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A Proposal and Evaluation of All-to-all Algorithm
for Multi-core PC Cluster Systems

AKIRA NARUSE,!! KonTa NaAKasHIMA, !
SHiNJI SuMIMOTO ! and Koutcur Kumon'!

In order to realize high network bandwidth during all-to-all communication on
multi-core PC cluster system, an existing all-to-all algorithm (ring algorithm)
is not optimum, even inadequate. According to our study, it is highly possible
that using ring algorithm on multi-core PC cluster system causes Head-of-line
(HoL) blocking in network switch. We propose 2-level ring algorithm that can
reduce the chance of HoL blocking significantly. The experimental results show
that 2-level ring algorithm realizes higher network bandwidth compared to ring
algorithm by 24% at maximum and improves the performance of NPB FT and
IS by 7% at maximum.
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for (i = 0; i < Np, i++) {
Ip_to = (my_Ip + i + Np) % Np;
Ip_from = (my_Ip - i + Np) % Np;
Comm("send to Ip_to, rec from Ip_from");

}

// Np: DOOOOO

// Ip: OOO0O ID (0 <= Ip < Np)

01 RingOOOOOOOOOOOO
Fig.1 Pseudo code of Ring algorithm.
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Table 1 Testing environment.
Servers 24 x 2-socket Nehalem server
CPU 2 x Intel Xeon X5570 (Nehalem 2.93 GHz)
M/B SuperMicro X8DTT
Mem 24GB (6 x 4GB DDR3-1333 DIMM)
NIC Mellanox MHGH29-XTC (DDR-IB, PCle2)
oS RHELS5.4 (64 bit)
MPI OpenMPI 1.3.1
Compiler Intel C/Fortran Compiler 11.0
(compile option: -O3)
Switch Flextronics F-X430044 (DDR-IB, 24 ports)

Msg x (Np — Nlp) x Nlp
T
Msg: DOOOOO0OO0OOOO0OOOOOOO0
Np: 0O0ODO
Nlp: DOOOOOOOO

T: All-to-all 0000 (O)

02 All-te-all D0D0DOOO
Fig.2 Definition of All-to-all bandwidth.
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Fig.3 All-to-all bandwidth measurement result of Ring algorithm.
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Fig.4 Measurement result of elapsed time in each communication step of Ring algorithm.
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Table 2 Message sending and receiving ratio among three servers.
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Fig.6 Calculation result of elapsed time in each communication step of Ring algorithm.
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for (j = 0; j < Ns, j++) {
Is_to = (my_Is + j + Ns) ¥ Ns;
Is_from = (my_Is - j + Ns) % Ns;
for (k = 0; k < Nlp, k++) {
Ilp_.to = (my_Ilp + k + Nlp) % Nlp;
(my_Ilp - k + Nlp) % Nlp;
(Is_to * Nlp) + Ilp_to;

Ilp_from

Ip_to
Ip_from = (Is_from * Nlp) + Ilp_from;

Comm("send to Ip_to, rec from Ip_from");

// Ns: 0OO0O0OO

// Nlp: OOOOOCOOOO

// Np: 0OO0ODOO (Np = Ns * Nlp)

// Is: OO0 ID (0 <= Is < Ns)

// Ilp: O00OOOOOO ID (0 <= Ilp < Nlp)
// Ip: OOO0O ID (Ip = Is * Nlp + Ilp)

07 2-Level Ring00OD0OO00OD0OO0O0DOOODO
Fig.7 Pseudo code of 2-Level Ring algorithm.
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Fig.8 Example of communication pattern of 2-Level Ring algorithm.
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Fig.9 Measurement result of elapsed time in each communication step of 2-Level Ring algorithm.
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Fig. 10 All-to-all bandwidth measurement result at various server counts.
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Fig.11 All-to-all bandwidth measurement result at various message size.

g0000D00000RmgO0000000O0 2-Ring0000000O0DO0O0ODOOODO
000 (Ns—1)xNlpOOOOODOOOOOOOOO0SADOOOODOODOOOO Ns—1
oo0oooo0oooOooOooo 1/NpOOooOOoooOooooooooOooooo 1000
gooooboooood NpOOoooOOOOOoOooooooooboobooooobooo
goboooooboooooooooooboobooooboooooog
o00sA0O0O0OO0O0O0OO0O00OOO00bOO00DOO0OO00OO0O0O0DO0O00O
oooO0O0O0O0oOOoOO000000000RIngOOOODOO 2-Level RingO OO0
0000000000000 0o0Do0o0oUo0n Msgx (Nlp—1)OOOOOSAO
0000000000 Msgx (Nlp—1)x NsOODOOOOOOSAOOOOOOOOOO
goboodooboooboobooobooboooobooooobooboobooobooooDbboOoobboOoDboo
012000000000000030KBOODOOOOO SAODOOOOOOOOOOO
O000oo0oooOo0osSA0O0OOO0OOOOO0O0OO00OOOoOoOOooOooOOo
ooboodoboi1ooobooooooobooooooooobooooboooooooon
000O0000000OOO0OD 30KBOOOOOOODO 2-Level RingODOOOODODOOO
O0000000000SACOOO0ODOO0O RingDOODOOOODOOOODOOOOOOOSA
OO00O0O00002-Level RingO0OOO0O0OO0OO0OOOODOCOODODOOO RingDOOOO

(© 2010 Information Processing Society of Japan



174 00000 PCOOOOODO All-te-all00O00O0O00D0OOOODOO

MB/s All-to-all bandwidth
2,000

Ns:24, Nip:8 N S T P A

NIV I
1,800 ————
1,600
| [NV RV U S04 S S
1,400 - -/i/ —
=
1,200 e
1,000 1= 4
800 A( Z
600
400 —x—2L-Ring
200 “eRing
—>—SA
o S T R W
10K 100K 1M

message size (B)
012 000000000000 sADOODOOODOOODOOOODO
Fig. 12 All-to-all bandwidth comparison of 2-Level Ring algorithm and SA algorithm.
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Table 3 Measurement result of NPB FT and IS.

alltoall Total time (sec) Gop/s
msg size Ring 2L-ring Ring 2L-ring

32KB | 1.109 1.177 | 78.21  82.99 (+6.1%)
128 KB | 4.691 4.380 | 84.49 90.49 (+7.1%)
2,048 KB | 117.2 110.5 | 76.46  81.14 (+6.1%)

8KB | 0.112 0.110 | 2.988  3.046 (+1.9%)
32KB | 0.486 0.461 | 2.760 2.912 (+5.5%)
512KB | 8.551 7.991 | 2.511  2.687 (+7.0%)

S awlEoass

‘ Malltoall time O others ‘

1.0

Elapsed time relative to Ring total time

013 NPBFT/ISOO00O0DO0O000OO0OOOOODO1280
Fig. 13 Execution time breakdown of NPB FT and IS.
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