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Optimization and Simulation Evaluation of an All-to-all
Communication using Packet Pacing

HIDETOMO SHIBAMURA, ! HIDEKI MIwA,? RYUuTARO SUSUKITA, !
ToMmoyva Hirao,T! YuicHiro Asima,? Ikuvo Mryosar, 2
TosHIYUKI SHIMIZU,? Hiroak1 IsHiHATAT? and KoJr INoug 4

This paper presents quantitative performance evaluation and optimization of A2AT, an
optimal all-to-all communication algorithm. This algorithm exploits the network bandwidth
of 2D-torus network which nodes can transmit and receive multiple messages simultaneously.
The A2AT is compared with conventional all-to-all algorithms and performance improvement
by explicit packet pacing is examined by using an interconnection network simulator NSIM.
The result shows that A2AT achieves good performance than the other algorithms and holds
higher link throughput with packet pacing.
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Fig.2 Sending toward four

axes quadrants

Message direction

A A A A

e o T

v V v >® v v v

ion  =p-:
03 +X00OO0OO00OO0Ooooooo

Fig.3 Link sharing on +X direction

A A A
> O

S: Source D: Desti : sharing a link

000000000000000000000000
000000000 10000 (4,0), (—i,0), (0,i),
(0,—)000000000000000 20000
(4, 5), (=i, —4), (=34,4), (j,—9) OOOO
00000000000000000000000
000000000000000000000000
00000000004X00000000400=
0000000000000000000000300
00000000 3000000000 30000
0000000000000-X,+4Y,-Y 0000
000000000000000000000000
000000000000000000000000
0(i+4)00=00000000000000000
O0000D00A2AT000000000000000
000000000000000000000000
000000000000000000000
040 A2ATO0D000000000 00000
0000004000000 40000000000
004000040000000000000000
000004000000000000000000
000000000000000000000000
0000D0D00D00000000000 000006
000000000000000000000000
000000000000000000000000
00000000000

3. NSIMOOOOOODoOooooood

gooooOo NSIMOODOOOODODOOOOOOoO
00000000007 0NSIMOOOO0OO0O0000
goooooooooobbobboboboboooooogoo
gooooooobooooooooooooooon

(© 2011 Information Processing Society of Japan



2011
High Performance Computing Symposium 2011

Xsize = Ysize = n = mat_size ; I/l Phase 4
recv( -, i, msg_size, NICO, &r_req[0] );
for (i=0; i<n; i++ ) { recv( j, -i, msg_size, NIC1, &r_req[1] );
if(0<i8&&i<=(n-1)2){ )
I/ Phase 1 )
recv( -i, 0, msg_size, NICO, &r_req[0] );
recv( i, 0, msg_size, NIC1, &r_req[1] );
recv( 0, -i, msg_size, NIC2, &r_req[2] );
recv( 0, i, msg_size, NIC3, &r_req[3] );
send( i, 0, msg_size, NICO, &s_req[0] );
send( -i, 0, msg_size, NIC1, &s_req[1]);
send( 0, i, msg_size, NIC2, &s_req[2] ); }
send( 0, -i, msg_size, NIC3, &s_req[3] ); }
waitall( 4, s_req, s_stat ); }
) waitall( 4, r_req, r_stat ); B/ — FEBORTIz—X
Hif(n%2==0){ '
1 for (k=1; k<=n/2-1; k++) {
H /I Phase 5 '
recv(-nf2, -k, msg_size, NICO, &r_req[0] ); |
recv( n/2, k, msg_size, NIC1, &r_req[1]); i
recv( -k, -n/2, msg_size, NIC2, & _req[2] ); !
recv(  k, n/2, msg_size, NIC3, &r_req[3]); !
send( n/2, k, msg_size, NICO, &s_req[0] ); !
send(-n/2, -k, msg_size, NIC1, &s_req[1]); |
send( k, n/2, msg_size, NIC2, &s_req[2] ); !
send( , -n/2, msg_size, NIC3, &s_req[3] ); !
waitall( 4, s_req, s_stat ); H
waitall( 4, r_req, r_stat );

recv( -i, j, msg_size, NIC2, &r_req[2]
recv( i, - X
send( j, Isg_size, NICO, &s_req[0] );
send(-j, i, msg_size, NIC1, &s_req[1] );
send( i, -, msg_size, NIC2, &s_req[2] );
send( -i, j, msg_size, NIC3, &s_req[3] )
waitall( 4, s_req, s_stat );

