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

AKIRA NARUSE, " Konta NAKASHIMA, !
SHINJI SUMIMOTOT! and Kouicut KUMONT!

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 algo-
rithm) 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.
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for (i = 0; i < Np, i++) {
Ip_.to = (my_Ip + i + Np) % Np;
Ip_from = (my_Ip - i + Np) % Np;

Communication( "send msg to Ip_to and receive msg from Ip_from" );

// Np: O0OOOOO
// Ip: 0OO0O ID (0 <= Ip < Np)

01 RingOOOOOOOODOOOO
Fig.1 Pseudo code of ring algorithm
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Msg x (Np — Nlp) x Nlp

Alltoall _bandwidth = T
Msg: 00 OO0O0O0O0O0OOOOODOOOO0O @OoO)
Np: 000DDO
Nlp: JO0OOGO0QOOOO

T: All-to-allOOO0O (O)

02 Al-tlallOOO0ODOOO
Fig.2 definition of all-to-all bandwidth
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Table 1 Testing environment

Servers 24 x 2way Nehalem server

CPU 2 x Intel Xeon X5570 (Nehalem 2.93GHz)

M/B SuperMicro X8DTT

Mem 24GB (6 x 4GB DDR3-1333 DIMM)

NIC Mellanox MHGH29-XTC (DDR-IB, PCIe2, ConnectX)

oS RHELS5.4 (64bit)

MPI OpenMPI 1.3.1

Compiler | gecc 4.1.2 (compile option: -O3)
Switch Flextronics F-X430044 (DDR-IB, 24ports)

x1 0000000000000000000
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Fig.3 All-to-all bandwidth of Ring algorithm
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Fig.4 Measured elapsed time of each step in Ring algorithm
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Table 2 example of message transfer ratio among three servers
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Fig.6 Calculated elapsed time of each step in 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;
Ilp_from = (my_Ilp - k + Nlp) % Nlp;

Ip_to (Is_to  * Nlp) + Ilp_to;

Ip_from = (Is_from * Nlp) + Ilp_from;

Communication( "send msg to Ip_to and receive msg from Ip_from" );

// Ns: 0O0O0OO

// Nlp: 00OOOOCODOO

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

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

// Ilp: OOOOOODOO ID (0 <= Ilp < Nlp)
// Ip: 0OOOO ID (Ip = Is * Nlp + Ilp)

07 2-Level RingODOOOO0OO0O0OOOO
Fig.7 Pseudo code of 2-Level Ring algorithm
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Fig.8 Measured elapsed time of each step in 2-Level Ring algorithm
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Fig.9 Measurement results of all-to-all bandwidth at various number of servers
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