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[eplexoueva

* Auo uEpnN:
— Kevtplkomolnpevo cuotnua
* [TPOYPOUUOTLOMOC KOl OXESLOLOUOC KEVTIPLKOU
gtuntinpetn / LotooeAidac (web server / site)
— Katavepnuevo cuotnuo

* [TwC TO MEPLEXOUEVO SLOVELETOL LE OVOXN O opAaApaTa
kot upnAn amodoon oe XPNOTEC YeEwypadLKA
KOTOVEUNMEVOUC
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2TATLOTIKA Xpnong OSM

* 9.5 ek. ypnotec (10/2022)

e 7.9 61c. KopBor (10/2022)

o 4 ek. aAayec / nuepa (Q4-2021)

* 1.5 eKk. cuvelopEpovtec xpnoteg (Q4-2021)

Active Contributors per Year OpenStreetMap Registered Users
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OSM server architecture

Mapping parties
(the fun stuff)

GPX traces, I
photos & notes

WMS bing
services imagery

[Go Map! | |Vespucci |

Geodata |

OSM "Standard"
tile server Mapnik +
mod_tile

Transport HOT
Renderer || Renderer raster

API
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[eplexoueva

1. Eloaywyn
— Kpudéec pvnpuec otov loto (web caching)
— MAeovaopog mepLlexopevou otov loto (web
replication).
2. MNpwtokoA\a epoppoywyv otov 1oTo
— URLs, DNS (TCP/IP)
— HTTP kot utootnpLEn KpUudwvV PvnUwWvV



[eplexoueva

3. Kpudec Mvnpuec otov loto (web caching)

AvTumpoowToL (proxies) Le KPUPEC LVNEG

Emumtwoelg og xpovoug npoofaocnc, eVpocg {wvng
SLKTUOU, KATT

AVATITUEN OVTUTPOCWTIWVY OTOV 10TO
2UVEPYATIKOTNTA OVTLITPOCWTTWV

YJUVETIELQ KPUP WV HVNUWV KOl TTOALTLIKEG
QVTLKOTAOTOONC TIEPLEXOUEVOU

Mpoavaktnon (prefetching)



[eplexoueva

4. MAeovaopocg eplexoplevou otov loto (web
replication)
— Katavoun attnoswy

— Aiktuva dtavoung neptexopevou (Content delivery
networks)

— Emdoyn e€umnpetn / aviutpoownou
e MeTpLKEC
AAyoplBuot



Elcaywyn

* E¢umnpetec kot teAatec (Web servers, web
clients)

— HTTP: yAwooa emikowvwviog petoéy
neAatwv/eEunnpeTnTtwy

* Web objects

— Web site (lototomnoc): cUVOAO AVTIKELUEVWV

— URLSs: Tot ovopaTa TWV OVTLKELULEVWVY

— URLs: meplExouv TO OVOUO TOU €EUTTNPETN

— Content providers — mapoyeilc mepLexopueEVou
* |ototomoc # etumtnpeTng !!!

10/18/22
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Elcaywyn

Mua artAn opXLTEKTOVLKA Yo Tov |oTO:

AladLKTUO

10/18/22 11
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Elcaywyn

* To nmpoPAnua: KAwpnakwon (web scalability)
= KaAn anddoon Kat afloniotia pe
* TIEPLOPLOMEVO €UPOC {WVNC Tou SLKTUOU Kot
* [eploplopeveg SuVATOTNTEG TOU EEUTINPETN
* M AUon: XpAua (“throw money at the problem”)
— ISPs avéavouv ywpntikotnta SIKTUOU
— MoAAoL €€UTINPETEC EXOUV AUVENUEVN XWPNTLKOTNTO
— AAN\Q: TtoTE OevV EMapPKOUV

* Negg epappoyEC
e MeyaAUtepn KALLOKA ...



