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«Mpaociva» Kevrpa Aedopsvwy

OPIZMO2

* Keévrpa Aedouévwy 1a OTTOI0 TPOPODOTOUVTAI OAIKWG ] LEPIKWG OTTO AVAVEWOCIUES
TTNYEG EVEPYEIQG

2TOXOx

* Meiwon AsitoupyikoU kOaTOUC TWV KEVTPpWY Agdopévwy (Aoyapliaouog nA.
Evépyelag)

* Meiwon Tou evepyEIOKOU ATTOTUTTWHATOG AOYW KAUONG OPUKTWY KAUTILWY YId
TTApAywyn EVEPYEIAG

NMPOKAHZEIZ

e 'ECUTTVN TTPOCAPUOYI OTIC DIOKUUAVOEIC TTAPAYWYNGS KAl KATAVAAWONG EVEPYEIAC

i I r i 1 4 l ' d I 4 i



s EYPONAB ENGIH

EAAGSa-KuTttpog
Evpwnalixé Tapelo Neprpeperaxig Avantulng )
o s

* Y[BpIOIKO poVvTEANO evEPYEIQC P/3 Kal IKTUO

« EkTevEC BiKTUO CICONTAPWYV
* [lapaywyng Kal KatavaAwong eVEPYEIAS
* YTTOAOYIOTIKQ QOpPTia
» [lepiBaArovTika dedopéva
* QOpen APIs

e 200TNua TTOPAKOAOUONONG Kal GUAAOYNG LETPIKWV

* AvaAucon oedouevwy — “Follow-the-sun” computation workloads
« Etoualodotnuévn rpooacnc oto ENEAH API
* [lapouciaon dedopEvwyY o€ 000OVEC OTITIKOTTOINONG
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To 'E€¢utrvo 2uoTtnua Alaxeipiong ®opriou, gival uttelBUVO yia TNV €TTiTEVUEN OUO
KUPIWG EPYQCIWV:

21 ZUAAoyn, AvaAuon kal ATTOBrKeuon LETPIKWY OXETIKEG UE TNV KATAVAAWGON
evepyelag Twv Kevrpwy Agdopevwy oe Akadnuaikwy Kripia
Tpopodotoupueva atrd ta O/B.

2 YTtrooTtiipicn Anwng AtTo@acewy yia Tnv €1mAoyr Tou katdAAnAou KA 1o
OTTOI0 Ba ECUTTNPETEI TIC UTTOAOYIOTIKEC AVAYKEC TWV EQAPUOYWV TWV
XPNOTWV.
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Data Logger yia GUAAOYI)

v\ N v\ METPIKWV pe HTTP module
EguTinpeTnTEG yia SIaSIKTUOKHA
OPYOVWUEVOI O€ racks PV PV PV :
i i Data | HITP Data | HTTP Data | ATTP O-BGOT] .
Logger | Module Logger | Module Logger | Module

" Climate ;. OAa 10 racks
« Monitor — 1= I
......... = Tpo@odoTouVTal
— | ;s 7
1 ‘ — o Smart PDU aTTo £CUTTVA
o= I B88E0 0o PDUs
Server Server BEEE 0o
A e : > ’ ~r = : g‘* y wvv.\f’ ; —— AC
10ONTAPEG YIA EVEPYEIAKES X \
Kal TTEPIBAAAOVTIKES ol =
UETPIKEG INTERNET

Power Cable
s Network Cable

Data Cable
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APXITEKTOVIKN ZUCTANOTOG

11 2Xed1aoTnKe akoAouBwvTacg TO
OPXITEKTOVIKO TTAPAOEIYUA TWV
HIKPOUTTNPECIWV.

0 Exer xwploTei o€ Tpia Kupiwg
ETTITTEQQ
n. ETTiTredo Quoiknic YTTodouAC
(Infrastructure Layer)

5. ETritredo MNMAat@opuac (Platform
Layer)

c.  Emitredo I'pagiknc AleTrang
Xpnotwv (GUI Layer)
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Docker Container Engine
]
Monitoring
Agent ENEDI Agent [ Operating System J
f I
Operating System (Ubuntu, CoreOS, Debian, Alpine)
. J
4 )
Bare Metal (CPU, RAM, Disk, Network Interface, Fans, Server Sensors)
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AloOnTNPEG

MNMpaypaTikoi AiocOnNTRPEG:
« ®/B - Inverter Fronius

* MertpikEg MNapaywyng, MetewpoAoyika Aedouéva [ REST API
* SmartPDU Vertiv MPHM1242

