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Expertni, mérici a metrologické Cinnosti

zkusenosti z tymu PROFiber Networking (CZ+SK):

- prakticky vyklad technickych norem, méreni, Skoleni a instruktaze méricich metod
« konzultace a priprava technickych predpisti pro vystavbu a servis sité

« audit a méreni prenosovych parametrl siti, jejich blok{ a soucastek

 zapljcky a dodavky mérici techniky, diagnostickych a monitorovacich systémd

- servis a kalibrace méfici techniky v akreditované kalibracni laboratofi

Metrologické a kalibracni zazemi laboratore PROFiber Networking s.r.o. akreditované dle

ISO/IEC 17025:2017 SNAS pod cislem 527/K-101 S,
/ P / e | @SNAS
‘///}';—:‘\“\\m‘:‘: Reg. No. xxx/x-Xxx

inspiraci v aplikacni sekci na webu www.profiber.eu
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Nastroje:

- Laptop + web browser + mérici server
(ookla apod.)

- Meérici terminal (dedikovany HW) +
merici server (ookla apod.)

- Mérici pristroj resp. merici souprava
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Diivody pro méreni:

Q Aktivace sluzby
O Kontrola

A Troubleshooting
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Vysledky méreni z 7. 3. 2023 13:02:42

Rychlost stahovani (Download) %2 32,4 Mb/s
Rychlost vkladani (Upload) % 30,8 Mb/s
A4 V' 4
1) Nettest.cz (CTU) Zpozdéni (Ping) % 372ms

Rychlost stahovani (download)

- ,Speedtest" (L7) ,-

100Mb/s
i ,\‘h—ﬁ‘\/\ﬁ’“\/\w

Rychlost vkladani (upload)

T NN QGG Uy i Py -
10Mb/s

2) Kompaktni tester EXFO EX1, EX10
- Ookla (L7)
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3) F-Tester (alternativni mérici metoda)
- proprietarni reSeni CVUT (L4, TCP propustnost)

4) NGA tester EXFO NetBlazer TREEAS TESTERY

- IETF RFC 6349 a dalsi metodiky o
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5) Diagnostika na aktivnich prvcich sité (zakladni monitoring)
- (L1-L7 dle modelu ISO/OSI)

Usage stats

TOTAL DATA TRANSFERRED TOTAL DATA DOWNLOADED TOTAL DATA UPLOADED
68.43 34.19 34 .24
Usage over time B 1otal
B0 Mby=
G0 Mbfs
40 Mbfs
20 Mbfs
b= P
20:00 (0-00 (- 00 (:8:0 12:00 16-040 2000
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EX10 PRO

[ Residential & Ethernet Business Services ]

Wifi 6/6E
GPON
XGSPON
*Electrical 1,2.5,5,10G Speedtest*
Optical 1G/10G Speedtest

€3 Bluetooth
S.0

Low energy

aaaaaaaa

JJJJJJ
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EX10
EX1
PON ID
* PONID GPON/XGSPON
* GPON/XGSPON ODN Loss
* ODN Loss Ookla Speed test

* 1,255,106

* Qokla Speed test

* 1G Electrical Electrical

e 1G Optical * 1G, - Optical
L oTon P to 16 Both EX1 and EX10 share th “EX” app and o

- XGSPON up to 1G ot an share the same app an « XGSPON up to

e WiFi5 2.4 &5 Ghz identical GUI making field tech learning curve “NIL’ e WiFi52.48&5

Ghz

for painless product transitions .
Multi gig SFP/SFP+
Interface interface
1G, 2.5G, 5G 1G, 10G
10G base-t GPON / XGS
PON
v

B LED status

Charging
USB C Charging port fast CERTIFIED Power/Charging
recovery WiFi / Bluetooth
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Jasné,
S srozumitelné Jednoduchy
[ Snadny pripojeni ] i [ e ]

