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TECHNISCHE
WACHSTUMSMARKT CLOUD-COMPUTING &) rocrscruie
LUBECK
70% des Marktes teilen sich die sogenannten Big-Five
Die entwicklung ist
zwar beeindruckend,
350 aber ivumer noch
,Laut Gartner wird der weltweite Z;ZZZZ Z’“‘Mf:t
.. . . 00
Markt fiir Public Cloud Services } smanchmal behauptet
2019 um 17,5 Prozent auf D wird.
insgesamt 214,3 Milliarden Dollar
wachsen [...]. Das am schnellsten 200 Chem
wachsende Marktsegment wird , x‘ar’ﬁlﬁ%
. 15 S AL s
Infrastructure as a Service (laaS)
sein[...]. Die zweithochste 100 BrG-FIVE:
Wachstumsrate von 21,8 Prozent * Amazon
wird durch [...] Platform as a 50 * Microsoft
Service (PaaS) erreicht." * Allbaba
o * Google
2018 2019 2020 2021 2022 . 1BM
Umsatz (Mrd. USD) * Google
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CLOUD COMPUTING HYPE CYCLE

Gartner, 2018

expectations In Zeiten des
P Muticloud —_ [~ Container Management e
Cloud Serviel Expense Management ) P— @} _lg_‘u‘;a]e n Wandels
Clbud Managed Services —, A3 i :e AR
Hpperscale Computng — 9 ist Cloud
Sdoe Compitia Software ss a Service (SaaS) i
Imenjtale fasiucture —~ Computing heute
Cloud Tethering Cloud Security Assessments — die primére Option
Serveriess PaaS — s~ APl Economy Infrastructure as a .p ) al p
Cloud to Edge _ Cloud-Nate Service (t2a5) "\ und nicht mehr
Devpiopment Support ~ Application Cloud-Testing Tools _ |
e s Hybeid 1T Architecture and Services | “\ P : n eine von
in Paa! = laaS+
Platform as a Service (PaaS) g
s OB it Saa$ Administrative ERP — o ik VJ&']@H . "
ehal —
e Ratemy _ N hostoton Pass Moglichkeiten
Cloud Networking —/ \— Public Cloud Storage
Software-Defined | \- r;’rm;e PaaS
Infrastruct o
s s I T\ \,‘ L Cioud Center of Excellence Gartner-AnaIyst
Hybrid Cloud Computing Il | \‘,yL Integrated laa$ and PaaS .
Cloud Servics Brokersge \ Cloud Migraton Gregor Petri
Cloudbursting — |\~ Cioud Management Platforms
\ Private Cloud Computing
Peak of
Innovation Trough of " Plateau of
Trigger L ors: DisMusionment.  Siope.of Enfightenment Productivity
time ’
Years to mainstream adoption:
obsolete
Olessthan2years © 2to5years @ 5to10years A more than 10 years ® before plateau
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CLOUD COMPUTING

Im Vergleich zu anderen Ansdtzen Verteilter Systeme

Scale

Distributed Systems

Die 5 Gebote der Cloud

1. Everything fails all the time

2. Focuson MTTR and not on
MTTF

3. Respect the Eight Fallacies of
Distributed Computing

4. Scale out, not up

5. Treat ressources as cattle, not

Application
Oriented

- TS pets
Services

Oriented
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MTTR =
Mean Time to

Repair
MTTF =

Mean Time to
Failure
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CLOUD COMPUTING IST KEINE UBERRASCHUNG

Sondern auf den Schultern von Giganten entstanden

Cloud Computing
-
[ T T T I 1
High Performance Verteilte Kommoditisierung Kommoditisierung Virtualisierun Web 2.0/
Computing Verabeitung des Internets der Hardware 9 Service Computing
Parallel . Hardware
Algorithmen Remote Protokolle Breitband-Zugang Virtualisierung

Parallelrechner | |— Merr?i)srs;igustfgfage Diverse Endgerdte
) Grid-/Cluster
GPU-Computing | — Com/puting

NO-SQL
Datenbanken

Peer-to-Peer

Virtuelle
Maschinen

Betriebssystem
“— Virtualisierung
(Prozessisolation)
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DAS SCHICHTENMODELL DES CLOUD COMPUTINGS

Service - Modelle

Ebene 4: SaaS
Software as a Service

Ebene 3: PaaS
Platform as a Service

Ebene 2: laaS

Infrastruktur as a Service

Ebene 1: Hardware

Kunden, Endnutzer

*  Anpassbare Software-Dienste
*  XaaS$ (Everything as a Service)
«  Transparente Updates

Entwickler

*  Programmierschnittstellen (APIs)

*  Plattformdienste

*  Abstraktion der technischen Infrastruktur

Administratoren

*  Elastizitat

*  Virtuelle Ressourcenpools

*  Technische Infrastruktur (VM, Storage, Network)

Rechenzentrum
*  Rechner

*  Netzwerk

¢ Storage

TECHNISCHE
HOCHSCHULE
LUBECK

Digse Pyramide
werden wir uns
nach oben
Adurcharbeiten.
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TECHNOLOGIE - EBENEN

Oder: Wie kommt die Software an das Blech?

Platform as a Service

Cluster Orchestration

Cluster Scheduling

Infrastructure as a4 Senice

Virtualisierung
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Diese Ebenen
werden wir aus
verschiedenen
Blickwinkeln
belewchten.
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HISTORISCHE ENTWICKLUNG

Eine kurze Geschichte der Cloud

©)

®

Dedicated Server

Bare Metal

Bare Metal
Server BETY

In case of dedicated servers applications (4,
8) are deployed on physical servers. In
consequence, the servers are often over
dimensioned and have inefficient utilization
rates.

o/

Virtualization

Bare Metal Server

Machine virtualization is mainly used to
consolidate and isolate applications on
virtual machine instead of dedicated
servers. This increases the application
density on bare metal servers but the
virtual machine images (deployment
unit) are very large.