* MeTtpikéc kaTavalwaong eveépyelag eviog K.A [T SNMP or REST
e 2UAAEKTEC METPIKWV XapnAoU KOOTOUG

* Arduino, Raspberry Pi [I AITTAWUATIKA QOITATH EpyacTnpiou 2. lwavvou

Wnolakoi AioOnThnpEg:

e 2UAAOYN LETPIKWYV ETTIOOONC ATTO TOUG ECUTTNPETNTEG.
« N/Z Eikovikwv Mnxavwyv
« N/Z ECuttnpetnTn

. Diikir iiniiiniri
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v
O — ATTO TTOU TTPOEPXOVTAI Ol LETPIKEG?
PV
Sensor Communication Protocol Units Physical Collector Virtual Collector
DC Intensity HTTP A Sensor, Datalogger PV Collector -> Prometheus
DCVoltage HTTP Vv Sensor, Datalogger PV Collector -> Prometheus
Module Temperature HTTP oC Sensor, Datalogger PV Collector -> Prometheus
Ambient Temp. HTTP oC Sensor, Datalogger PV Collector -> Prometheus
Humidity HTTP % Sensor, Datalogger PV Collector -> Prometheus
Solar Irradiance 170 (Pyranometer) HTTP GPOA Sensor, Datalogger PV Collector -> Prometheus
Solar Irradiance 300 (Pyranometer) HTTP GPOA Sensor, Datalogger PV Collector -> Prometheus
Wind Speed HTTP km/h Sensor, Datalogger PV Collector -> Prometheus
Server Rooms / Datacenters
Sensor Communication Protocol Units Physical Collector Virtual Collector
Rack Temperature SNMP oC Climate Monitor DC Env. Collector -> Prometheus
Server Temperature SNMP oC Climate Monitor DC Env. Collector -> Prometheus
Smart PDU (Current and Voltage Consumption) HTTP, SNMP V, A PDU PDU Collector -> Prometheus
Room Humidity SNMP % Climate Monitor DC Env. Collector -> Prometheus
Light SNMP Climate Monitor DC Env. Collector -> Prometheus
Server Fan Speed IPMI ras/sec IPMI Server Sensors | DC Env. Collector -> Prometheus
Computational/Network/Storage Performance
Sensor Communication Protocol Units Physical Collector Virtual Collector
CPU Util HTTP % - Compute Collector -> Prometheus
Memory Util HTTP % - Compute Collector -> Prometheus
Network 1/O HTTP bytes in/bytes out - Compute Collector -> Prometheus
Disk 1/0 HTTP bytes in/bytes out - Compute Collector -> Prometheus
Netdata Exposed Metrics HTTP more than 5000 server performance metrics - Compute Collector -> Prometheus
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Wired or Gl:ouP
Wireless Monitoring
Connection Collector

Docker Container Engine

Sensor Group
Collecting Device

[ Operating System }

Metrics Exposed
through protocols
(e.g. HTTP, SNMP,

etc)
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* 2U0TNua TTapakoAouBnaong gival UTTEUBUVO YIA TO CUVEXN

ouvTOVIOUO TNC d1adIKATiag TTapakoAoubnong r Configie 1
« 2710 ENEAH yia 10 200Tnua NapakoAouBnong £xel TTIAEYEI L
TO oUOTNUA AVOIXTOU AOYIOUIKOU Prometheus Disseminate J

(https://prometheus.io/docs/introduction/overview/ )

€ > C {Y & https//prometheusio i
i Apps @ HowtocrackJe [} 138.197.98.254 MM ImportedFrom  [f] Home X RaspberryPian: @~ RaspberryPime W Opendata & Traefik-Themo: [ CompeTranslat

Open-source monitc



https://prometheus.io/docs/introduction/overview/
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APYXITEKTOVIKN Kol XOPOKTNPIOTIKA

« XpnoiuoTtroigi Aoyikn pull — O

“ o ” o A l Service discovery Prometheus
;e-rrg/)?oruépaBagl |J.£TpIK£§ G'ITO TOUQ Shcaj?;;ved i — | alerting l» pagercfufg '
push metri Alertmanager F 3 Email

* ATTOONKEUEI TIC LETPIKEC TTOU 0 ’ — N
p.dC&l'JEI TOT”K(’] Pushgateway l gPrometheusserver * =

« TpéxXel CUVAPTAOEIC CUCCWPEUCTC ( e
(aggregation functions) TTAvw OTa el || "o H }[ e ]
Sedopéva o = —