OSM traffic

Inbound network traffic - from Wed Oct 2 12:28:00 2019 to Thu Oct 10 12:28:00 2019
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Outbound network traffic - from Wed Oct 2 12:37:42 2019 to Thu Oct 10 12:37:42 2019
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100Mbps!!!
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https://munin.openstreetmap.org/openstreetmap.org/tile.openstreetmap.org/network_in.html

“with 25 years of internet experience, we have
learned exactly one way to deal with
exponential growth:”

CACHING

Van Jacobson (1995). How to Kill the Internet, presented at SIGCOMM 95
101822 Middleware Workshop Cambridge, MA, 28 August 1995 15



Still caching

2013- caching in your home

RESEARCH-ARTICLE ¥ino f

Community contribution award -- Measuring and mitigating web
performance bottlenecks in broadband access networks

Authors: Srikanth Sundaresan, Nick Feamster, Q Renata Teixeira, Nazanin Magharei Authors Info & Claims

IMC '13: Proceedings of the 2013 conference on Internet measurement conference « October 2013 « Pages 213-
226 « https://doi.org/10.1145/2504730.2504741

Online: 23 October 2013 Publication History

I ABSTRACT

We measure Web performance bottlenecks in home broadband access networks and evaluate
ways to mitigate these bottlenecks with caching within home networks. We first measure Web
performance bottlenecks to nine popular Web sites from more than 5,000 broadband access
networks and demonstrate that when the downstream throughput of the access link exceeds
about 16 Mbits/s, latency is the main bottleneck for Web page load time. Next, we use a router-
based Web measurement tool, Mirage, to deconstruct Web page load time into its constituent
components (DNS lookup, TCP connection setup, object download) and show that simple latency
optimizations can yield significant improvements in overall page load times. We then present a
case for placing a cache in the home network and deploy three common optimizations: DNS
caching, TCP connection caching, and content caching. We show that caching only DNS and TCP
connections yields significant improvements in page load time, even when the user's browser is
already performing similar independent optimizations. Finally, we use traces from real homes to
demonstrate how prefetching DNS and TCP connections for popular sites in a home-router cache

can achieve faster page load times.

10/18/22

2021- caching everywhere

Enabling Service Cache in Edge Clouds

Authors: Chih-Kai Huang, Shan-Hsiang Shen Authors Info & Claims

ACM Transactions on Internet of Things, Volume 2, Issue 3 « August 2021 « Article No.: 18, pp 1-
24 « https://doi.org/10.1145/3456564

Online: 08 July 2021 Publication History

990 129 'y LI © View all Formats

I Abstract

The next-generation 5G cellular networks are designed to support the internet of things (loT)
networks; network components and services are virtualized and run either in virtual machines
(VMs) or containers. Moreover, edge clouds (which are closer to end users) are leveraged to reduce
end-to-end latency especially for some loT applications, which require short response time.
However, the computational resources are limited in edge clouds. To minimize overall service
latency, it is crucial to determine carefully which services should be provided in edge clouds and
serve more mobile or 0T devices locally. In this article, we propose a novel service cache
framework called S-Cache, which automatically caches popular services in edge clouds. In addition,
we design a new cache replacement policy to maximize the cache hit rates. Our evaluations use
real log files from Google to form two datasets to evaluate the performance. The proposed cache
replacement policy is compared with other policies such as greedy-dual-size-frequency (GDSF) and
least-frequently-used (LFU). The experimental results show that the cache hit rates are improved
by 39% on average, and the average latency of our cache replacement policy decreases 41% and
38% on average in these two datasets. This indicates that our approach is superior to other
existing cache policies and is more suitable in multi-access edge computing environments. In the
implementation, S-Cache relies on OpenStack to clone services to edge clouds and direct the
network traffic. We also evaluate the cost of cloning the service to an edge cloud. The cloning cost
of various real applications is studied by experiments under the presented framework and

different environments.
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Eloaywyn:
Baowka yLa KpUPEC HVNUEC oToV 10TO

e [eyovoc: Meplnynteg amoOnkevouV oToV TOTKO HloKo
NPOOoPATEC LOTOOEALOEC avTOpaTAL.

Opoloyia:

* Avimpoowrog kpuPpnc uvnung (web caching proxy)
— Mpoodepel pa dtapotpalopevn kpudn pvnun o€ ToAAoUC
TEPLNYNTEC.

