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Abstract—This article presents some low-level UDP based net-
work programming methods and compares them by measuring
the number of transmitted messages per second on x64 and
POWERD9 servers. The examined methods are: a naive imple-
mentation with busy waiting variants; single- and multi-threaded
synchronous and single-threaded asynchronous implementations
using Boost.Asio; and an implementation using the sendmmsg ()
and recvmmsg () system calls for sending multiple messages at
once.

Index Terms—udp, user datagram protocol, socket, perfor-
mance, comparison, linux, busy waiting, boost.asio, asio, send-
mmsg, recvimsg

I. INTRODUCTION

The User Datagram Protocol (UDP) is a connectionless
communication model with no guarantee of delivery, ordering
of the messages, or that the messages arrive only once [1]. It
is widely used, e.g. the Domain Name System (DNS) builds
upon it, multi-player games and other real-time applications
like streaming use it where low latency is important. Since
UDP doesn’t include mechanisms for handling packet loss as
Transmission Control Protocol (TCP) does, this scenario must
be handled by the application, if needed.

In this article different low-level network programming
methods are presented for UDP sockets and their impact on the
total transmitted messages per second. UDP sockets were used
to avoid the additional logic and messaging built into the TCP
protocol. The methods presented here were mainly inspired
by [2] and [3]. The echo protocol was implemented in C++,
where the server immediately sends back the received data
to the client without any processing. After the client receives
the reply from the server, it sends the next message and waits
for the response. For comparison the total number of sent and
received packets were measured.

Section III introduces the methods used for messaging.
Section IV provides an in-depth comparison of the methods
with different message sizes. There are two scenarios: (1) one
client with one server, (2) four clients with one server. In the
tests the client and server processes were running on different
physical servers.

II. TESTING ENVIRONMENT
A. Hardware and Operating System

The measurements were done in a lab environment with
multiple x64 and POWER9 based servers with CentOS 7

operating system. The same measurements were carried out
on both architectures without mixing them to have a clear
comparison between the architectures. The following type of
servers were used:

o IBM Power System LC922 (9006-22P) — ppc64le: dual
IBM POWERY9 02CY228 (2.7 GHz, turbo: 3.8 GHz)
CPU; 512 GiB DDR4 RAM; Mellanox ConnectX-5
100 Gbit/s NIC.

o Supermicro SSG-6048R-E1CR60L — x86_64: dual Intel
Xeon E5-2683 v4 (2.1 GHz, turbo: 3.0 GHz) CPU;
512 GiB DDR4 RAM; Mellanox Connect-X 4 100 Gbit/s
NIC.

Note that on the POWERDY servers all-in-all 160 threads
could run in parallel (2 CPUs - 20 cores/CPU - 4 threads/core),
whereas on the x64 servers 64 threads (2 CPUs - 16 cores/CPU
- 2 threads/core).

B. Software

The test programs were compiled on both architectures with
gece 7.3.1 with the -O2 flag and boost 1.74.0 [4] is used in some
tests.

The client applications count the sent and received number
of messages and report them every second for one minute
duration.

III. METHODS

This section introduces the different networking methods
and compares them on both the x64 and POWERY servers. In
these measurements there was one client and one server, and
the message size was 10 bytes.

A. Baseline

To have a comparison baseline for further measurements
the textbook example was created using the BSD Socket API
(recvfrom(), sendto ()) [1]. The server synchronously
receives from a single socket and sends back the received data
to the client. The client works similarly but first it sends the
data to the server and then waits for the reply. Even though
this article is about UDP performance comparison, this test
was carried out for TCP too.

On Fig.1 the results are presented. The POWERY servers
achieved a bit better result with 57 160.4 MPS (round trip
time: 17 ps) than the x64 servers with 52941.3 MPS (round
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— Xx64 Baseline UDP 52 941.3 MPS
— Xx64 Baseline TCP 51 898.5 MPS
PPC Baseline UDP 57 160.4 MPS
PPC Baseline TCP 50 510.6 MPS

Fig. 1. Comparison of the TCP and UDP baseline measurements on the x64
and POWERSY servers over one minute with 10 bytes long messages.

trip time: 19 ps). For TCP the order is reversed, i.e. the x64
servers perform better than the POWERY servers. Note, that
in this scenario TCP is just slightly slower than UDP.

B. Busy waiting

By default recvfrom () blocks when there are no mes-
sages available for the application and the process is put
to a sleeping state by the kernel and only waken up when
there is a new message [1]. As [3] suggests the context
switches could be avoided by busy waiting, where the socket
is continuously polled by passing the MSG_DONTWATIT flag
to the recvfrom () call. This modification was applied both
to the server and to the client which increased the messaging
rate by about 35-40% (Fig.1) at the cost of increased CPU
usage.