« Mopéxel YNOOA ETTEPWTHOEWY =il |

= Grafana Data

(PROMQL) R - ol -

Mepilopiopode: promethes

* [lepiopiopévog Xpovog
aTTO0NKEUONG

API clients
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Moviun atrofnkeuon 60edouEvwy

* O Prometheus atroBnkeuel dedopEva Xpovooelipwy 0To diOKO
e MEyioTog XpoOvocg atrobrikeuong ~ 15 HEPEC

e To TPOLRANUa auTo utTopEi va cetrepaoTei — MMapExel DIETTAPEC UAOTTOINONC
OTIC OTTOIEC UTTOPOUV VA EVWOOUV ATTOUOKPUOUEVEC BA.
e 2710 ENEAH YXpnoiupotroiouue uAotroinon pe tnV InfluxDB
(https://www.influxdata.com!/ )

write samples custom protocol

O Prometheus Adapter
e —

) influxdb

request: matchers + time ranges
receive: series + samples



https://www.influxdata.com/
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« Xpnon tou Prometheus o€ Hierarchical Federation Mode

* 2¢€ KAO¢g datacenter location Ba yivetal deployed evag Prometheus yia Tn guAAoyn
UETPIKWY ATTO AUTO TO location

* 'Evag master Prometheus 8a OUAAEYEI TIC CUANEYOUEVEC LETPIKEC ATTO KABE local
Prometheus CEXwPIOTA

O Prometheus

A
——_—— — aggregated per location - — — —
metrics
I . I
O Prometheus O Prometheus O Prometheus
aggregated prometheus aggregated prometheus aggregated prometheus
on location 1 on location 2 on location n
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EnediMetric

- metricld : long

- metricName : string

- metricValue : string

- metricDimension * strinn

~ getMetricld(): long

~ setMetricld(in value: long)

~ getMetricName(): string

~ setMetricName(in value: string)
~ getMetricValue(): string

~ setMetricValue(in value: string)
~ getMetricDimension(): string

~ setMetricDimension(in value: stri...

00

— <metric_name, metric_value, timestamp>

netdata_info{instance="68b93d9d11e8",application="netdata",version="v1.14.0-84-996e74619"} 1 1558547587387

cyprus_ nicosia ucy dcl ncl4 cgroup throttle serviced ops total{chart="cgroup 68b93d9d11e8.throttle serviced ops",family="disk",dimension="read"} 44
1558547586950

cyprus__nicosia ucy dcl ncl4_cgroup_ throttle serviced ops total{chart="cgroup 68b93d9d11e8.throttle serviced ops",family="disk",dimension="write"} ©
1558547586950

cyprus_ nicosia ucy dcl ncl4_cgroup throttle io total{chart="cgroup 68b93d9d11e8.throttle io", family="disk",dimension="read"} 180224 1558547586950
cyprus_ nicosia ucy dcl_ ncl4 cgroup throttle io total{chart="cgroup 68b93d9d1l1le8.throttle io",family="disk",dimension="write"} @ 1558547586950
cyprus_ nicosia ucy dcl ncl4 ipv4 tcperrors_total{chart="ipv4.tcperrors",family="tcp",dimension="InErrs"} © 1558547586947

cyprus_ nicosia ucy dcl ncl4_ipv4 tcperrors_total{chart="ipv4.tcperrors",family="tcp",dimension="InCsumErrors"} © 1558547586947

cyprus_ nicosia ucy dcl ncl4 ipv4 tcperrors_total{chart="ipv4.tcperrors”,family="tcp",dimension="RetransSegs"} 113 1558547586947

cyprus_ nicosia ucy dcl ncl4 ip tcpreorders_total{chart="ip.tcpreorders",family="tcp",dimension="timestamp"} 25 1558547586947
cyprus__nicosia ucy dcl ncl4 ip tcpreorders total{chart="ip.tcpreorders",family="tcp",dimension="sack"} 0 1558547586947

cyprus_ nicosia ucy dcl ncl4 ip tcpreorders_total{chart="ip.tcpreorders",family="tcp",dimension="fack"} 0 1558547586947

cyprus_ nicosia ucy dcl ncl4 ip tcpreorders_total{chart="ip.tcpreorders”,family="tcp",dimension="reno"} 0@ 1558547586947

cyprus_ nicosia ucy dcl_ncl4 cgroup cpu_limit{chart="cgroup 68b93d9d11e8.cpu_limit",family="cpu",dimension="used"} 0 1558547586950