— MoapepParAetal petal tou e€unnpetn ninyng (web origin
server) Kol Tou TepLNynTn.

— Exel SuTAO poOAo:
e medatn: mpowbel attnoelg ov dev punopouv va anavtnbouv amno
TNV KpUGN UVAKN oTNV TINyN,
e EEUTNPETN: LKAVOTIOLEL QLTI OELG TTIEPLNYNTWYV XPNOLUOTIOLWVTOC TNV
Kpudn Hvrnun tou.
* Cache hit / miss (emtuyia / amotuyia).

10/18/22 17



Eloaywyn:
Baowka yLa KpUPEC HVNUEC oToV 10TO

Etoupiko Aiktuo

4 )

AladiLKTUO

\_ J

AVTUITPOOWIOC

Elval emtionc duvatov va oxnUatlotouV ‘aAucildec aviutpoownwy’.

10/18/22 18



Etaupiko AlKTuo
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Etaipko Alktuo

Eloaywyn:
Baowka yLa KpUPEC HVNUEC oToV 10TO

\ISP

AVTUTPOOWITOC

J

AlabLKTUO

19



TuTtitk Aomoilnon

Apache

Apache Traffic Server
Nginx

Squid

1S

2XETIKA «POnvOo» hardware



Eloaywyn:
Baowka yLa KpUPEC MVAUEC oTOV 10TO

QdEAN yLa:

— XpNoTeg

— ISPs

— Eéunnpétec / mapoxelc mePLEXOUEVOU

— Awadiktuo
XpNoTec:

— MBava, 1o ypnyopn aviomoKkpLon O ALTAOELG

* |SPs

— Alyotepn kivnon €KTo¢ SIKTUOU TOUG, ULKPOTEPEC ATIALLITACELG YLOL EVPOC

{wvng amo aAAouc ISPs =» e€olkovopunon XpnUATwv.

E€umtnpéEtec / mopoyelc meplexopevou

— Muwpotepocg dOPTOC epyacioc oTouc EEUMNPETEC
Atadiktuo

— Ayotepn kivnon ouvoAlka oto dladiktuo.



Eloaywyn:
Baowka yLa KpUPEC MVAUEC oTOV 10TO

MrtopouVv oL aVTUTPOoWToL LE KpUPEC nvnpeg (web caching
proxies) va AUoouv to mpoBAnua (web scalability);

Oxt povol touc!

[MApo)OL TLEPLEXOLLEVOU: XAVOUV TOV EAEYXO

— copyrights,...

— ‘dpeokdda’ meplexopévou (ahydpBuoL GuvEmELaC oo TIOLOV;...)
YTOTLOTLKEC KaTtaypadnc emokePLpuotnTac oeAldbwv =2 xpnpo
(bLadpnuioelg, kKAT)

Meplexopevo

— Ttou dnuoupyeitatl SuvauLka

— Elval mpoowromnoLnpeEVo
Ev TEAEL, OAO KAl KATIOLEC QUTAOELC KatapTAVOoUV oTnV tnyn !

=> AOLTE(TOL TTAEOVAOMOC TIEPLEXOUEVOU TWV TINYWV (avtiypada) —
web replication.



Elcaywyn:
Avtiypada otov loto

e Aev eival anodektn OpwWES WC Avon yLa YItNPeoieg
dLhoéeviac otov loto (web hosting).

— @\o&evouvtal eKavTovtadeg 1 XMAOEC AP OXELS
TIEPLEXOUEVOU, EKATOUHUPLA OEALOEC, XIAAOEC e€UTINPETEC-
TNYEC...

— TepadoTtia omatdAn amno tnv UNEP-OECEVON TTOPWV.

* EtoLmpoekuPe n Avon ‘Gtadavnc, Suvautkn aviypadpn’
(transparent dynamic replication).

— Avtiypadoa dnuiovpyouvtol kat Staypadadovtal /Kot
LLETOKLVOUVTAL SUVOULKA KoL QUTOMOTOL

— H anodoaon AapBavetol pe Baon oTATIOTIKA OTOLXEL
SnuodAlag KATT yla avTlKeLpeVa, 0EALOEC, TOTIOUG, KA.