G)
&)

Containerization
Microservices

Container
Engine

VM

Bare Metal Server

To pragmatically operate more than one
application per virtual machine,
containerization established as a trend. A
container starts faster than a virtual
machine and shares the operating system
with other containers, thus reducing
deployment unit sizes and increasing
application density per virtual machine.

®

Serverless, FaaS

il ©

FaaS Runtime Time-
Sharing

Container
Engine

VM VM

Bare Metal Server

But a container still requests a share of
CPU, memory, and storage — even if the
provided service is hardly requested. It is
more resource efficient, if services would
consume resources only if there are
incoming requests. Faa$ runtime
environments enable that services can
timeshare a host. However, this involves to
follow a serverless architecture style.

Kratzke, N. A Brief History of Cloud Application Architectures. Appl. Sci. 2018, 8, 1368.
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I Verlaufe der Zeit
sind die Griben von
Deployment units
geschrumpift!

VM -> Container
-> Function

Parallel dazu haben
sich Servic-orientierte
Architekturen
(weiter)entwickelt.

Microservices +
Serverless
Architectures
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ORIENTIERUNG IN DIESEM MODUL

Bezugssystem

Service-Modell
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Hinweis:

Dazu kot noch eine
architekturelle Ebene.
Diese wird aber im
Schwerpunket in
Folgemodul , Cloud-
native Architektiren®
behandelt werden.

aeracer

Historische Entwicklung
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CLOUD COMPUTING

The NIST Definition of Cloud Computing

Cloud computing is a model for enabling

* ubiquitous,
* convenient,

* on-demand network access

toa shared pool of configurable computing

resources that can be

* rapidly provisioned and released

e

+ with minimal management effort or service provider

interaction.

https://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublication800-145.pdf
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This eloud model
is composed of

*  fiveessential
characteristics

*  three service
models,

* and four
aeployment
models.

Resourees: £.9.,
networks, servers,
storage,
applications, and
services

PROF.DR.
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CLOUD COMPUTING

Essential Characteristics

On-demand self-service:

A consumer can provision computing capabilities, such as
server time and network storage, as needed
automatically without requiring human interaction with
the cloud service provider.

Broad network access:

Capabilities are available over the network and accessed
through standard mechanisms that promote use by
heterogeneous client platforms.

Rapid elasticity:

Capabilities can be elastically provisioned and released to
scale rapidly outward and inward commensurate with
demand. To the consumer, the capabilities available for
provisioning often appear to be unlimited and can be
appropriated in any quantity at any time.

Measured service:

Cloud systems automatically control and optimize
resource use by leveraging a metering capability at
some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and
active user accounts). Resource usage can be
monitored, controlled, and reported, providing
transparency for both the provider and consumer of
the utilized service.

Resource pooling:

The provider’s computing resources are pooled to
serve multiple consumers using a multi-tenant model,
with different physical and virtual resources
dynamically assigned and reassigned according to
consumer demand. The customer generally has no
control or knowledge over the exact location of the
provided resources but may be able to specify location
at a higher level of abstraction (e.g., country, state, or
datacenter).

TECHNISCHE
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Software as a Service
(Saas)

The capability provided to the
consumer is to use the provider’s
applications running on a cloud
infrastructure. The applications
are accessible from various client
devices through either a thin client
interface, such as a web browser
(e.g., web-based email), or a
program interface.

The consumer does not manage
or control the underlying cloud
infrastructure including network,
servers, operating systems,
storage, or even individual
application capabilities, with the
possible exception of limited user-
specific application configuration
settings

CLOUD COMPUTING

Service Models

Platform as a Service
(PaaS)

The capability provided to the
consumer is to deploy onto the
cloud infrastructure consumer-
created or acquired applications
created using programming
languages, libraries, services, and
tools supported by the provider.

The consumer does not manage
or control the underlying cloud
infrastructure including network,
servers, operating systems, or
storage, but has control over the
deployed applications and
possibly configuration settings for
the application-hosting
environment.

Infrastructure as a Service
(laas)

The capability provided to the
consumer is to provision
processing, storage, networks,
and other fundamental computing
resources where the consumer is
able to deploy and run arbitrary
software, which can include
operating systems and
applications.

The consumer does not manage
or control the underlying cloud
infrastructure but has control over
operating systems, storage, and
deployed applications; and
possibly limited control of select
networking components (e.g.,
host firewalls).

. TECHNISCHE
HOCHSCHULE

LUBECK
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CLOUD-SERVICE MODELLE

Customer Managed vs. Provider Managed Services

sinkender Lock-In, steigende Betriebskomplexitit

A

Enterprise IT
(legacy IT)

\

Applications
Security

Databases

°
Q
=)
@
c
I}

=
put
[}
£

o
17}
3

O

Operating Systems
Virtualization

Servers

Customer Managed

Storage
Networking

Data Centers

f

Operating Systems

Infrastructure
(as a Service)

Customer Managed

Platform
(as a Service)

g e |

Software
(as a Service)

19PIAQ.

stelgender Lock-n, sinkende Betriebskomplexitit
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Mittels Cloud-
Computing lassen
sich Teile der 1T~
basierten
Wertsehbpfiung an
externe Dienstleister
(Cloud-Provider)
auslagern.

Von 1aas viber Paas
zu sSaas wird dieser
ausgelagerte Anteil
dabei immer griber
(ebenso wie die
Gewinnmargen der
Provider).

Alle Service-Modelle
folgen dabei denselben
wirtschaftlichen
Gesetzmibighkeiten.

PROF.DR.
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CLOUD COMPUTING

Deployment Models

Private cloud

The cloud infrastructure is provisioned for exclusive use
by a single organization comprising multiple consumers
(e.g., business units). It may be owned, managed, and
operated by the organization, a third party, or some
combination of them, and it may exist on or off
premises.

