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Full Global Full Global
Bandwidth Bandwidth
Group X | Group Y

$L) SAPIENZA
UNIVERSITA DI ROMA



Motivation

Distance-Halving Binomial Tree
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Motivation: Why not Hierarchical Approaches
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Reduce rank distance o Do not make assumptions
reduce usage of oversubscribed links on topology or node allocation

+60% performance on Leonardo
33% traffic reduction on +80% on LUMI

oversubscribed links +2x on MareNostrum5
+5x on Fugaku
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Bine Tree Construction
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Bine Tree Construction

Binomial Trees

Bine Trees
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De Sensi et al.

int MPI_Bcast(void #buf, int count, MPI_Datatype dt, int root,
MPI_Comm comm){
int p, r;
MPI_Comm_size(comm, &p);
MPI_Comm_rank(comm, &r);
int recvd = (root == rank);
int vrank = mod(r - root, p);
int vrank_nb = rankZnb(vrank, p); // negabinary repr. of wrank
int mask = 0xl << (int) log2(p) - 1; // mask with log2(p) LSBs set to 1
while(mask > 0){
int mask_lsbs = (mask << 1) - 1; // mask with
int g = nb2rank(vrank_nb - mask_lsbs, p); //
q = mod(q + root, size); // Cet the rank id
if(recvd){ // I send only if I alredy received the data
MPI_Send(buf, count, dt, q, 0, comm);
}else{
int lsbs = vrank_nb & mask_lsbs; // Get the
if(!1sbs || 1sbs == mask_lsbs){ // check if =
MPI_Recv(buf, count, dt, g, 0, comm, MPI_STATUS_IGNORE);

s all equal

recvd = 1;
}
+
mask >>= 1;
+
return MPI_SUCCESS;

}

Listing 1: Bine tree distance-halving broadcast code.
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Experimental Evaluation

System (Top500 Rank) Topology MPI Library
LUMI (#8) Dragonfly Cray MPICH v8.1.29
Leonardo (#9) Dragonfly+ Open MPI v4.1.6
MareNostrum 5 (#11 2:1 Oversubscribed Fat Tree ~ Open MPI v4.1.5
Fugaku (#6) 6D Torus Fujitsu MPI v4.0.1
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Bine vs Binomial



Bine vs. Binomial Trees/Butterflies: Leonardo
From 16 to 2,048 nodes, from 32 B to 512 MIB




Bine vs. Binomial Trees/Butterflies: Leonardo

From 16 to 2,048 nodes, from 32 B 1o 512 MIB
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Bine vs. Binomial Trees/Butterflies: Leonardo
From 16 to 2,048 nodes, from 32 B to 512 MIB

Avg/Max
Coll. Trafhic Red.
Allreduce 19%/26%
Allgather 19%/26%
Red.-Scat. 17%/23%
Alltoall 15%/15%
Bcast
Reduce 13%/19%
Gather 12%/20%

Scatter 12%/20%




Bine vs. Binomial Trees/Butterflies: Leonardo
From 16 to 2,048 nodes, from 32 B to 512 MIB

Coll. % Win

Allreduce 67%
Allgather 91%
Red.-Scat. 71%

Alltoall 79%
Bcast 94%
Reduce 44%
Gather 93%

Scatter 93%




Bine vs. Binomial Trees/Butterflies: Leonardo
From 16 to 2,048 nodes, from 32 B to 512 MIB

, Avg/Max
Coll. % Win Perf. Gain
Allreduce 67 % 11%/46%
Allgather 91% 9%/54%
Red.-Scat. 71% 4%/12%
Alltoall 79% 25%/70%
Bcast 94% 41%/148%
Reduce 44%
Gather 93% 23%/71%

Scatter 93% 22%/63%




Bine vs. Binomial Trees/Butterflies: Leonardo
From 16 to 2,048 nodes, from 32 B to 512 MIB

Avg/Max
Coll. % Loss Perfg'. Drop
Allreduce 20% 10%
Allgather 0% 0%/0%
Red.-Scat. 14% 6%/6%
Alltoall 0% 0%/0%
Bcast 0% 0%/0%
Reduce 33% 7%/9%
Gather 7% 12%/12%

Scatter 0% 0%/0%
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Comparison with State-of-the-art Algorithms

Rinomial Non-Blocking
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Conclusions



Bine Tree Construction

0006

Additional Content

00 OOO006O0

$@al| |pioulg

000D0MOMOO

—

. a

Correctness Proofs
Bine trees have shorter modulo distance

P than standard binomial trees

J Comparison with State-of-the-art Algorithms
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+60% performance on Leonardo
+80% on LUMI
+2x on MareNostrumb
+5x on Fugaku

Hierarchical Multi-GPU
Design and Evaluation

desensi@di.uniromal.it
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https://danieledesensi.github.io
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