U SES VAN N NN

454 G G =B - 424 MG ¢ 427 GHE G -
1GE to 10GE testing capabilities SRR S Rsediae ' St
Available Devices 16
Latency ] & Speedtest
Speedtest by Ookla cox ;umbl;r;edtmdd-mnvel Closeout
) peedtes
Download speed NP v 1530 () Tood-Dover Wi
Upload speed
. . eedles!
Automatic/Manual server selection &) b
Pass/Fail verdict based on thresholds G
Server information Diyyinlgad (] Speedtest
i (7} Todd-Dover_Wired
Client WAN IP WIRED:SSi

DHCP/STATIC/VLAN/PPPoE
Configurable Job information
PDF/CSV/JSON automatically generated reports
Report Tagging/Combination/Close out package

10GE

S5GE

2.5GE

1GE

100M

v
v
v
v
v
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There is no User Equipment at the cabinet
Fiber is installed in cabinet but not connected
Field tech can verify Rx Power and PON ID
Field tech can run Speedtest over GPON
Fiber drop is proven without CPE
Birth Certificate stored for future us

amazon
prime video
N7

\

1.
2.
3.
4,
d.
6.

Internet, OTT
VolIP, etc.
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o Get the Wired baseline values

9 Verify Wi-Fi Mstr Bedroom

The EX10 is ready to test the future home

@) verify Wi-FiKitchen
@ verify WiFi Living Room

e Verify Wi-Fi Home Theater

-

(2 o~ 0

™ | Master Bedroom o Wired Baseline |
Signal STRONG @ () 2G Down
Speed 500 Mbps W I I 1G Upload
=
= -~
L~ | : (U
8| 802.11ax |l

L]
Field tech has complete knowledge

on how to remedy the situation.
Move router, change Channels, add

—
‘!mm

\
@ Living Room Kitchen | b
Signal Signal STRON ™
Speed 250 Mbps 400 Mbps
=

InR

extenders to do the job right.

H Ci
°

Speed 200 Mbps ULTRAHD

A 1A
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Residential , identi -
esidentia /:\/ 9 [ Residential Turn-up &

Wi-Fi troubleshooting

Ethernet Business Broadband
Services (Banking)

Edge
Router ~

Ethernet Business
& @ Services (Enterprise)

G

MDU Turn-up &
Wi-Fi troubleshooting
. ENU =

10/100M ™
Ethernet

EX10 now becomes a test point in the network
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Prakticky vyklad: BCO - Broadband Competence Office Ceské republika

Specifikace sluzby pfistupu k internetu v pevném misté

Eg @ @, Q, Definice rychlosti v pevném misté

Procento pinéni: | S S S R S o e —» Maximélni rychlost
inzerované rychlosti i . e Sip
" proodesilana B . . . - technologicky reélné dosaZitelna rychlost
istahovand data | OkamzZita dostupnd rychlost u¢astnika:v daném okamziku u 4

100 % —

= inzerovand rychlost - uvadéna v obchodni komunikaci, 0 & 0
marketingovych materialech '.‘
60% === === - - - _ ..................... - =3 BéZné d'ostupna rychIqst ' _ ‘ﬁ,‘i’a @
; - alespon 60 % hodnoty inzerované rychlosti

- je dostupna 95 % casu béhem dne

0% —lf e et % ........................... ‘\ ................................ —» Minimélni rychlost n

; - Ty - alespori 30 % hodnoty inzerované rychlosti
. l{el{«a 0’? i S_e Odc",?y e _— V_elk‘a tfvaj'C' _odchyika - garantovano, Ze rychlost stahovani/odesilani
Limit: Mep? r]ez 3x 3.5'mmut0vy pokles ppd Limit: Mammal‘rle :/'0 mmutoyy pokles_pod neklesne pod tuto hodotu
hodnotu bézne dostupné rychlosti za 90 minut hodnotu bézné dostupné rychlosti
0:00 0:00 0:00
» o Zpracovani: K\ oadband
Vytvoreno podle: VSeobecné opravnéni ¢. VO-8/1/08.2020-9 vydaného CTU ke dni 18.8.2020 (Cj. CTU-31 723/2020-610) Broadband Competence Office Bopk %A @ .
Ceské republika \ oM Paowrsi A ObcH okt el
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BOWNEDAD Rychlost = TCP propustnost sité
10 Objem prenesenych dat za jednotku Casu kolisa
o Skutecna prenosova rychlost (actual speed)