cyprus_ nicosia ucy dcl ncl4 cgroup mem usage limit{chart="cgroup 68b93d9d1le8.mem usage limit", family="mem",dimension="available"} 25059446784 15585475869
cyprus_ _nicosia ucy dcl ncl4_cgroup mem usage limit{chart="cgroup 68b93d9d1le8.mem usage limit",family="mem",dimension="used"} 92528640 1558547586950
cyprus_ nicosia ucy dcl ncl4 cgroup mem usage{chart="cgroup 68b93d9d11le8.mem usage",family="mem",dimension="ram"} 92528640 1558547586950

cyprus_ nicosia ucy dcl ncl4 cgroup mem usage{chart="cgroup 68b93d9d11le8.mem usage",family="mem",dimension="swap"} 0 1558547586950

cyprus_ nicosia ucy dcl ncl4 cgroup pgfaults total{chart="cgroup 68b93d9d11e8.pgfaults”,family="mem",dimension="pgfault"} 1266512 1558547586950
cyprus_ nicosia ucy dcl ncl4 cgroup pgfaults total{chart="cgroup 68b93d9d11e8.pgfaults", family="mem",dimension="swap"} 20 1558547586950
cyprus__nicosia_ucy dcl_ncl4_cgroup mem activity total{chart="cgroup 68b93d9d1le8.mem activity"”, family="mem",dimension="in"} 1206108 1558547586950
cyprus_ nicosia ucy dcl ncl4 cgroup mem activity total{chart="cgroup 68b93d9d1le8.mem activity", family="mem",dimension="out"} 1186509 1558547586950

cunrue  nirncia nev del neld ecarnnn writshack{rhart="rarnin ARhA2AAAT11aR writehark” familu="mem" dimencinn="dirtu"} A 155RK5475RAA5A

Metric Name is indexed with the following convention:

country_city _place _type__deviceName_metric
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« ‘Evracn K.A. oto ENEAH; autopatotroinuévn diadikaoia ENEDIFICATION
 EAa@pIda containerized epappoyr) 0TO TTAPACTKNVIO.

1.
2.

o~ W

Data Center Master

Bpecg Tnv public kai private IP TOU pnXavAuaTOg
‘EAeyEe av To netdata €ival EyKATEOTNUEVO

d. Avdev civai Eekiva Tn dladikaoia eyKaTtdaTaong Tou

b. Aveival OUVEXIOE OTO Bripa 3

Eykatéotnoe 1o Consul o€ server mode (yia TOTTIKO Service

Discoverability)

EykatéoTnoe Tov Prometheus pe persistent Influx DB

I"pdwe 10 netdata oTo Consul

Faddinie A lacal Canmeciil c+A ~lalkhal Canmeciil Ix71y yv1ev7iivAA CAve 7 ~A

1.
2.

o >~ »

Data Center Server

Bpeg TNV public Kai private IP TOU pNXavuaTog
‘EAeyCe av To netdata €ival eykaTeoTNUEVO

d. Avdev civail Eekiva Tn diadikagia eykatdoTaong Tou

b. Aveival OUVEXIOE OTO Brjua 3

EykatéoTnoe 1o Consul o€ agent mode (yIa TOTTIKO Service

Discoverability)

EykatéoTnoe Tov Prometheus pe persistent Influx DB

['pawe 1O netdata 010 Consul agent

| el R Y - D T T T D Y. Y
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» docker-compose up -d O0TO PAKEAO TOU datacenter-agent

enedidotacenter- € enedi-datacenter-agents @rrivate @ Add license
agents
Project ID: 7743088
DU 0| astr || 0| ¥rork | ssHe | gitegitlab.comenedisen | @ 4+« & clobal~
Details
Activity Files (3.1M8)  Commits(6) Branch (1) Tags (o)
Cycle Analytics AddReadme | | Add Changel dd Setup CljcD
Services 1ol D
service:name taginame status:critical search-term O ssues o © = :"“:"“""‘ = i *
i bR T 7)) Marge Requestc S @ s Learn more i the Auto DevOps documentation
i - E # ajo Enable insettings
consu
G Operations
- ©: ) master . enedidatacenteragents | + v Hstoy Q Findfle WebDE G -
2 Registry
ncto 92 uCatascopia server s, Performance updated to enedi server agent code17ze @
Brometheus Thanasis Tryfonos authored 1 week ago
ne11 92 uCatascopia server
Name Last commit Lastupdate
ne1z o eatsscooi a0 = ides Performance updated to enediserver agent 1 weekago
ncta ©: e - agent asa mixture of 3months ago
ragent erformance updated to enedi server agent weekago
nez : e e federate (1/1 up) Y - serveragent » plated et P
B gtignore Inital commit 3 months ago
nes °: UCatascopia server Scrape
Endpoint State Labels Last Scrape Duration Error
L 2 catescopks] isenve) http://enedi.ucnet.uoc.gr:9090/federate uP 29.497s ago 729.5ms
e s R match[J="{job="netdata"}"
match[J="{_name_=~"job:.*"}"
netdata (12/12 up)
Scrape
Endpoint State Labels Last Scrape Duration Error
hitp://10.16.27.18:19999/api/v1/allmetrics up 10.766s ago 29.22ms
http://10.16.27.19:19999/apilv1/allmetrics upP 11.467s ago 25.97ms
http://10.16.27.20:19999/api/v1/allmetrics upP 7.622s ago 31.52ms
format="prometheus”
http://10.16.27.21:19999/apilv1/allmetrics up 207ms ago 29.82ms
hitp://10.16.27.23:19999/apilv1/allmetrics up instance="10.16.27.23:10999" 27.477s ago 53.24ms
http://10.16.27.24:19999/api/v1/allmetrics upP 48.512s ago 52ms
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» TpéExel o€ Kubernetes Cluster

