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Problem and Motivation

» Network bandwidth is a bottleneck for most
applications using message passing or inter-
nodes communication middleware on different
networks.

- Ethernet
- High performance interconnects (e.g. InfiniBand)

- A well-known solution to this problem is to utilize
“multirail networks?”.

- A multirail network is a network containing multiple
parallel physical connections or “rails”.
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Problem and Motivation (Cont.)

- However, current solutions are not generic or
portable, either Sockets APl or IB Verbs are
targeted, such as:

- MVAPICHZ2, Open MPI

» The first question investigated and answered in
this presentation:
- Can significant bandwidth improvement be achieved

through a portable and platform independent
communication library compared to single rail?

- UDAPL is chosen as a candidate.




Problem and Motivation (Cont.)

» Besides the above issue, a modern cluster
system consists of:
- Multi-ports network interface cards
-~ Multicore workstations

- The second question investigated and answered:

| - What is the best way to pursue the bandwidth
Improvement on different multirail configured
clusters?

« Non-threaded and threaded approaches are
investigated on InfiniBand (IB) multirail network.
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UDAPL

- UDAPL is a portable and platform independent
communication library that provides Remote
Direct Memory Access (RDMA) and send/recv
operations.

- Some well-known message passing and
communication middlewares have attempted to
' take the portability advantage from uDAPL.

- Intel MPI - MVAPICH2
- Intel Cluster OpenMP - HP MPI
- Open MPI
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IB MultiRail Configurations

Multi-HCA:

| N Physical Connections -

Port 1 Port 1
Node 0 Port 2 Port 2 Node 1

4 <

Network Interface Card of IB is known as Host Channel Adapter (HCA).
Configuration (a)

, Bandwidth of configuration (a) can be calculated
by: B,=N, min(B, Byc,, B),y)

N, is number of rails, B, is IB speed (SDR/DDR/QDR),
B, is HCA PCI speed, B, is host PCIl speed

host
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IB MultiRail Configurations (Cont.)

Multi-port Single-HCA:

N Physical Connections a
Port 1 Port 1
-
Node 0 HCA port 2 Port 2l HCA Node 1
-
> <

Network Interface Card of IB is known as Host Channel Adapter (HCA).
Configuration (b)

Bandwidth of configuration (a) can be calculated
by: B,=min(N, B, Bycy, B,,y)

N, is number of rails, B, is IB speed (SDR/DDR/QDR),
B,..is HCA PCI speed, B,, is host PCIl speed




Bandwidth Benchmarks — Non-threaded

Server Client

. Loop for different data size N

— -_—————— e — —

e

Tim

THE AUSTRALIAN NATIONAL UNIVERSITY

v

Loop 20 times
Loop for different rails
RDMA write N/2 data
(suppress flag)

End Loop
v

End Loop

Loop for different rails
Message send to notify
client side of RDMA
write completion

End Loop

Loop for different rails
receive ack back from
client, then wait event

End Loop

End Loop for different data size

Loop for different rails
receive ack back from
client, then wait event

End Loop

Loop for different rails
Message send to notify
server side of RDMA
write completion

End Loop

\/

End Loop for different data size




Bandwidth Benchmarks — Threaded
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Server

Loop for different data size N

S

Client
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'Loop for different data size N |
* w

Start paral

Start timer and parallel regio
thread0 thread1
Loop 20 times Loop 20 times
RDMA write top RDMA write bottom
half data via rail0 half data via rail1 }
(suppress flag) (suppress flag)
End Loop End Loop

v

v

Message send to notify
client side of RDMA
write completion, and
receive ack back from
client, then wait event
on rail0

Message send to notify
client side of RDMA
write completion, and
receive ack back from
client, then wait event
on raill

A

End timer ind parallel region
\

End Loop for different data size

Message recv for the

send at server side,
and event waiting

'lon rail0

Message recv for the
send at server side,
and event waiting

on railt

v

v

Send ack to server to
indicate RDMA data is

visible at user’s buffer

on rail0

Send ack to server to
indicate RDMA data is
visible at user’s buffer
on raill

N
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Experimental Setup

» InfiniBand cluster:

! - Four Sun Ultra24 workstations, with Intel Core 2
Quad Q6600 CPU, 4GB DDR2 memory.

* x16 PCl-e Gen2 slots, B, =4GB/s

- Mellanox ConnectX MHGH28-XTC dual-port
HCAs.

| . PCl-e 1.1, B,,=2GBIs
» |B 4x DDR, B[3=2GB/S

- Bottleneck for Multi-HCA is 4GB/s
- Bottleneck for Multi-port is 2GB/s
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Performance — Uni-Directional Bandwidth
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Performance — Bi-Directional Bandwidth
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Results Discussion

 Uni-directional bandwidth
- Threaded approach:

« ~33% improvement using multi-port
» ~148% improvement using multi-HCA

- Non-threaded approach:
» No improvement using multi-port

I * 90% improvement using multi-HCA

» Bi-directional bandwidth

- A similar pattern of improvement as uni-directional
bandwidth N




Conclusion

 Utilizing a portable communication library does
improve significant bandwidth over multirail
networks.

» The best way to achieve the bandwidth
improvement is to use the threaded approach
over a multi-HCA configured network.
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| Thank You!
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