Mozno ji chapat jako
aktualni rychlost = skute¢nou rychlost = realnou rychlost = okamzitou rychlost prenosu dat v intervalu 1s

00

TCP propustnost (Mb/s)

0
18:00 18:15 18:30 18:45 19:00 19:15 19:30 19:45 20:00 20:15 20:30 20:45 21:00 21:15 21:30 21:45 22:00

Cas (hh:mm) Zdroj: CTU

Copyright © AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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Skutecna prenosova rychlost (actual speed)

Skutecné dosahovana rychlost (achievable speed, achievable data rate)
DOWNLOAD

22
20

1

(v4]

1

()]

Interval méreni

2 minuty
12 = =ur anmrnontrr-mAe31-——"—-—""——---

14

10

TCP Propustnost (Mb/s)

I

17:16:00 17:18:00 17:20:00 17:22:00 17:24:00 17:26:00 17:28:00

2

0

Cas (hh:mm:ss)

Skutecna prenosova rychlost (SPR) + Skutecné dosahovana rychlost (SDR)
= = Maximalni rychlost (Rmax) — = BéZiné dostupna rychlost (BDR)

= = Minimalni rychlost (Rmin)

caroj: CTU

Copyright © AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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SDR- skutecné dosahovana
rychlost

TCP
== IETF RFC 6349

« Throughput (Mbit/s)

the Qrk of

M&Feni QoS optica

communication

Rmax — maximalni rychlost

/
UDP

ITU-T Y.1564 SEther

w standard in Ethernet service testing

TX rate — RX rate (Mbit/s)
(Mbit/s)

Frame loss (%)
Frame delay (ms)
Frame delay variation —jitter (ms)
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Aktudlni (okamZita, skute¢nd, méfitelna ...) rychlost = CTU: SDR—skuteéné dosahovana rychlost
SDR = TCP propustnost (L4 modelu ISO/OSI)

Referencni mérici metoda (RTM): IETF RFC 6349

aktualizované definice a metodika méfeni QoS parametrdi na webu CTU

Kontrola:
1) porovnani UDP propustnosti (ITU-T Y.1564) s Rmax - maximalni rychlosti
2) porovnani SDR (TCP propustnosti, IETF RFC 6349) s rychlosti
BDR — BéZzné dostupnou rychlosti

Rmin - minimalni rychlosti - B |
doporucené 3x sekvence méreni za 90 min [ F e
(odchylky od BDR = ztrata vykonosti sluzby) '3

____________

Kok 3

kiok 5 krok 7
Kok 3
—-—

Kok 1
=X TCPANY  UDPAW | O | . | ‘ |
a1 TC P * oo ok | Méiici terminal | Meéfici terminal | Meéfici terminal
Toer i +_EXFO NetBlazer ,* +_EXFO NetBlazer ,* ' EXFO NetBlazer !
w3 02020902SEEEEEEEE | DR 000 [ e—se——————e— | veeeeeee seeeeet e e -
L |
Obr. 3: Dopory

Tonec
Efeni bo h i pevnych nebo semi-

|
hrok 1 |
— |
i upload
ok 2 | ok a
U t T
Trer Towr  Thea
—

Tews Theat
Obr. 3: Doporuiena podoba procesu méfeni roziifeného souboru datovych parametrll pevnych nebo semi-
pevnych siti elektronickych komunikaci

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu




the Qrk of

Konvence v nazvoslovi optical
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Referencni Model ISO/OSI Model TCP/IP

. . “ Network Process to
(2 e L7 Application

Presentation

Host Layer

Session

End-to-End Connections

And Reliability Transpor L3

Transport |_4

Network |_3 Networlk |_2

Data Link L2

Data Linl L]_

Media Layer

Physical

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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Co je to realna rychlost?
PROber