Public cloud

The cloud infrastructure is provisioned for open use by
the general public. It may be owned, managed, and
operated by a business, academic, or government
organization, or some combination of them. It exists on
the premises of the cloud provider.

Community cloud

The cloud infrastructure is provisioned for exclusive use
by a specific community of consumers from
organizations that have shared concerns (e.g., mission,
security requirements, policy, and compliance
considerations). It may be owned, managed, and
operated by one or more of the organizations in the
community, a third party, or some combination of them,
and it may exist on or off premises.

Hybrid cloud

The cloud infrastructure is a composition of two or more
distinct cloud infrastructures (private, community, or
public) that remain unique entities, but are bound
together by standardized or proprietary technology that
enables data and application portability (e.g., cloud
bursting for load balancing between clouds).

TECHNISCHE
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Hinweis:

wenn von Cloud
Computing gesprochen
wird, wird hiufig
Public Cloud
Computing gemeint,
ohne dies explizit zu
sagen.

vendor Lock-In
Bedenken werden
héiufig durch Private
Cloud Ansditze
beantwortet (auch
wenn das
wirtschaftlich nicht
Lmmer sinnvoll ist).
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PAY-AS-YOU-GO

Nur fiir das Zahlen was man benétigt ...

K\. Das Dimensionierungs-

TECHNISCHE
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problen in ,klassischen” On-
Capacity 4
8 2 Premise Rechenzentren.
& &
Cloud Computing ermiglicht
Demand Demand Lastkurven enger zu folgen
1 2 3 1 2 3 (und Ressonrcen zu sparen,).
Time (days) Time (days)
(a) Provisioning for peak load (b) Underprovisioning 1
4
” Static data center Data center in the cloud
8
E Capacity
g T T o C _apaoty -
Demand E g
2 H
T T T 3 3 Capacity
1 2 3 & 2 \
Time (days) oo Demand
(c) Underprovisioning 2 Time Time
Unused resources
PROF.DR.
Quelle: Above the Clouds: A Berkley View on Cloud, Computing, Feb. 2009 NANE KRATZKE
~ TECHNISCHE
CRASHKURS IN CLOUD-OKONOMIE HOCHSCHULE
LUBECK
Ist Cloud-Computing immer billiger?
- i p p
Cloud-Ressourcen sind vor allem dann Static data center Data center in the cloud a <=eoc<d-
a a

wirtschaftlich, wenn
Lastschwankungen in einem
Anwendungsfall auftreten.

Capacity

Resources

Die Kosten pro Cloud-Ressource

Resources

Demand

Time

kdnnen sogar deutlich hoher als die In-
house Kosten liegen — solange das
Verhaltnis von Cloud zu In-house
Kosten nicht das Verhaltnis von
Spitzen- zu Durchschnittslast
Ubersteigt.

Quelle: J. Weinman, Mathematical Proof of the Inevitability of Cloud Computing, Jan. 2011
http://www.joeweinman.com/resources/joe_weinman_inevitability_of_cloud.pdf

Time

Unused resources

a4 n-house Aufwand
clowd-Kosten

o

a Durchschnittslast

(average)

P Spitzenlast

(peak)
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WORKLOAD KATEGORIEN
Constant, Changing, Periodic, Unpredictable (Once-in-a-lifetime)

Random example constant workload Random example changing workload

Peak 25

Peak

load

Average
load

Required vCPUS

Required vCPUS

] 200 400 801

1000 1200 ] 200

100 600 800 1000

600
Time unit (e.g. minutes) Time unit (e.g. minutes)

1200

Random example periodic workload Random example unpredictable workload
— il S

1 Peak 25

Peak

load

Required vCPUS
Required vCPUS

Average s
load

load

Average
load

[ 200 400 1000 1200 ] 200 400 1000

600 801 600
Time unit (e.g. minutes) “Time unit (e.g. minutes)

1200
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Diese Workload
Kategorien werden im
Cloud computing
normalerweise
unterschieden.

Sie treten im ,echten
Leben” natiivlich
selten in Reinform

auf

Die meisten
Workloads setzen sich
aus diesen vier
c;mndtyptn
zusammen.

21

PIZZA-AS-A-SERVICE

Ein Beispiel zur Veranschaulichung der Gesetzmdfigkeiten der Cloud-Okonomie

Legacy Service laaS PaaS SaaS

Esstisch Esstisch Esstisch Esstisch

Getranke Getranke Getranke Getranke

Ofen Ofen Ofen Ofen

Belag Belag Belag Belag

Tomatensauce Tomatensauce Tomatensauce Tomatensauce

Pizzateig Pizzateig Pizzateig Pizzateig

Zutaten Zutaten Zutaten Zutaten

Pizza di Mama  Kaufzn & Backen Pizza service Pizzeria

. TECHNISCHE
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Wir fragen uns nun,
ob es Pizzakonsum-
Gewohwheiten geben
kbnnte die Service-
Modlelle wirtschaftlich
vorteilhatter
erscheinen lassen
konnten.

c
_<p

p
p] a«:)c<da
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STATISCHE WORKLOADS

Der regelmdfSige , Fastfood" Workload

is
d-provider RN b

per Clo ! .
30% ewrer SEV als
zu cir !
selbstgcmaohte pizZ

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
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Sie kaufen sich an
Jedem werktag zur
Mittagszeit eine
Pizza am Stand
gegeniiber vor threr
Avrbeitsstelle.

An Weochenenden
tun Sie das natiirlich
nicht.

p = 1
22
/30

@
PROF.DR.
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Q
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CONTINUOUSLY-CHANGING WORKLOADS

DerTrendsetter-Workload

umw
provider AN

3,Mat tewrer
solbstgemachtt

per OLDMFI/
<cchow bis zn
cein als thre
pizzA-

3
1 3 5 7 9 i1 13 15 17 19

4 404
I i
21 23 25 27 29
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Sie bringen thren
Kollegen immer was
vom Pizzawagemn mit.

