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Agenda

e [L;DR: Zenohex = Zenoh + Elixir

e Background & Motivation:

—What is the issue in the wide-area distributed system
—Publish/Subscribe based communication

e Introduction of Zenoh and Elixir
—Basic features, ecosystem, and communication method

e ZE€NOhex
—How do we realize this biyooon-ex/ UE
. zenohex ~Rh
- DemO nStrathn Elixir API for Zenoh
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What is the issue

« More and more complex system configurations

Develop
Edge-Client, Server, MEC, Cloud
-Spec
-0OS
-Language
-Cloud-Service Configuration

Connected Network
Local, Mobile, WAN, Leased circuit

Communication Protocol

Serial, http(s), MQTT, ROS, WebSocket
REST API, gRPC, FTP, SMTP

-«and more
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Publish/Subscribe Messaging

s @ e Brokered (e.g., MQTT)
[ — m —need to know where is broker
oublisherl topicA subscrlberl6
=, M o e S
™ - & * ™ M
blisher2 topicB
PEDIRRET g:; . Peer-to-Peer (e.g., DDS)
» Benefits —autonomous search for partners
— Easy to construct asynchronous  —typically limited on the same NW
and loosely coupled architecture 6
— nodes can be added/deleted/ 0 > R

restarted independently
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#§ Zenoh what is??

« Zero Overhead Pub/Sub, Store/Query and Compute

— Zero network overhead protocol

— DDS-like communication within a network and
MQTT-like communication between networks Zel l a

« Dev leader: ZettaScale Technology Ltd. SCOI@
— GitHub: https://github.com/eclipse-zenoh/
v'One of the Eclipse Project
v Eclipse Public License 2.0 and/or Apache 2.0

— Initially implemented in OCaml,
and then migrated to Rust in Oct 2020
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https://www.zettascale.tech/
https://github.com/eclipse-zenoh/

#§ Zenoh Eloquent

« Pub / Sub (Push) « Pub / Store / Get
— basic pub/sub method — KVS based computation
Pub Pub
L node I roce BT node.
Sub(callback) Pull
« Pub / Sub (Pull) « Get / Reply
— Sub receives in its own timing — RPC-like communication
Pub Get

node ey NOde node P )} node

Sub(Pull) Reply
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(“5 Zenoh Scalable

Peer to Peer Brokered Routed
Clique Mesh

N
53
I I
[client} [client client
/

Zenoh router behaves as

—/ a broker between networks
_ _ « We can construct a wide area
network structure easily!
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#§ Zenoh Fast

o Low latency and High throughput

— 10 us latency in the single machine,
16 us in multiple machines (P2P config.)

— ~70 Gbps at 8 KB payload
v 35x higher than MQTT,

23x than Kafka, 3.3x than DDS

« Why?: minimum wire overhead
—only 5 bytes for delivering messages
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Median bit/s with 5th & 95th Perce

ad I'\)(lv > cs > arXiv:2303.09419
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Help | Advanced Search

Computer Science > Distributed, Parallel, and Cluster Computing Access Paper'

[Submitted on 16 Mar 2023] e Download PDF

A Performance Study on the Throughput and Latency of viewicense
Zenoh, MQTT, Kafka, and DDS Current browse context:
Wen-Yew Liang, Yuyuan Yuan, Hsiang-Jui Lin <prev. | next>
new | recent | 2303
In this study, we compare the performance of the new-generation communication protocol Zenoh Change to browse by:
with the widely-used MQTT, Kafka, and DDS. Two performance indexes were evaluated, including cs

throughput and latency. A brief description of each protocol is introduced in this article. The
experiment configuration and the testing scenarios are described in detail. The results show that
Zenoh outperforms the others with impressive performance numbers.
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#J Zenoh Runs Everywhere!

« zenoh-python
e zenoh-c

« Zzenoh-cpp

« zenoh-java

APIs for various languages N

« zenoh-kotlin
« zenoh-csharp
« zenoh-go

/

QUIC, TLS, TCP,
UDP Unicast,
UDP Multicast

Transport

Network

6LoWPAN o
Reference manual |
API
Migration guid

WiFi, Ethernet,

Data Link Bluetooth, Serial

Physical
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Your first Zenoh app

Let us take a step-by-step approach in putting together your
first Zenoh application in Python. As the first step, let us see
how we get some data from a temperature sensor in our
kitchen. Then we see how we
perform some analytics.

can route this data to store and

Getting Started
with Python

Before cranking some code, let's define some terminology.

Zenoh deals with keys/values where each key is a path and is
associated to a value. A key looks like just a Unix file system
path, such as myhome/kitchen/temp. The value can be defined
with different encodings (string, JSON, raw bytes buffer...).

Let's get started!