— AnA. KBpEMTEC UTMOPEL VoL TTEPLEXOUV £lTE OAOKANPO TOTIO, £lTE
LEPOC TOU =2 «UEPLKOC KAOPEMTNCY.



Elcaywyn:
Avtiypada otov loto

* Mapadeypa
— YOI phofevel 2 eTalpeiec mapoxnC MEPLEXOUEVOU
 Mua yta To XA: amalttel Katd LECO 0pOo 2 eEUTINPETEC UE

100Mbps kaBevac kot kata peytotn xpnon (petaév 12-5up)
4 etumtnpetec pe 100Mbps kaBevac.

e Mua yLat BLVTEOTOLVIEG: ATIALTEL KATA LEGO OPO 2 €EUTINPETEC
e 100Mbps kaBevac kat kata peylotn xpnon (Hetoév 8up-
11pup) 4 e€untnpetec pe 100Mbps kabevac.
— Me «dladavn duvapikn avtlypodn» cuvoAlka 4
£EUTINPETEC APKOUV.
— Mg «OTaTLIKO KOBPEMTIOMO», amoavTouvtol 8
eEUTINPETEC.



Elcaywyn: Avtiypada otov oTo

* Aladavnc duvapulkn aviypodn He OeToUC
eéuninpEtec (surrogate servers).

€106 E€unnpétng
\
|—

AladLKTUO g
ETAIPIKO

> -
AIKTYO
\_ 1/
\GEI()C E€uninpEtng /
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Etcaywyn: Avtiypada otov |oTo

* OLBetol e€umnpetec Aeyovtal Kat avaoctpodol
OLVTLITPOCWTOL (reverse proxies)
e O Betoc e€umnpETNC
— |KaVOTIOLEL TNV altnon amo tnv Kpudn Tou KvAEN, oV
LLTLOPEL,
— AANWC
* powBel TNV aitnon otnv nnyn
e AopBavel To avilkeipevo

* To amoBnkeveL otnV KpUdN Tou PvAUN (via LeAAOVTLKA xprion) Ko
* To eMLOTPEPEL OTOV TTEAATN.

* [lpooette: 0 BeTOC AeLTOUpPYEL AV LEPLKOC KALOPETITNC
LE SUVALKA METABAAAOUEVO TIEPLEXOUEVO.



Etcaywyn: Avtiypada otov |oTo

Juxva, evac Betoc e€umnpetnc dStapotpaletal
avapeoa o€ TOAAOUC LOTOTOMOUC, £TOL
XpnoLpornoLeLtal oo MoAAOUC TAPOXOUC TIEPLEXOUEVOU
— BAEME eEMOpEVO oYU,

Evoc Stapolpalopevoc BeToc s€unnpetng amodbnkeveL
oTNV Kpudn TOU LVAUN OVTLKELLEVO OTTO OAOUC TOUC
LOTOTOTIOUC.

2e amotuyia (miss) EMKOWVWVEL LE TNV KATAAANAN
nnyn-€€UTINPETN yLa TOV LOTOTOTIO.

Ta Aiktua Atavopunc Meplexopevou (content delivery
networks — CDNs) BaociCovtal o€ dtopolpalOEVOUC
Betolc e€umnpeETec.



Etcaywyn: Avtiypada otov |oTo

Oeto¢ E€uninpétng 2
)

AladSLKTUO

Oseto¢ E€unnpétng 1

10/18/22 28



Etcaywyn: Avtiypada otov |oTo

Ta CDNs amtoteAoUv NON LA EMLTUXNMEVN
Bropnxavia pe TToAANEC LEYAAEC ETALPELEC
(Akamai, Digital Ocean, ...)

Baowka, mwAouv umtnpeciec Betwv
eEUTINPETWYV OE TIOPOYELC TIEPLEXOUEVOU.
To KAELOL TNC ETUTUXLOC TOUC EYKELTOL OTNV

ovantuén Oetwv s€untnpETwyv o€ onUeia
KAELOLA TOU AladLKTUOU.