W O R K I N G

Realna rychlost = skutecna, meritelna =|TCP propustnost|=
= rychlost prenosu dat na [4 referencniho modelu ISO/OSI)

___________________________________________________________________________ N
Travnrssitl);tni [TcP header| TCP segment L3
L4 : TCP payload/t = propustnost na L4 L4 TCP/IP
Sitova vrstva IP Header|:: IP paket L3
L3 5 IP payload/t = propustnost (rychlost) na L3 L3 TCP/IP
Spojova MAC SRc|MAc psT[802.10] TYP Etherneti
vrstva : ramec
L2 : L2
- e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = Ll
TCP/IP
Fyzicka vrstva PREAM | SFD | Bity
L1 L1
___________________________________________________________________________ J
— — — vysokorychlostni internet +30Mbit/s
rychlost na vrstvé rychlost na vrstvé rychlost na vrstvé rychlost rychlost na vrstve
(Mbit/s) dle ISO/0SI (Mbit/s) dle ISO/0SI (Mbit/s) dle ISO/0OSI (Mbit/s) (Mbit/s) dle ISO/OSI
28,595 13 95,315 13 953,150 13 30944 | 103,147 3
29,079 12 96,931 12 969,305 L2 31469 | 104895 5
30,000 L1 100,000 L1 1 000,000 L1 32.465 | 108,217 1

Prepocet rychlosti plati pro MTU (Maximum Transmission Unit) = 1200 B

www.profiber.eu
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Data Link @
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IETF RFC 6349

TCP Throughput

=+ Traffic Gen/Mon

| ITU-T Y.1564 — EtherSAM

-« | IETF RFC 2544

- - BERT a SDT
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Srovnavaci test méricich nastrojl a méricich metod pro méreni rychlosti pripojeni
k internetu

Indikativni test
Méril PROFiber Networking CZ s.r.o. pro VNICTP v 12/2021
za béznych provoznich podminek na nezatizené siti FTTH GPON (pripojna a
paterni sit’' 10 Gb/s a vice uz byla zatizena béZznym provozem)
Sekvencni méreni symetrickych sluzeb:
- 1000/1000 Mb/s
- 500/500 Mb/s

- 100/100 Mb/s
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Viiv PC (HW, SW, spusténé aplikace, dalsSi oteviena okna v prohlizeci..)
Co znamena ,lepsi* PC vs ,horsi* PC pri testu?

“ 1 PC1: ,lepsi* PC

Lepsi PC1:

DESKTOP-A3S4R8V, Procesor Intel(R) Core(TM) i5-8350U CPU @ 1.70GHz
1.90 GHz, Nainstalovana pamét’ RAM 16,0 GB (pouzitelné: 15,9 GB)

64bitovy operacni systém, procesor pro platformu x64
OS Windows 11

Horsi PC2: 4 pc2:  horsi® PC

IBM x201 Core i5 M540@2,53GHz, 4GB RAM, disk 54000t.
OS Linux ‘%

Doporuceni pouzit nejaky benchmark CPU (nejveétsi vliv).
CTU pouziva CPU-Z.
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W O R K I N G

Vliv PC — benchmark CPU: CTU pouZivd CPU-Z.

Zavislost vykonu uzivatelského zafizeni na vysledky méfeni nastroje CTU-NetTest
webovy prohlize¢ Google Chrome (verze 95.0.4638.54); §itka pasma =1 Gb/s (L 1)

900 1 -
800 3
700 1
600 -
500 1 .

400 1 ’

TCP propustnost (download); Mb/s

300 1 o
200

100 1

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Benchmark CPU-Z (score)

2-vlaknove procesory ® 4.vlaknové procesory ® 8-vlaknove procesory ® 12-viaknove procesory
I Obr. 7: Zdvislost vwkonu uZivatelského zarizeni (PC, notebooku) na vvsledky vereiné dostupného ndstroie CTU-NetTest -
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Vliv jak je PC pripojeno ke koncovému bodu site
Kabelem vs WiFi?