Das spricht sich rum,
wnd Woche fiir woche
miissen Sie mehr
Pizza besorgen.

An Wochenenden

arbeitet natiivlich

n[tmﬂm«d

p = 5
_ 48

a = /3
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PERIODISCHE WORKLOADS

Der DVD/Party-Workload

3 5 7 9 11 13 15 1

der clond-Provt

sohon bis 74
sein als 11 <
pizzd-

7 19 21 23 25

27

wd
i seltener
thr pedarf W, Jer lean A

Al tewrer
Lbsf@””ﬂah“

29
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Sie machen mit
Familie und
Freunden an
Wochenenden pvD-
Abende und reichen
dazu Pizza.

unter der Woche
haben Sie dazu
natiirlich keine Zeit.

p = 5
21
/30

@D
PROF.DR.
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Q
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Q
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UNVORHERSEHBARE/SELTENE WORKLOADS

Der Pizzeria-Workload

. noch
wird
thr BEW: Vfwd der clowd

o, somit $097

,
zu i?’m'ﬂL teurer seww als
thre .SlLbSthMﬂOlﬂtd pizZ4a-

r bis

27

29
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Sie laden thre Familie
an Wochenwenden ab
wund an in eine
Pizzeria ein.

unter der Woche
haben sie dazu
natiirlich keine Z eit.

p = 4
7
/30

PROF.DR.
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TECHNISCHE
KOSTENVORTEILE s

LUBECK
entstehen in erster Linie durch den Workload

Kostenvorteile
entstehen also in aller
Regel durch den
Workload und erst in

17,1 zZweiter Linie durch die
Kostenstruktur des
Dienstes.

Fun Fact:
AWS hat ca. 50F
Mariktanteil im Clowd

Computing verlangt
71 aber hiufig bis zu
20 mehr pro Einheit
. fitr Services als bspw.
“ Warim ist das so?

Static Continu ously Chan ging Periodic Unpred ictable o o
Vielleicht weil bet diesen
Kostenvorteilen 10%

/e < > Preisunterschiede kawm noch
on-Premise < > Clowd messbar sindz

PROF.DR.
NANE KRATZKE
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FUN FACT pigse Tatsache nennt Sioh TECHNISCHE
KostzMsSDZl:ﬂf"Wtﬁt u LUBECK
Es kostet (ibrigens dasselbe ...
Cloud-Shkonomie
kreativ nutzen

" . . o - " . Bel welchem
1 Ofen fir 20 x 15 min zu mieten 20 Ofen fiir 15 min zu mieten Lieferdienst wiirden

Sie 20 Pizzen
bestellen?

*  Bédem derSieins
Stunden beliefert und
bei dem 19 Pizzen kalt
sind?

©  Beldem, der thnen
nach 15 Minuten 20
warme Pizzen liefern
kann?

© Wieviel Aufpreis wire

TNV AN thnen das wert?
@' —— @' o Wieviel Mehraufvand

.'A“. 'A:‘ :m\ lm\ pauer: /?Jisttt;ﬂsdtw
Lieferdienst?

RRRIRNG, B o Wit il brauchen
=

— Sie als Lieferdienst
TR TR wohl 20 Sfen

gleichzeitig?

PROF.DR.
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‘ TECHNISCHE
DER EFFEKT FREINGRANULARER ZUTEILUNGEN HOCHSCHULE
LUBECK
Am Beispiel der Unpredictable Workload Kategorie
UNPREDICTABLE workload analysis
(VM with 8 vCPU and a minimum scaling timeframe of 60 min) , .
25 peak Ausgangssitudtion:
oad Nutzung von
groBen Virtuellen
2 Maschinen fitr
Jlange “ Zeitriume
Less than 50%
215 utilization
& VM: gverPu
i Dawer: &0 min
g0 12% 7 More than 50%
utilization
s Resulticrende
ReEssOUrCEN~
e R T fona % anforderung:
o 200 CPU-Stunden
[ 200 400 600 800 1000 1200
Time unit (e.g. minutes)
Wir sehen in diesem Modell recht ineffizient genutzte VMs. Aber ungenutzte VMs
kosten dasselbe wie genutzte VMs. Die Ursache liegt letztlich in zu ,groBen
Kasten". Das ist im Wesentlichen
der Kostentrelber!!!

An welchen Stellschrauben kann man also drehen, um die Ressourcennutzung
effizienter zu machen (also die K&sten kleiner zu machen)?

PROF.DR.
NANE KRATZKE
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DER EFFEKT FREINGRANULARER ZUTEILUNGEN

Was passiert wenn wir die VM Gréf3e reduzieren?

UNPREDICTABLE workload analysis

(VM with 4 vCPU and a minimum scaling timeframe of 60 min)

peakc
foad

Less than 50%
ization

VM: 4 vCPU
Dauver: 60 min
=>124 CPU-Stunden

Mit kleineren VMs
benstigt man zwar
mehr vMs, aber
fordert dennoch

weniger CPU-
Stunden insgesamt
100 an.

More than 50%
iization

Required vCPUS

Mit kleineren vMs

e kann man
LastRurven also
wenger” folgen und
VM With 1 VCHU a2 i SCang Smeiame o 60 min) VM: 1vCPU Verschwendet
Dauer: 60 min weniger ungenutzte
=> 84 CPU-Stunden Ressourcen.

Ful
Uization;

Required vCPUS

- stellschranbe s

More than 50%

e VM- 4 7 Dl

PROF.DR.
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DER EFFEKT FREINGRANULARER ZUTEILUNGEN

Was passiert wenn wir die Zuteilungsdauer reduzieren?