OSM tile CDN

Ran by FASTLY since 2021
https://wiki.openstreetmap.org/wiki/Servers/Tile _Rendering
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Arctic Ocean
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Edge Caches

Amazon CloudFront
https://aws.amazon.com/
cloudfront/details/

Facebook FNA nodes
https://anuragbhatia.com/2018/03/

networking/isp-column/mapping-
facebooks-fna-cdn-nodes-across-
the-world/ 32



https://aws.amazon.com/cloudfront/details/
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https://bytebytego.com/courses/system-design-interview/scale-from-zero-to-millions-of-users?fpr=javarevisited
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/User \ »
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Web browser Mobile app IP address
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- . e e e e e P T T T e e e

read/write/update

' return data
4
Web server !
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2000

User - www.mysite.com
Web browser Mobile app IP address
www.mysite.com api.mysite.com
Load balancer
:
. Web tier
I
]
\I
Replicate '
> : :
. Data tier
I
]

Slave DB
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Replicate
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: Web tier
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Slave DB

@ Cache

Data tier
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DC1

-designinterview/scale-from-zero-to-

apye 7 . . .
millions-of-users?fpr=javarevisited

2010

User
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\

Mobile app
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Load balancer

US-West

Web servers

~ ’

NoSQL
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https://bytebytego.com/courses/system

2020
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N Web browser Mobile app
www.mysite.com api.mysite.com

Load balancer

(D) Message Queue
Web servers

K
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g

S -

Caches

-design-interview/scale-from-zero-to-
millions-of-users?fpr=javarevisited

[ Logging ][ Metrics ]

[ Monitoring ] [Automation]

) Tools

CDN

NoSQL
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Etcaywyn: Avtiypada otov |oTo

Ta wdeAn amo tnv avilypadr LOTOTOMWYV Eval avTioToa AUTWV
Ao TG KPUPEC LVALLEC TWV OVTLITPOCWTIWV.
QdEAN yLa:
— XpNoTeg
— Eéunnpétec / mapoyelc mePLEXOUEVOU
— Aladiktuo
XpNoTec:

— MBava, 1o yprnyopn aviamoKkpLon O ALTACELG Ao YELTVIA{OVTEC
BetoUC e€unMNpPETEC

E€umtnpéEtec / mAapoyoL EPLEXOLLEVOU
— MukpOoTteEPOC HOPTOC EPYAOLOC OTOUC EEUTINPETEC-TINYES
Awadiktuo

— Awyotepn kivnon ouvoAlka oto dtadiktuo, € attiog tng yertviaong
Betwv eCuntnpetwyv pe edateg (localized traffic).



Etcaywyn: Avtiypada otov |oTo

* H avtypadn Lototonwv opwc dev eival
TTOVOKELQL.
— Eivat akptpn kat dev propouv 0AoL oL tapoyol
MEPLEXOUEVOU va eTtwPpeAnBouv
— Emionc, ot avdorpocbOL avrmpécwnm evoc CDN, oco
KOAQL ronoeem LEVOL KalL av eival, bev unopouv va
BpLGKOVTOLL TO00 KOVTQA OTOUC ns)\areq, 000 ol
QVTLTPOoWToL pLog ISP.
o =» Kal Ol 2 TEXVOAOYLEC ElvOlL CUMUTTANPWMOTIKEC
KOlL artalLtouvTol yLa tTnv enilvon tou
nipoBAnpatoc tng KALLAKwon¢ otov loTo.



Elcaywyn: Avtiypada kat Kpudpec Mvnpec otov
loTo

* OQgpellwodelc SLadopec:
— Me kpudEC pvnueC (avTutpoowTol)
e OLTEAATEC £XOUV TOV EAEY)O
e BeATlwveTtal N mPoOcBaon CUYKEKPLUEVWY TIEAATWY OE
oroLadnmnote ceAida
— Me avtiypada (avaotpodol avimpoownol)
* OLTIAPOYOL EXOUV TOV EAEYYO

* BeAtwwvetal N mpocBaon o€ CUYKEKPLUEVEC OEALOEC
QO OTOLOVOONTIOTE TIEAATEG.



