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A VERY SIMPLE SETUP

 Asingle physical machine with standard UNIX (Ubuntu 18.04)
 Servers operate as separate processes (mysqld) or collection of scripts

executed by common daemon (apache).

» \Web-based service is selected by Apache’s virtualhost, which spawns a
NEW process to run associated scripts.

WordPress
Server
Requests
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Google docs

Web services, multimedia, business apps Gmall |
YouTube, Flickr

Software

Application

MS Azure
Software framework (Java/Python/.Net) Google App engine

Storage (databases)
Platforms

Amazon S3
Computation (VM), storage (block, file) Amazon EC2

Infrastructure

CPU, memory, disk, bandwidth Datacenters

Hardware

Infrastructure
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ORCHESTRATION
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Reliable Connectivity
Computing Power
Data Longevity

Data Storage
Reliability

Latency

Billions

Thousands
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Location Awareness
Mobility Support
Geo distribution

Responsive
Interactive

Delay litter
Devices
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Microservice ;
Microservice

Monolithic Architecture Microservice Architecture

UNIVERSITY
OF TWENTE.



QUESTION FOR MANY RESEARCHERS

» How can you ensure that your distributed application, N
consisting of possibly many microservices, is conveniently 7
- distributed across all those nodes in the cloud and on the

edge?

X

ANSWER: (SCALABLE) ORCHESTRATION

 Essentially a global system that monitors and decides where \}@‘h
to place computations (or microservices). |

Do we need it?
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6. Get embedded documents
(if not already cached)

Cache

5. Get embedded

documents
Return IP address

_ 7. Embedded documents
client-best server

1. Get base document

CDN DNS Client
server <

2. Document with refs
to embedded documents

Regular
DNS system
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ABOUT (HIDDEN) ASSUMPTIONS

» Many of us often pose problems and solutions based on B
assumptions that have not been made explicit and that may
turn out to be false. // h w\&\

» Assumption: when dealing with edge devices we need t(c";"'-~“‘-7f 75~ it (‘é&\m AR\

carefully decide which computations (or microservices) we &} (TW V' &I
I SO A
(K( \ \\1 '/, 7 )
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place at the edge, in turn leading to a need for orchestration/ |

» Hypothesis: edge computing is generally not driven by the \5\ \L‘;
fact that it's easier to offload computations to the edge, but K"ﬁ-"
from the fact that there are compelling reasons not to offload
computations to the cloud.
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(©) SPEEDTEST
& DOWNLOAD Mbps (1) UPLOAD Mbps

ABOUT (HIDDEN) ASSUMPTIONS 126 10 4
Ping 19ms Jitter 2ms | Loss 0.0¢
« Assumption: resources are so limited that we need to A I
carefully optimize their usage. This is particularly the case f’;,;\‘}g
for the Internet of Things as the number of things are // “\&\
growing exponentially. ‘“‘\f’?f /{\ S i\y\ﬁ 9&:9 i\‘}
[t \?‘\) ) J ]\"\#‘ f /

» Fact: Computational, networking,.and storage resources <’
have grown incredibly fast the past decades. We often don’)f
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even know what to do with them. \‘i\ ﬁi\ \
\5 S
* Hypothesis: we can't beat Mother Nature, so we need to \t fj,)

concentrate on situations where she is bugging us.
Bandwidth we can control, latency we cannot, although
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PERFORMANCE

ABOUT (HIDDEN) ASSUMPTIONS

MODERN APPLICATIONS

e.g., machine learnin
S r\g) ALGORITHMS
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MORE (HIDDEN) ASSUMPTIONS

 \We need to keep data closeby (we can't trust the cloud)

 Decentralization is better centralized approac
» We're missing out on resource optimization (t

research on sharing resources of and among mobile

phones) Q
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STARTING POINTS & SUGGESTIONS

« A Comprehensive Survey on Fog Computing: State-of-the-Art and Research Challenges.
C. Mouradian, D. Naboulsi, S. Yangui, R.H. Glitho, M.J. Morrow, P.A. Polakos.

IEEE Communications Surveys & Tutorials, vol 20 (1), 2018.
Contains lots of references for further reading and inspiration.

Edge Computing: A Survey.

W.Z. Khan, E. Ahmed, S. Hakak, |. Yagoob, A. Ahmed.

Future Generation Computer Systems, vol 97, 2019.

Yet another survey (less comprehensive), but also lists open research questions.

Distributed Systems book
H1,H2.3, H3.2, H3.4, H7.2, H7 .4, H7.6
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