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Proposal of Hot-spot Avoidance Technique on All-to-all
Communication in Fat-tree based InfiniBand Networks

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

In this paper, we propose and evaluate a method to avoid a hot-spot occur-
rence on all-to-all communication in fat-tree based InfiniBand networks.

An effective network bandwidth can degrade because of a hot-spot occurrence
in fat-tree based networks, unless proper combination of nodes is assigned to
a MPI job. Our proposed method utilizes LMC (LID Mask Control) feature
of InfiniBand and assigns multiple LIDs (Local Identifier) to each HCA (Host
Channel Adapter) in a compute node. Then, it selects the best LID to use for
every source/destination pair to avoids a hot-spot occurrence in view of the
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characteristics of all-to-all communication pattern.

The proposed method is designed and implemented into OpenMPI, and eval-
uated on real InfiniBand cluster system consists of 30 compute nodes and 6-
ary-2-tree topology networks. All-to-all benchmarks show that our proposed
method can avoid a hot-spot occurrence at any time even when arbitrary com-
bination of 16-nodes is assigned to a MPI job.
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/*** clear path counters ***/
memset(up_path_cnt, 0, ...);
memset(dn_path_cnt, 0, ...);
memset(up_path_likely, 0, ...);
memset(dn_path_likely, 0, ...);
/*** initialize path counters ***/
for (s=0; s<N; s++) {
d=(s+sd) % N;
if (Is(s) == Is(d)) continue;
i (Is(s) == Is(0)) {
up_path_cnt(Is(s), rs(s,d)) += 1;
dn_path_cnt(Is(d), rs(s,d)) +=1;
Yelse {
up_path_likely(Is(s), rs(s,d)) +=1;
dn_path_likely(Is(d), rs(s,d)) += 1;
}

/*** check and update root switch table ***/
for (s=N-1; Is(s) !=Is(0); s--) {
d=(s+sd) % N;
if (Is(s) == Is(d)) continue;
rs_new = rs_likely = rs(s,d);
if (up_path_cnt(Is(s), rs(s,d))>0 ||
dn_path_cnt(Is(d), rs(s,d))>0) {
/* initial path is busy. need to find idle path */
for (i=1; i<K; i++) {
j=(rs(s,d) - i +K) %K;
if (up_path_cnt(ls(s), j)>0) continue;
if (dn_path_cnt(Is(d), j)>0) continue;
if (rs_tmp == rs(s,d)) {
/* likely-idle path is found */
rs_likely = j;

}

if (up_path_likely(Is(s), j)>0) continue;
if (dn_path_likely(Is(d), j)>0) continue;
rs_new = j; /*idle path is found */
break;

if (rs_new == rs(s,d)) {
rs_new = rs_likely;

/* update path counters and root switch table */
up_path_likely(Is(s), rs(s,d)) -= 1;
dn_path_likely(Is(d), rs(s,d)) -= 1;

rs(s,d) = rs_new;

up_path_cnt(Is(s), rs(s,d)) += 1;
dn_path_cnt(Is(d), rs(s,d)) += 1;

}

/1 Nz Number of nodes

/1 K: Number of root switchs in K-ary-2-tree network

/1 sd: Shift distance

/1 s: Source local node id

/1 d: Destination local node id

/1 1s(i): 1D of leaf switch which local node i is connected to

/1 rs(s,sd): Root switch table

/1 up_path_cnt(i, j): Number of connections that use the path
"

from leaf sw i to root sw j

/l dn_path_cnt(i, j): Number of connections that use the path

from root sw j to leaf sw i

// up_path_likey(i, j): Number of connections that are likely to

use the path from leaf sw i to root sw j

// dn_path_likey(i, j): Number of connections that are likely to

/I

use the path from root sw j ro leaf sw |
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Server 30x Self-made IA server
CPU 2x Intel Xeon X5570 (2.93GHz)
Mem 24GB (6x 4GB DDR3-1333 DIMM)
IB HCA Mellanox MHGH29-XTC (4xDDR)
oS RHEL5.4 (64bit)
MPI OpenMPI 1.4.1

Compiler | gcc 4.1.2 (option: -O3)
Network

Topology 6-ary-2-tree

Switch 7x Flextronics F-X430044 (4xDDR, 24-port)

SM OpenSM 3.2.6
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Msg: Size of message exchanged

Alltoall_Bandwidth =

among each process-pair.
Nn: Number of nodes.
Nlp: Number of processes in a node.

T: Elapsed time of all-to-all.
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