Kde je predavaci bod sluzby? (UNI — user Netwok
Interface)?

Kvalita sitove karty v PC?
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DOWN DOWNLINK 1000 Mb/s
1000,0
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UPLINK 1000 Mb/s
00,0 2 000,0
1000, ; 1000,
935,8 931,3 939,4 9040 g0g0 0.0 920,5
900,0 : 900,0
818,1 37,3 806,2 —
_800,0 800,0 5
< =
S 700,0 7000 =
= o~
frossal )
= 600,0 600,0 =
= 512,0 =
—_— (o]
& 5000 458,0 500,0 T
= s
S 400,0 400,0 .-
= 301,0 5
o 300,0 3000 2
{1 =
200,0 2000 £
100,0 100,0
0,0 - - — == — — 0,0
S|s < 5
o | v x g 2 e
g|& | sl || E|E| B|E
= | = | = el z| &) 8|8 | ¥
E o — "'3"" -§- ; 2 ‘E £ T 3
- o o
= | = | S| 5| Bl Bl EI| S| &l & E g E‘ &
a = S (=] : : E .5 lﬁ ﬁ [ -] m i)
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DOWN DOWNLINK 500 Mb/s
_\ /_ 600,0 600,0
500,0 507,7 512,2 497,0
' 488,7 4842 :

500,0 4633 455.0 476,0 471,2 459,q 500,0 “E
T =
S 400,0 377,3 400,0 =
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=. (e}
= 300,0 3000 =
O (5]
c T
% =
a 200,0 ' 167,3 200,0 °S
o E
5 | S

100,0 ‘ 100,0 £

0,0 - — — — 0,0

S| =) =)

g | 5| &8 5 B

8|z |l | | = B|E| E|E

2| S|l 2| 2| 2| |8 | |6
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ﬁ UPLINK 500 Mb/s
600,0 600,0
486.4 500,0 508,5 499,0 512,3 5076 504,3 508,3 507,9 505,5 507,2
500,0 ’ - 469,0 465,0 500,0 @
L
3 | -
s 400,0 : 400,0 J
— et
5 306,0 250,0 8
= 3000 ! 4 ! 3000 =
751 [
o =
€ E
3 200,0 200,0 §
0 E
e £
100,0 100,0 €
0,0 oy | B S — 0,0
£l 3 S
o | ~ B = = g
2| B T2 E| 3 £|6 | £|S
= 1% | | 5| & E 8 % 2 ¥
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. Zkusenosti s méfenim rychlosti dle CTU  optica

communication

PR‘QFH;JEP

Jaka jsou uskali méricich metod?

«  Zpozdeéni, doba odezvy (latence)
e  Pocet TCP vilaken (TCP sessions)

« Umisteni a konektivita mériciho serveru

- Pouzita metoda, jeji principy, vysledky, vhodnost
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V4

2 N\ Zkusenosti s méfenim rychlosti dle CTU  optica

PROFber

N E T W O RKI NG

ProC test oznacujeme jako indikativni? t
Sekvencni testy
Kazdé meéreni v jiném case ’
Méreny objekt se méni .

v internetu plati: Dvakrat nevstoupi do stejné Feky

2,0

Paterni trasy pod zivym provozem
Jedno méreni = zadné meéreni

5,0

Pro statistické vyhodnoceni je treba 10x test
stredni hodnota, rozptyl, opakovatelnost

3,0

£
E
o

Dokladem nestalych parametr{ je RTT (zpozdéni) )

communication
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PRO~ber

N E T W O RKI NG

Rmax — maximalni rychlost

SDR- skute¢né dosahovana l

rychlost ™\ DOWNLINK 1000 Mb/s
1000,0 9235 9394 1000,0
900,0 856,4 900,0
774,0 940 =
— 800,0 ! 731,3 741;9 800,0 :"5
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~\ Mé&Feni kvality pfipojeni k internetu optica

communication
PF'IDF|E‘JE

W O R K I N G

kalibrovany meérici systém (EXFO)

Cesky telekomunikaé&ni Gfad NIX.CZ

e,

[
I
[ ]
I
1
||
|;
]

Méf¥ici terminal
v _EXFO NetBlazer ,

i
1
]
1
i Sy A : :

,  Méfici terminal Méfici terminal

v EXFO NetBlazer . ' EXFO PowerBlazer

‘\-——————_-'

e e

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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- Méreni kvality pripojeni k internetu optica

communication

PROFber

N E T W O RKI NG

Use with any EXFO or 3rd
party device LOOpbaCk Will loopback test traffic to C.O.