UNPREDICTABLE workload analysis
(VM with 1 vCPU and a minimum scaling timeframe of 30 min)

VM: 1vCPU
= Daver: 30 min
=>67.5 CPU-Stunden

Less than 50%
utlization

Required vCPUS

13%

Ful
Uization.

More than 50%
utliation

50
Time unit (e.9. minutes)

UNPREDICTABLE workload analysis
(VM with 1 vCPU and a minimum scaling timeframe of 15 min)

VM: 1vCPU
15 min

=>56 CPU-Stunden

peak

fosd Daver:

Less than 50%
Utiization

Reauired vCRUS

stellschranbe 2

Zeit

More than 50%
iization

Average

foad

(Abrechnt

ngs A Mm/aud)
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Mit kiirzeren
Zuteilungsdavern
kann man Lastkurven
also ,schneller* folgen
wnd verschwendet
Rdrzer ungenutzte
Ressounrcen.

Alle Cloud Provider
haben mit einer
Stunden-basierten
Abrechnung begonnen,
wnd haben dann auf
Bomin, 15min, Smin,
2minAbrechnungsinter
valle umgestellt (einige
auch bereits auf
Sekunden-basis).

Den maximalen

, Effekt” den Sie damit
erzielen kinnen, sehen
Sie auf der linken Seite!
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DER EFFEKT FREINGRANULARER ZUTEILUNGEN

Wo liegen die Grenzen dieses laaS-fokussierten Ansatzes? e Bl
Weiteres Optimierungs-
potenzial zuw liegen.
UNPREDICTABLE workload analysis

(VM with 1 vCPU and a minimum scaling timeframe of 1 min)

25 Peak
load

More than 50%/_\

utilization

\/ 16%

33.17
vCPU
hours

Required vCPUs

5

59%

Full
utilization
Average
load

400 600 800 1000 1200
Time unit (e.g. minutes)

Less than 50%
utilization

\
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VM:
Dauwer:

1 VCPU
1 min

= 33.1F CPU-
Stunden

um in diesen Bereich
vorzudringen
missen wir
allerdings noch
schneller wnd noch
feingranularer
skalieren kRinmnen.

*  Container (Sub
cPU Scale)

* Faas (Sub
Second Scale)
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JUPYTER NOTEBOOK V GitLab

Nur Versuch macht kluch ...

Klonen Sie dieses Repository (in Jupyter Lab, https://jupyter.mylab.th-luebeck.de):
git clone https://git.mylab.th-luebeck.de/cloud-native/lab-workload-analysis.git

Workload Analyse

Ubung 1:

Workload Arten

Ubung 2:

Periodische Workloads
Ubung 3:

Unpredictable Workloads
Ubung 4:

Weitere Workloads
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EINE KURZE GESCHICHTE DER CLOUD

Die Verkleinerung von Deployment Units im Verlaufe der Zeit

®

Bare Metal
Server

rates.

Dedicated Server

Bare Metal
Server

In case of dediicated servers applications (4,
8) are deployed on physical servers. In
consequence, the servers are often over
dimensioned and have inefficient utilization

@ 0,
o/ o/
Virtualization Containerization

Bare Metal Server

Machine virtualization is mainly used to
consolidate and isolate applications on
virtual machine instead of dedicated
servers. This increases the application

density on bare metal servers but the

virtual machine images (deployment

unit) are very large.

Microservices

Container
Engine

VM

Bare Metal Server

To pragmatically operate more than one
application per virtual machine,
containerization established as a trend. A
container starts faster than a virtual
machine and shares the operating system
with other containers, thus reducing
deployment unit sizes and increasing
application density per virtual machine

®

Serverless, FaaS

i ©

FaaS Runtime Time-
Sharing

Container
Engine

VM 7

Bare Metal Server

But a container still requests a share of
CPU, memory, and storage — even if the
provided service is hardly requested. It is
more resource efficient, if services would
consume resources only if there are
incoming requests. Faa$ runtime
environments enable that services can
timeshare a host. However, this involves to
follow a serverless architecture style.

Quelle: Kratzke, N. A Brief History of Cloud Application Architectures. Appl. Sci. 2018, 8, 1368.
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e Verlaufe der Zeit
sind die griben von
Deployment units
geschrumpife!

VM -> Container
-> Function

Parallel dazu haben
sich Senvic-orientierte
Architekturen
(weiter)entwickelt.

Microservices +
Serverless
Avrchitectures
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EINE KURZE GESCHICHTE DER CLOUD

Containerisierung
Container VM

| App A | | App B | | App C | | App A | | App B | App C |
| Bins/Libs | | Bins/Libs | | Bins/Libs | | Bins/Libs | I Bins/Libs | Bins/Libs |

A _ - | Guest OS | | Guest OS | Guest OS |
I Container Runtime Engine |
| Host Operating System (OS) | | Hypervisor I
| Infrastructure | | Infrastructure |

Containers:

Containers are an abstraction at the application layer
that packages code and dependencies together.

Multiple containers can run on the same machine and
share the OS kernel with other containers, each
running as isolated processes in user space. Containers
take up less space than VMs (typically tens of MBs) and
start seconds to milliseconds.

Virtual Machines:

Virtual machines (VM) are an abstraction of physical
hardware turning one server into many servers. The
hypervisor allows multiple VMs to run on a single
machine. Each VM includes a full copy of an operating
system, one or more apps, necessary binaries and
libraries - taking often up tens of GBs. VMs take normally

minutes to boot.

‘ TECHNISCHE
HOCHSCHULE

LUBECK

Container nutzen
Betriebssystem-
Virtualisierung
(Prozessisolation)
anstelle von
Maschinen~
Virtualisierung.

Nachteil:
Container-O0S und
HoSE-OS miissen
ldentiseh sein (meist
Linux).