The kernel’s scheduler assigns the threads to a logical CPU
to run it, but the threads could be rescheduled during runtime.
To avoid this change, both the server and client were pinned to
the 0" logical CPU. In case of the POWERO servers this didn’t
change the results significantly, but the variance decreased.
However, the performance dropped on the x64 servers by about
14% (Fig.2).

C. Boost.Asio

Boost.Asio is a cross-platform C++ library for network and
low-level I/O programming with both synchronous and asyn-
chronous programming models. Boost.Asio also provides the
interfaces and functionality specified by the “C++ Extensions
for Networking” Technical Specification [4].

1) Synchronous API: The Boost.Asio library includes a
low-level socket interface based on the BSD Socket API [4].
Since it is a thin layer over the API used in the baseline
measurement (Section III-A), similar results were measured
(Fig.3) with about 3.5% decrease (which could be due to
different network utilization by other users).
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- - x64 Baseline 52 941.3 MPS
— X64 Busy wait 73 184.2 MPS
— x64 Busy wait with pinned thread 64 434.1 MPS
PPC Baseline 57 160.4 MPS
PPC Busy wait 78 028.7 MPS
— PPC Busy wait with pinned thread 78 335.2 MPS
Fig. 2. Comparison of the busy waiting measurements on the x64 and

POWERSY servers over one minute with 10 bytes long messages.
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- - x64 Baseline 52 941.3 MPS
— x64 Asio Sync 50 749.0 MPS
— x64 Asio Async 44 652.7 MPS
PPC Baseline 57 160.4 MPS
PPC Asio Sync 55 851.2 MPS
— PPC Asio Async 50 459.5 MPS

Fig. 3. Comparison of the Boost.Asio synchronous and asynchronous APIs
based measurements on the x64 and POWERY servers over one minute with
10 bytes long messages.

2) Asynchronous API: The Boost.Asio library also provides
asynchronous support based on the Proactor design pattern
[4]. The same echo protocol was implemented with this
APIL. The server starts an asynchronous receive operation,
and when it completes successfully an asynchronous send
operation is started. When the send operation is finished a new
asynchronous receive operation is started. It performs about
15% worse compared to the synchronous APIs (Fig.3).

Since the asynchronous model requires more housekeeping
(both in the application and in the kernel) it is not worth it
for a single socket. However, it provides a clean and event
driven programming model which allows to handle many
concurrent sockets on a single thread. It could easily be scaled
to multiple threads, which could be beneficial especially when
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52 941.3 MPS
327 236.3 MPS
363 781.4 MPS

- - Xx64 Baseline

— x64 Asio Sync - 64 threads

— x64 Asio Sync - 16 threads
PPC Baseline 57 160.4 MPS
PPC Asio Sync - 160 threads 275017.1 MPS

—PPC Asio Sync - 16 pinned threads 372 807.4 MPS

Fig. 4. Comparison of the multi-threaded measurements on the x64 and
POWERSY servers over one minute with 10 bytes long messages.

the completion handlers of the asynchronous operations do
more processing.

D. Multi-threading

A single socket was used from multiple threads via the
Boost.Asio synchronous API (as in section III-C1). The im-
plementation was done in a simple way, so it is possible that in
the client a different thread will receive the response of another
thread’s message. However, all threads send the same message
and this way the underlying network stack’s raw performance
was measured.

First as many threads are started as the number of logical
CPUs, i.e. 160 on the POWERY, and 64 on the x64 servers.
The x64 servers outperformed the POWERY servers (Fig.4)
by about ~50000 MPS which is surprising because in the
baseline test the POWERDY servers performed better.

Since many threads access the same socket, the kernel
spends more time waiting for the internal locks belonging
to the socket. When the number of threads were limited to
16 the performance increased (328419.1 MPS for POWER9
and 363 781.4 MPS for x64). When these threads are pinned
to separate logical CPUs, the performance increased for the
POWERO servers to 372 807.4 MPS, but decreased for the x64
servers to 343 920.6 MPS (as seen in section III-B). On Fig.4
the better results are shown. Note that the variance increased
significantly with the 16 threads compared to the maximum
number of concurrent threads supported by the CPU.

E. Multiple messages

Since Linux 3.0 with the sendmmsg () and recvmmsg ()
system calls it is possible to send multiple messages on a
socket to different endpoints with a single system call [5] [6].