Pub/sub in Zenoh

First, let's write an application, z_sensor.py that will produce
ments at each second:

temperature measurel

https://zenoh.io/docs/
oetting-started/first-app/
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https://github.com/eclipse-zenoh/zenoh-python
https://github.com/eclipse-zenoh/zenoh-c
https://github.com/eclipse-zenoh/zenoh-cpp
https://github.com/eclipse-zenoh/zenoh-java
https://zenoh.io/docs/getting-started/first-app/
https://zenoh.io/docs/getting-started/first-app/
https://github.com/eclipse-zenoh/zenoh-kotlin
https://github.com/eclipse-zenoh/zenoh-csharp
https://github.com/eclipse-zenoh/zenoh-go

We love Elixir!!

Functional language (appeared in 2012)

" Operated on Erlang VM (BEAM) ay )
* lightweight processes with robustness [ i
 highly concurrency/parallelism ERLANG
« soft real-time feature

.+ easy to realize distributed and fault tolerance system |

o Similar to Actor Model DI—A4 D
— Actors (processes) send and receive messages —

—"Let it Crash”: The problematic process should be
promptly crashed and restored immediately

— Suitable to IoT system development!
Lab#2, IP€, ICT, UTokyo * The copyrights of these logos 10
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We love Elixir!!

« AwWesome ecosystem!

ome &
e

7 LN
Phoenix
Framework

—— —

Nx

- Automatic differentiation

- Multi-dimensional typed arrays (aka tensors)
- Numerical definitions (defn)
- Asubset of Elixir for numerical computation

model =
Axon.input({nil, 784})

> Axon.dropout(rate: 0.5)
> Axon.dense(10, activation:

> Axon.dense(128, activation: :relu)

:softmax)

i Livebo

cker run -p 8080:8080 --pull always livebook/livebook
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* The copyrights of these logos
belong to their respective creators
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Ud~h

Zenohex = Zenoh + Elixir 0%

« Why Zenohex?
—We should find a network library that is over the network

—Marriage of Zenoh and Elixir could take balance
programmability and performance

e How to Implement ? process W  Erlang VM | R
. . . C++ Elixir
—Zenoh is written in Rust nodel S o @
—Use Rustler node2 node2

v'Easy to bind Rust and Elixir
v’ Generate boilerplate project
v’ Integrate cargo and mix build Zenoh Protocol by Rust

Lab#@, IPC, IST, UTokyo 15
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v ZENOHEX
5 .githLJb @spec -open(Config.t()) :: {:0k, Session.t
def open(config \\ %Config{}) do
e e 1 > config case System.get_env("SCOUTING_DELAY"
! Zenohex advanced API l . il ->
| v b Nif.zenoh open(config)

(Elixir like library)

_____________________ zenohex

Zenohex API zenohex.ex

(Similar to Zenoh API) v native\ zenohex_nif
7 .cargo

Zenohex.Nif > srC
= Cargo.lock
Zenohex_nif /‘Cargo.toml

README.md

Zenoh library > priv
> test
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delay ->
Nif.zenoh_open(%Config{config |

@spec zenoh_open() :: any() | @spec zenoh_open(any

def zenoh open( \\ %Config{}),

#[rustler::nif(schedule
‘n - zenoh_open(config:
let config: zenoh::prelude

match zenoh::oeen(confiE)J

Ok(session) => 0Ok(Resol

Err(error) => Err(errol




How to use Zenohex

« add {:zenohex, "~> 0.3.0"} to mix.exs
Publisher Subscriber

defmodule ZenohElixir.Pub do defmodule ZenohElixir.Sub do
def main do def main do
{:0k, session} = Zenohex.open() {:0k, session} = Zenohex.open()

{:0k, publisher} = Zenohex.Session.declare_publisher {:0k, subscriber} = Zenohex.Session.declare_subscriber
(session, "key/expression™) (session, "key/expression™)

spawn(ZenohElixir.Pub, :publish, [publisher, 0]) spawn(ZenohElixir.Sub, :subscribe, [subscriber])
end end

def publish(publisher, num) do def subscribe(subscriber) do
msg = "Hello from Elixir!! " <> to_string(num) case Zenohex.Subscriber.recv_timeout(subscriber) do
[0.puts "[pub.ex] " <> msg {:error, :timeout} -> nil

{:0k, msg} -> IO.puts "[sub.ex] " <> msg.value
Zenohex.Publisher.put(publisher, msg) end

Process.sleep(1000) subscribe(subscriber)
publish(publisher, num + 1) end

end end
end
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-A “ron yori run”
J:D RU N ! = The RUN is mightier than the word

DEMO: over the network
this PC & Amazon EC2

Elixir
Zenohex
Subscriber

®Local < Global Zenohex demo

Elixir
Zenohex
Publisher

@Local — Global

Phoenix + Zenohex application

Zenoh router Zenoh router
(zenohd) . (zenohd)
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Conclusion

« Zenohex = Zenoh + Elixir

—/Zenoh: lightweight and easy-to-deploy comm. library
—Elixir: most promising language for IoT systems

 WiP and Future Works (ﬂ Zenoh

—Integration to Nerves IoT devices
—Quantitative evaluation

—Apply to actual wide-area biyooon-ex/
distributed systems Zenohex
Elixir API for Zenoh
4 O1 w38 ¥ (] —
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