Vorteil:

Container starten
sehr viel sehneller
und konnen
wesentlich kleiner
sein.
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THE EIGHT FALLACIES OF DISTRIBUTED COMPUTING

Bill Joy + Tom Lyon (1 - 4), Peter Deutsch (5- 7), James Gosling (8)

Diese Liste der sogenannten Irrtimer der
verteilten Datenverarbeitung sind eine Sammlung
eigentlich trivialer, aber doch haufiger fehlerhafter
Annahmen, die Entwickler (hdufig

unbewusst) voraussetzen, wenn sie insbesondere
das erste Mal eine verteilte Anwendung entwickeln.

Die Liste der Fallacies of Distributed

Computing kommt urspringlich von Sun
Microsystems und wurde dort von Bill Joy und Tom
Lyon mit vier TrugschlUssen eréffnet. Weite
Bekanntheit erlangten sie 1994 durch Peter
Deutsch, der sie zu sieben TrugschlUsse erweiterte
und als "The Seven Fallacies of Distributed
Computing" veroffentlichte. James Gosling,
ebenfalls von Sun, setzte ungefahr 1997 noch den
achten Punkt dazu.

(1) Das Netzwerk ist ausfallsicher
(2) Die Latenzzeit ist gleich null

(3) Der Datendurchsatz ist
unbegrenzt

(4) Das Netzwerk ist sicher

(5) Die Netzwerktopologie wird
sich nicht andern

(6) Es gibt immer nur
einen Netzwerkadministrator

(7) Die Kosten des
Datentransports kénnen mit
null angesetzt werden

(8) Das Netzwerk ist homogen

TECHNISCHE
HOCHSCHULE
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SUN
M[amsgsttm.s

ist die Firma, die

_Java(199é&, v1.0)
entwickelt hat
und 2009/2010
von Orgele
vbermommen
wurde.
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®8-6

n solated State

A maximimum of
cloud application
components should
be stateless. They do
not handle:

Session State:
State of the
communication with
the application.

Application State:
Business data handled
by the application.

E istribution

Cloud applications
are split up into
multiple
components

to utilize multiple
cloud resources

because the cloud
itself is a large
distributed system.

CLOUD-NATIVE APPLIKATIONEN

Das IDEAL-Modell (Von Service-orientierten Architekturen inspiriert)

)

E lasticity

Cloud applications
are scaled by
adjusting resource
numbers (scaling
out) — not by scaling
up:

Scale out
(horizontally):
Increase performance
by adding more
resources.

Scale up (vertically):
Increase performance
by improving existing
resources.

atge-o [

utomated

Management tasks
during runtime have
to be handled
quickly.

Example: Cost
reduction by adjusting
pay-per-use resource
numbers
automatically.

Example: Automatic
reaction to resource
failures.

?

oose Coupling

Cloud-native
application
components should
not influence each
other regarding
factors such as
availability, data
format, data
exchange rate.

Example:

Failure of one
application component
does not cause failure
of other components.

. TECHNISCHE
HOCHSCHULE

LUBECK

Christoph Fehling -Frank Leymann
Ralph Retter - Walter Schupeck
Peter Arbitter

(loud Computing
Patterns

Fundamentals to Design, Build,
and Manage Cloud Applications
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wo-TierCloud Application (290
resentation and businesslogic s bundled to ne statelesste that s
easy toscale. It s separated fom the data ter that s harder 1 scale

Three-TierCloud Application 294)
Presentaton, busines ogi, and data handing ar realzed nsepo:

Content Distribution Network (300)

opications component instances nd data handied by them are
globall distrbuted to meet scces performance requirements.

) HridUser nterface (304)

Cloud Computing Patterns

http://www.cloudcomputingpatterns.org

~

j Hybrid Processing (308)

[PRe /ey

B remainder of an applcation esdes ina tatic environment

| obrid Daa G11)
5 ofan appication residesin 3 statc environment.

&

Locse Couping (156)
4 roterencapsuates concernsofcommuniction prtnr ocaton,
- implementation pltform, time of commuricaion, and data format.
B9 | A cova et s o unctonay o e
spplcstion components ratcan b scaledautndependenty.

Processing Component (180)

Provider Adapter (243)
Provider ntrfacesare encapsuated t separate concerns of
nteractions with the provider from appication functionaly.

Managed Configuraton (247)
[Appicaton components use a centrallysored configuraton to
rovide  unfied behavior that ca be ajusted simulaneously.

Elstaty Manager (250)

T utizaion of T resources on which an applcaton s hosted s used

Elnstc Loza Balancer (254)

processing feasibl.

Batch Processing Component (185)
Regquests are dolayed unt environmenta! conditons make their

of requied applction companent nstances.

messages are

Transacton-based Processor (201)

Elasticty Management Process (267)

E tateful Component (168)
theirnternal sate to provide 3 unifed behavior:

Idempotent processor (197)

ybrid Backup (314)
(5] J clastic cloud for disaster recovery purposes.

Hybrid Backend (317)
ackend fonctonaity (data-ntensive pocessing and storage) is
xperiencing varying workloads and i hased in an elastc o

Wbrd Multimedia Web Application (323)
’E‘m Wit content s mainy served from a satic envronment. Mol
Q) "o Deeepmen nronmet 26)
& ] casic envionment where appicatonsar developed and tested

tatic Workioad (26)
‘esautceswith n equal utlzaton over tine experience
ot workioad
riodic Workiosd 29)
tesoutces with 3 peaking utlizaton at reaccuring Sme ntenvals
uperience periodicwarkload.
nce-i-a-fetime Workdoad (53]

e with an equalutlizstion over Sime diturbed by 3 strong
eak occuring only once experience once-i-a fetime workload
inpredictable Workioad (36)

dom and unforeseeable tilzaton overtime
xperience unpredicable workioad
ontinuously Changing Workload (40)
tesoutceswith 3 utlzaton tht rows o shrinks constantlyover
time experince continuously changing workioa

a Sateless Component (171)
and 1o make the appication more tolerant to component flures.

information under 3 transactonalcontet 9 ensre processing.