Traffic to CO

EX10 PRO

Central office

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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N Metodika méfeni QoS optica

. communication
PRO-ber

N E T W O RKI NG g

Praktické méreni UDP + TCP
Service Configuration Test Completed, Fail Start Time 7. 3. 2016 14:02:50
FD (ms) (RTT) IFDV (ms) FLR (%)
L->R 30,0 < 0,015 0,1023 29,969
BeSt Bffort @ . 300 0,052 < 0,015 0,0838 0 29,974
Service Performance Test Completed, Fail
SICOIGD) IFDV (ms) FLR (%)
L->R 30,0 < 0,015 0,0980 29,970
BeSt Zisn X 30,0 10,052 < 0,015 0,0950 0 29,971 0
Total RX Rate  L->R 29,970
(Mbits/s)  R->L 29,971
RFC 6349 Test Completed, Pass (V)
MTU (bytes) 1289 Minimum RTT (ms) 10,071
TCP Throughput
Ideal L4 Actual L4 TCP Efficiency | Buffer Delay
34 KiB
. O L->R (2 conn.@ 17 KiB) 27,8 9991 0,54
34 KiB
(2 conn.@ 17 KiB) 27,8 27,0 @ 99,92 0,79

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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N E T W O RKI NG

Ztratovost FLR = 94

Zpozdéni FD = 5 ms

Ztratovost FLR = 0,1 %

Zpozdéni FD = 5 ms

Ztratovost FLR = 1'%

Zpozdéni FD = 5 ms

Ztratovost FLR =

Zpozdéni FD = 5 ms

the Qrk of

Je vase sit’ schopna poskytnout Opth 3
vysokorychlostni internet? communication

Test bézné dostupné rychlosti BDR = 75 Mbit/s dle RFC 6349.

TCP Throughput

Window Ideal L4 Actual L4 TCP Efficiency | Buffer Delay
(Mbit/s) (Mbit/s) (%) (%)

12 KiB
(2 conn.@ 6 KiB) 751 72,6 &1 100,00 19,63
12 KiB
i (2 conn.@ 6 KiB) 34 72,0 99,98 62,29
TCP Throughput
Window Ideal L4 Actual L4 TCP Efficiency | Buffer Delay
(Mbit/s) (Mbit/s) (%) (%)
104 KiB
(2 conn.@ 52 KiB) 751 58,5 QS o980 2,96
104 KiB
B (2 conn.@ 52 KiB) 751 58,5 99,89 6,23
TCP Throughput
Window Ideal L4 Actual L4 TCP Efficiency | Buffer Delay
(Mbit/s) (Mbit/s) (%) (%)
104 KiB
(2 conn.@ 52 KiB) ot 21,9 @] osss8 2,12
104 KiB
2k (2 conn.@ 52 KiB) 73,1 20,6 98,68 125,82
TCP Throughput
Window Ideal L4 Actual L4 TCP Efficiency | Buffer Delay
(Mbit/s) (Mbit/s) (%) (%)
104 KiB
(2 conn.@ 52 KiB) 2,68
Rl 104 KiB 4050

(2 conn.@ 52 KiB)

Prijd'te se presvedcit na pracovisté NGA siti: Jak zavisi poskytovana rychlost pripojeni k internetu
(TCP propustnost) na kvalitativnich parametrech sité jako je ztratovost, zpozdéni atd.

AKADEMIE VLAKNOVE OPTIKY A OPTICKYCH KOMUNIKACI ® www.profiber.eu
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