waitall( 4, r_req, r_stat );

sg_size, NIC3, &_req(3]

if(0<i&&i<=(n-1)2){
/I Phase 2
recy( -i, -i, msg_size, NICO, &r_req[0] );
recv( i, i, msg_size, NIC1, &r_req[1] );
recv( i, -i, msg_size, NIC2, &r_req[2] );
recv( -i, i, msg_size, NIC3, &r_req[3] );
send( i, i, msg_size, NICO, &s_req[0] );
send( -i, -i, msg_size, NIC1, &s_req[1] );
send( -i, i, msg_size, NIC2, &s_req[2] );
send( i, -i, msg_size, NIC3, &s_req[3] );
waitall( 4, s_req, s_stat );
waitall( 4, r_req, r_stat );

}

for (j=0; j<n; j++) {
if(0<j&&j<i&&i<=(n-1)2){

}
i l/Phase6
I recv( n/2, n/2, msg_size, NICO, &r_req[0] )
! recv(-n/2, 0, msg_size, NIC1, & _req[1] );

Il Phase 3 1+ recv( 0, -n/2, msg_size, NIC2, &r_req[2] ); '
recv( i, j, msg_size, NICO, &r_req[0]); ! send(-n/2, -n/2, msg_size, NICO, &s_req[0] ); 1
recv( -, -j, msg_size, NIC1, &r_req[1] ); 1 send( n/2, 0, msg_size, NIC1, &s_req[1]);

recv( j, i, msg_size, NIC2, &r_req[2] );
recv( -, -i, msg_size, NIC3, &r_req[3] );
send( -, -

i send( 0, n/2, msg_size, NIC2, &s_req[2] );
1 waitall( 3, s_req, s_stat );

msg_size, NICO, &s_req[0] ); | waitall( 3, r_req, r_stat );

send( i, j, msg_size, NIC1, &s_req[1]); |}

send( -, -i, msg_size, NIC2, &s_req[2] ); L_____________ . _______________!
send( j, i, msg_size, NIC3, &s_req[3] );

waitall( 4, s_req, s_stat );

waitall( 4, r_req, r_stat );

04 A2ATO000O0DODODO
Fig.4 Algorithm of A2AT
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01 00000000000
Table 1 Specification of evaluation system

goooo
oooo
ooboooooo
oooooooo
goooooo
oooooobooooo

ooog
20000000
00 0 4+dateline
virtual cut-through
oooooooo
4GB/sODOO0O0O0O

0000000000 (RC) | 4ns
0000000000 (VA) | 4ns
00000000 (SA) | 4ns
00000000 (ST) | 4ns
00000000 | 78ns
00000000 | 10ms
MTU | 2KiB

00000 | 32BO2KiB(MTU)
0oooooooo | 32B

ooooooo 2
oooooooooo 8KiB (MTUXx4)

ooooo 16B
NIC O 4000000000
DMA ODOODOO 16GB/s
ooooooo 16GB/s
MPIOOOOOOOOOD 200ns

goobobooooboboboooboobooooooo
01000000 NSIMOODOooDooobooooo
goooooooobooooboobooboooono
0o00oo0oooobooOobobooo

4.2 00 1000000000 O0OOO0OOOOO

O00O00O0A2ATO 0002600000000
gobooboboboobboobuoobooboobo
O0nxnO20000000000000000O0OO
O0oU00 (Twew) DOOODOOOOUOOUOOOOO
0000000 QLDOO0O0OO0O00000O Beisect
goobooooobooon

Q
Buisect

00001000000 o0o00ooooooooo
Limes,0000000000000 Bune 30000
QO Buseect 0000000

Q= (LzInl 510+ 1510l n) Linesg

n n
= 2n? LEJ [51Lmesga

Bypisect = 4nBlink

Tideat =

gobooboocoooooooooboooooboo

sl 515

goooooooo0oOoOooooD IMiBODOOD
oooboooobooobooooooboboooobooon
gobooooooobooobboOoboooo8xsn
O17oms 000009 %x900 24.0ms 0000

Lmes
g
Tideat = -

(© 2011 Information Processing Society of Japan



2011

High Performance Computing Symposium 2011

02 00100000000
Table 2 Evaluation parameters for exp.1
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Fig.9 Link throughput of a2at-9x9
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Table 3 Evaluation parameters for exp.2
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Table 4 Evaluation parameters for exp.3
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with barrier syncronization
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with barrier syncronization
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