‘utomaticaly o cope with ncressing ordecressing workioad

orsredesigned tobe immune
Data Access Component (135)

o these conditons.

o ‘. Mt Component image (206)
imestreduce provisioning and decommissoning operatons

bl additiona consisency, and
) ata Abstractor (194

Data s atered o nherently support eventully consistent data

ensure adjustabily of dta clements.

Userntrface Companent (175)
[ | cmomitiarraaces v s . i

B--Jil®

User Group

{

Cloud Runtime
Environment

Feature Flag Management Process (271)
 some applica
tion feaures are degraded i order to keep vital fatures opertional.

Updae Transiton process (275)
When  new applction component version becomes avallbl,
unning appiction components are updated seamiessly.

Standby Pooling rocess 279)
Applicaion component nstancesare kept o standby to

Resiency Management )
Application components are checked or filures and repiaced
sutomatically without uman ntrvention.

ses via messaging s used 1 acust the number

increase provisioning speed an utilze biling time sits efficentl

g Restrcted Data Access Component (222)

o access restictions.

(2s)
B st mov ot betenaterent o proviers

Appicaton Component Proxy (226)

@ Infrastructure 2 »Service (12S) (45)
) 1

(i) 7o+ serice (s 69
[===]

Elastic nrastucture (87)
Hostingof irtual servers, dis storage, and confguraton of network.

connectity is ofered vi  slfsevice nterface over a network

(| rers componene )

&  Compliant ata Repiication (231)
 bfuscated and deleted to meet lows and secury reguiations

@ Integration Provider (234)

s

Tenant isoated Componen (214)

Dedicated Component (218)

Blockstorage (110)

performance, avallabe storage capacty, and accessilty.

tenants hie sl allowing other companents to be shared.

m‘ Middieware for the execution of applcations,their commurication,

Blob torage (112)

D) to enable slfservice,rapd lasicy,

32 virtusservers, mideleware,or hosted sppliction companents

enable acces o this torage vi the lcal e system.

.

Strict Consstency (123)

e sstem e fashion

e

ublc Cloud (62)

resoutces are provided a a service t 3 very arge customer group
order to enable elastc use of a sttic resource pool

I ncividua nodes, such s virtol servers o applicaion components

| EventualConsistency 126)
@L\

failue resiency whil consistency ofreilas s ensured at all imes

D@ Relsional Database (115)

rivate loud (66)
n

g

@ Virtual Networking (132)
J » i

Community Cloud (71)

DO | Execution Environment (108)

) Atleastonce Devery (148
X

& Message-oriented Middeware (136)

ach
Hybrid Cloud (75)
0
(5= homoseneous hosting environment

3, | o Redce 106)

e distrbuted among pocessing application omponents

the complrity ofsressng, roting, o dataformats

Transaction-based Delivery (146)
g messages ae reeived by  handiing component.

a1) Timeout based Delivery (145)
% )
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Das IDEAL-Modell
Lnur” etwas
detaillierter ;-)

Christoph Fehling - Frank Leymann
Ralph Retter - Walter Schupeck
Peter Arbitter

(loud Computing
Patterns

Fundamentals to Design, Build,
and Manage Cloud Applications
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CLOUD-NATIVE APPLIKATIONEN

Definition

CNCF Cloud Native Definition vi.o

Cloud native Technologien erméglichen es Unternehmen,

skalierbare Anwendungen in modernen, dynamischen
Umgebungen zu implementieren und zu betreiben. Dies
konnen offentliche, private und Hybrid-Clouds sein. Best-
Practises, wie Container, Service-Meshs, Microservices,
immutable Infrastruktur und deklarative APIs,
unterstiitzen diesen Ansatz.

Die zugrundeliegenden Techniken ermdglichen die
Umsetzung von entkoppelten Systemen, die belastbar,
handhabbar und beobachtbar sind. Kombiniert mit einer
robusten Automatisierung konnen Softwareentwickler
mit geringem Aufwand flexibel und schnell auf
Anderungen reagieren.

Source: Cloud-native Computing Foundation,
https://github.com/cncf/toc/blob/master/DEFINITION.md

Industry point of view

Understanding Cloud-native Applications after
10 Years of Cloud Computing

A cloud-native application (CNA) is a distributed, elastic
and horizontally scalable system composed of loosely-
coupled (micro)services. ACNA isolates state in a
minimum of stateful components.

The application and each self-contained deployment
unit of that application are designed according to cloud-
focused design patterns and operated on a self-service
elastic platform.

Source: Kratzke, Nane and Quint, Peter-Christian. Understanding Cloud-
native Applications after 10 Years of Cloud Computing - A Systematic
Mapping Study, in Journal of Systems and Software, Elsevier, 2017,

DOI: 10.1016/j.js5.2017.01.001

Software engineering research point of view
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Oft zu horen:
Cloud-native
Applikationen
sind solehe, die
absichtsvoll fiir
Cloud-
infrastrukturen
und -Plattformen
entwickelt werden
(also bewusst
nirgendwo anders
laufen sollen).
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CLOUD-NATIVE APPLIKATIONEN

Referenzmodell einer Cloud-native Applikation

Application |
(Layer 6)

Cloud-native Application

____| An application is
composed of services.

Service composing
(Layer 3)

Functional Services/All Purpose Services

H Storage Services

A service is composed
____| of containers or provided
via Faas functions and

Faa$ Platform (optional)

| interacts with other services.