® B & H Import YAML

Workloads  Load Balancing ~ Service Discovery  Volumes

_ S S B o o
(] State Name g Image Scale
Mavemornuio 13 EvowuaTwpevo -
v Namespace: enedi-infra H
Kunpou
> Aive control-center& confluentinc/cp-enterprise-control-center:5.3.1 ( ) B
. . £ J 2 1Pod / Created 6 days ago / Pod Restarts: O 1
Maveniornuio 5 EVowHaTwHEVO e
” ) esnode & docker.elastic co/elasticsearch/elasticsearch75.0 + 1 image
Kpn"'nc @ > [Active 31920/tcp 1Pod / Crested 2 days ago / Pod Restarts: 3
@ > (A s okt s e
‘Ovopa Tunog 2Konog @ > [acte] kafka-connect & e -y R
Unnpso-IGq e > e kibana & docker elastic.co/kibana/kibana:7.5.0
LAsHve] 31601/tcp 1Pod / Created 2 days ago / Pod Restarts: O
Prometheus Baon Aedopévwv | AnoBrikeuon PETPIKWV NMOU NpogpyovTal anod s » EEE ksql-server & contuenncrcplocbservrsyt
i N " 31088/tc 1 reate: lays ago estarts:
TNV QUOIKA KAl €IKOVIKA unodour Tou ENEAH =P
8 » [EE pg-admin & dpage/pgadmin4
31880/tcp 1Pod / Created 3 days ago / Pod Restarts: 0
InfluxDB Baon Asdopévwyv | Baon Asedopévwv Xpovooeipwy yia Hovi B > [Adie] postgres B PPoq/ Created 4 doys ago / Pod Restarts: 0
n H n H p pPwWV YIa HOVIUN
anoBnKeuon TWV UETPIKWV @ > [Acte] schema-registry & e T o
Postgres Bdaon Asdopevwv XpI’]O'I'|JOI'IOI€iTCII an(')' To ENEAH API yia 8> (= 200keeper B o oy A
anoBnkeuon kai avakrtnon 0edoNEVWY TNG
UnNodoung
Consul Service Discovery | KataAoyog eyypa@wv Twv diabeaiuwy oepBep
Kal CUGKEUWYV NOU OUPUETEXOUV 0To ENEAH
Netdata ZUAAEKTNG ZUAAOYR HETPIK®V anod TNV QUOIKN Kdl EIKOVIKNA
MEeTpIKWV unodopn Tou ENEAH
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* |oTooeAida épyou, https://enedi.eu/
« [MAaT@opua, http://platform.enedi.eu/

* [NlapadoTea
* [13.3.30 2Xed100UOC CUOTAUATOG £EUTTVNG DIAXEIPIONG POPTIWV KEVTPWY OEDOUEVWIV

« [13.3.3B YAotroinon kai Avagopd lNeipapatikic AgIToupyiag ouoTiHaToC £EUTTVNG
DIAXEIPIONG POPTIWV KEVTPWY OEDOUEVWIV

« [13.3.y Avagopd A&citoupyiag cuoTAUATOG ECUTTVNG DIOXEIPIONG POPTIWV KEVTPWV
OedouEVWV
* Tryfonos, A., Andreou, A., Loulloudes, N., Pallis, G., Dikaiakos, M. D.,
Chatzigeorgiou, N., & Georghiou, G. E. (2018, December). ENEDI: Energy Saving
in Datacenters. In 2018 IEEE Global Conference on Internet of Things
(GCloT) (pp. 1-5). IEEE.
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