pack be in cache or not?

A How can we generalize this?
A Runtimeoptimize everything!!
A Two main problems:
What to runtimerecompile?
ldea: largessubgrapi2 ¥ / CD gA UK O2yadl yid @I N
When to runtimerecompile?
Is it worth the recompilation overhead!?

Is this a dead end?

http://spcl.inf.ethz.ch/Research/Parallel_Programming/MPI_Datatypes/libpack