Elastic
Platform
(Layer 2) Container Orchestrator

1 ~~{ Provides a portable cloud runtime
environment with elasticity features

for containers and Faa$ functions including:
Clustered Storage ~ | - Auto scaling

- Auto replicating

- Load balancing
- Health checking

Virtual machines + Operating System

Virtual Infrastructure
Virtual Network (SDN)

Infrastructure

provisioning
(Layer 1) Physical Infrastructure

- Rolling Updating

- Resource monitoring

- Service Registry/Discovery
- Image Registry

- Authentication

- Access management

File Storage Agent

Operating System
Virtual Infrastructure

Block Storage
Physical Infrastructure

laas Provider n

Provides storage for stateful

laas Provider m

One or more cloud service providers (CSPs) provide
infrastructure to operate containers.

Quelle: Kratzke, N. A Brief History of Cloud Application Architectures.

and services:
— - Object Storage

One or more CSPs - File Storage

provide infrastructure - Block Storage

to store data. —

Appl. Sci. 2018, 8, 1368.

TECHNISCHE

‘ ‘ HOCHSCHULE
LUBECK

CNA folgen
hbiufig diesem
Referenzmodell:

s Senviceof
Services

*  [Isolierter Storage

*  Container oder
Faas Functions

*  Microservice oder
Serverless
Avrehitektur
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SERVERLESS ARCHITEKTUREN L.J HOCHSCHULE

LUBECK
Containerisierung in Cloud-nativen Anwendungen zu Ende gedacht

Client (Browser) The authentication logic can be An AP| Gateway is basically a web serverthat receives
replaced with a 3rd party authentication HTTP requests and routes them to subsequent FaaS
BaaS$ (like Auth0). functions or otherbackend services.

Serverapplication
I logic now moves

/’ Some functionality mightbe kept
S in the ,server” forsecurity reasons
@ S ==~ orfor interfacing further 3rd party
I BaaS.

Purchase

to the client
application,
making it often a
native mobile app

B3 or a single-page
mobile

web application.

Function

. app
.
Application Server Tl
N
'
Some functionality mightbe kept in the
- Lserver”. It might be compute intensive or
Pl Product Database requires access to a significantamount of
The clientis allowed direct data like a search function.
access to a subset of our Such functionality is provided as FaaS
database. The database is fully functions that often respond to HTTP
Relational Database 3rd party hosted. requests.
PROF.DR.
Quelle: Kratzke, N. A Brief History of Cloud Application Architectures. Appl. Sci. 2018, 8, 1368. NANEKRATZKE
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TECHNISCHE
ZUSAMMENFASSUNG s
und Ausblick auf die Module Cloud-native Programmierung und Cloud-native Architekturen

unit 04 und ce unit os
(w.a. Container und Faas) (w.a. Kubernetes)

Minimierung von
Deployment

Orchestrierungs-

Units plattformen

unit o7

Polyglott (w.a. Reactive
Programming Programming,
RxPython; Networking
Languages, Ballerina)

unit oz
(w.a. laas
Provisioning)

Infrastructure as

Code

PR Modul
CIOUd ‘ renite u.ren Cloud-native
DevOps (24x7) . Cloud-nativer .
Computlng  — Systeme /(chtj’/emm/b
(Sose,
unit o2

(w.a. Deployment Pipelines) PROF.DR.
NANEKRATZKE
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Introduction
Essential Cloud Computing Properties
Essential Cloud Application Properties

Christoph Fehling - Frank Leymann
Ralph Retter - Walter Schupeck Cloud Computing Fundamentals
Peter Arbitter Overview of Fundamental Cloud Computing Patterns

" Application Workloads
ClOUd Compunng CIF:)FLd Service Models
Patterns

Cloud Depoyment Models

Fundamentals to Design, Build, Cloud Offering Patterns

and Manage Cloud Applications . Overview of Cloud Offering Patterns
Impact of Cloud Computing Poperties on Offering
Behavior

Cloud Environments
Processing Offerings
Storgae Offerings
Communication Offerings
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ZUM NACHLESEN

Paper

Armbrust et al.; Above The Clouds — A Berkley View
on Cloud Computing (2009)
https://www2.eecs.berkeley.edu/Pubs/TechRpts/200
9/EECS-2009-28.pdf

Mell, Grance; NIST Definition of Cloud Computing
(2011)
https://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspec
ialpublication800-145.pdf

Weinman; Mathematical Proof of the Inevitability
of Cloud Computing (2011)
http://www.joeweinman.com/resources/joe_weinma
n_inevitability_of_cloud.pdf

Kratzke, Quint; Understanding cloud-native
applications after 10 years of cloud computing - A
systematic mapping study (2017)
https://doi.org/10.1016/j.jss.2017.01.001

Kratzke; A Brief History of Cloud Application
Architectures (2018)
https://www.mdpi.com/2076-3417/8/8/1368
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TOOL-CHAIN

Dieses Moduls

Unit o1:

Python
Jupyterlab (THL Managed Service)

Unit o2:

Gitlab Cl (.gitlab-ci.yml, THL Managed
Service)

Unit o3:

VirtualBox
Vagrant
Google Cloud Platform (Managed Service)

Terraform

Unit og4:

* Docker

Unit os:
*  Kubernetes

* Google Kubernetes Engine (Managed Service)

Unit 06:
¢ Kubeless

* Google Cloud Functions (Managed Service)

Unit o7:
* RxPython (Reactive Programming)

* Ballerina (Network Programming)
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Fast alle
Programwmierbeispiele
basieren in diesem
Modul auf Python.

Ste mitssen aber Reln
Python-Experte sein,
wm diesen folgen zu
Ronmnen.

Komplexe Tool-Chain
(typisch fitr CNA).

n den Praktika
erhalten Ste die
entsprechenden
Quellen, wie diese zu
installieren sind.

PROF.DR.
NANEKRATZKE

48




KONTAKT

Disclaimer

Nane Kratzke 0O +49451300-5549
X nane.kratzke@th-luebeck.de

Qo kratzke.mylab.th-luebeck.de
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