Sending and receiving 64 messages with a single system call
outperforms the multi-threaded approach (section III-D) with
less CPU utilization. The x64 servers go beyond 400 000 MPS
and the POWERY servers approaches it (Fig.5).
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Fig. 5. Comparison of the multi-threaded and the multiple message APIs
based measurements on the x64 and POWERY servers over one minute with
10 bytes long messages.

IV. COMPARISON

Fig.6 provides an overall comparison of the previously
described methods with different payload sizes (10, 100, 1 000,
2000 bytes) with one client and one server measured on the
POWERY servers.

Since the Ethernet MTU (Maximum Transmission Unit) was
set to 1500 bytes on the servers used in the measurements,
the larger messages (i.e. 2000 bytes) were fragmented into
multiple IP packets. The effect of this is clearly noticeable in
the measurements too (Fig.6).

Fig.7 shows the results when four clients message one server
at once measured on the POWERO servers. For the baseline,
busy waiting, Asio Sync and Asio Async methods the server’s
transmission rate scales almost linearly with some drop per
client compared to the single client case.

However, for the multi-threaded and multiple messages tests
the messaging rate of the clients are not distributed evenly.
Furthermore, in some cases of the multiple messages test one
or two clients’ messages were dropped and didn’t reach the
test applications.

Based on the tests on the POWERY servers the upper limit
of a socket’s receive rate seems to be around 400 000 MPS by
default.

V. CONCLUSION

In this article some networking methods were presented and
their effect on the performance measured by the total trans-
mitted Messages Per Second (MPS) on a single UDP socket.
It was observed that the method used for communication
has a large impact on the overall performance. Starting with
~50000 MPS as the baseline, up to ~400000 MPS could be
achieved with the multiple messages method. However, there
is a place for future improvements too.
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Baseline
10 57 141.0
100 56 371.7
1000 53 640.9
2000 38571.0
Busy wait
10 78 034.9
100 78 051.9
1000 69 693.4
2000 51277.0
Asio Sync
10 55 851.1
100 56 286.1
1000 52 675.1
2000 38 565.5
Asio Async
10 50 462.4
100 49 623.1
1000 47 090.2
2000 35376.4
Asio Sync - 160 threads
10 2750171
100 290 747.4
1000 285 478.3
2000 225 555.0
Multiple messages
10 391 879.8
100 399 686.7
1000 3775535
2000 235 198.3
0 100 000 200 000 300 000 400 000

Messages Per Second

Fig. 6. Comparison of different message sizes with different methods on the
POWERSY servers with one client and one server.

A. Future work

The tests except the multi-threaded and multiple messages
examined synchronous communication, i.e. the client waited
for a reply before sending a new message. It should worth
investigating having multiple pending messages, i.e. the client
sends N messages at once, and only sends a new one when it
receives a reply. This way there would always be N pending
messages on the network. Comparing a manual implementa-
tion with the multi-threaded and multiple messages case would
be interesting.

In the measurements carried out there was only one socket
in the client, and one socket in the server. By having multiple
sockets, the overall performance could be improved signif-
icantly [2]. By using the SO_REUSEPORT socket option
multiple sockets could be bound to the same address and
port, i.e. the clients don’t need to address different ports. By
having a clear understanding how the networking stack handles
the packets [2] [3] [7] and fine tuning some kernel and NIC
specific parameters, on a 10 Gbit/s network 7010 000 Packets
per Second (9310 Gbit/s) could be achieved [8].

Currently the measures were only carried out with C++
implementations, however it would be interesting to see the
impact of other languages (e.g. Java, C#, Python) as well.

Up to this point the networking was done via the kernel,
however by having a user space network stack it could be
omitted. This could give higher performance for some specific

Baseline
10
100
1000
2000

232 432.6
235 675.5
211 963.9

165123.0

Busy wait
10 268 316.3
100 269 441.6
1000 236 287.8
2000 178 029.2

Asio Sync
10 226 941.2
100 228 417.9
1000 217 858.0

2000 151 107.6

Asio Async
10 183 966.5
100 180 380.6
1000 1755252
2000 127 189.1

Asio Sync - 160 threads
10 225 290.5
100 308 237.7
1000 232 370.1

2000 297 439.9

Multiple messages
10 367 148.8

100 384 183.6
1000 363 194.0

2000

0 100 000
Messages Per Second

220 729.6

200 000 300 000 400 000

Fig. 7. Comparison of different message sizes with different methods on the
POWERSY servers with four clients and one server. Each color represents the
messaging rate of a POWERD client. Note, that for the last two methods they
are not evenly distributed.

applications (e.g. in high performance trading) [9] however,
the network interface would be exclusively used by only one
application [10].
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