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A long time ago 1n a galaxy far,
far away....
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How can we make 1t work?
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What is network redundancy?

Is redundant network redundancy
redundant?



Network
redundancy

Equipment redundancy

Path redundancy



Equipment redundancy
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Path redundancy




Path redundancy
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Upstream path redundancy
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SLAs are based on calculations

Network uptime SLA:

This is not TIER based, as
in case of data centers,
but mathematically
calculated.




Calculation f}
based on 1%

For every single point of failure
in the network we take 1%
(thumb rule) of monthly
downtime into account



Non redundant
networks

No equipment redundancy

No path redundancy



EXAMPLE

1% means: 30,5 days x 24h / 100 =7,32h
1% of downtime for device A

1% of downtime for device B

1% of downtime for the link

1% 1%
| OO | OO B

Max network downtime =3%
(SLA =97% guaranteed uptime)



Multiple upstream
networks

No equipment redundancy

Partial upstream path redundancy



WHAT IF WE DO IT LIKE THIS?

1%
| EIESEEIES

BLUE max downtime =2%
RED max downtime =2%



CALCULATION

iMMmmm

The chance BLUE and RED will both be
down is: 2% x 2% = 0,04%

The worst case that RB and both ISPs will
be down is: 1% + 0,04% = 1,04%

SLA for the current network: 98,96%



Partial mesh
networks

Equipment redundancy

Multiple upstream path
redundancy



WITH UP TO 3 POINTS OF FAILURE
THIS NETWORK CAN FAIL IN 6 WAYS

1% 1%
[ remaEam—= \ [ == \
| ESESESESES | ESESESESES
1% 1%
1% 1%
/ \
| IS | EIESEETES

1% 1%



FAIL NO.1

| EIESEESES | EIESEEES

The chance for this to happen:
1% x 1% =0,01%



FAIL NO. 2

| EIESEESES | EIESESEES

The chance for this to happen:
1% x 1% =0,01%



FAIL NO. 3
——\ ——\

| EIESESEES | EIESESEES

1% 1%

el e awE)
| EIESEEES

The chance for this to happen:
1% x 1% x 1% = 0,0001%



FAIL NO. 4
——\ ——\

|  EEEEE /{ EESES eSS

1%X X.%
e

| EIESEEES

The chance for this to happen:
1% x 1% x 1% = 0,0001%



FAIL NO.5
——\

| EIESESEES

X N

1%
| ISR | EIESEEES

The chance for this to happen:
1% x 1% x 1% = 0,0001%



| EIESESEES

)(1% 1%

| S | EESESESES

The chance for this to happen:
1% x 1% x 1% = 0,0001%



TOTAL FAILURE RATE

1% 1%
| EIESEEES | EIESEESES
1% 1%
1% 1%
/mﬂ"%‘_@,—a@ m@l‘%‘—s@\
| EEESESES | EEESEES
1% 1%

4 x0,0001% +2 x 0,01% = 0,0204%
SLA: 99,9796% (99,9%)



Mesh networks

Equipment redundancy

Multiple path redundancy and
usptream path redundancy



99,9% MESH NETWORK

1% 1%
| B | EIESES S
1% 1%
1% 1%
/ So=r= 1% \
| BB || OO0

1% 1%



Fully redundant
networks

Equipment redundancy

Double path redundancy with
double upstream path redundancy



99,98%
FULLY REDUNDANT NETWORK
1% 1%

EEEEE oy

0,01% 0,01%

0,01% 0,01%

/ 0,01% / emmstem \
{ ) ] ] =\ ) ] ]
1% 1%




Let's do 1t on
MikroTik

There are different ways to do it

We will use multiple protocols and
layers to prove the concept



Use bonding active-backup

1% 1%
/ e\ €4 0,01%  e4 /e
| BEEEE [~ 3 e3 | OEEEH

el || e? ell| e2
0,01% 0,01%
0,01%
el || e2 el |je2




Create the bonding interfaces

Asr Quick Set Interface List

| I CAPSMAN nteface Ethemet EolP Tunmel IP Tunmel GRE Turmel VLAN VRRP LTE
/= Interfaces g | 5 7

SIATS Name + [Type MTU  [L2MTU [T B
EE Bridge R <4pbondingl Bonding 1500 0bps
=3 PPP

== Switch 1item out of 7

Repeat this process
for every bonding
link on every router
until you get all 3
bonding interfaces
on each router

MIl Interval: | 100

m]E3
General Bonding |Ratus Traffic oK
| Slaves: |ether'| || ¥ | v Cancel
|ether? (AR Apply
Mode: |active backup 3| (g
Prmary: [ether [E3] g
Link. Monitoring: |n1ii ” ;l Copy
T [ e [ = Frarore
Down Delay: |0 | ms Tarch
Up Delay: |0 | ms
LACP Rate: |30 =]




Resulting network




Loopback setup
K Quick Set

T capsMAN | [Bidge | Pors  Fiters

NAT Hosts

|/ Interfaces el 5 T| | settings
L Wircless Name + [Type 2 MTU [T
R HHol Bridge .. 65535
=g PPP
Interface dal> [=]|E3
General | STP Status  Trafic OK
On every router add Cancs
. Type: |Bridge Apply
a loopback device .| T
. . Disable
(a bridge with no Actuel MTU: [1500 | [comment
L2 MTU: |65535 | oo
ports attached) AC Addess: | [
ARP: |enabled =] —

Admin. MAC Address: |




Adding loopback IPs

== Switch

" MPLS

4 Rouing DHCP Cliert

System DHCP Relay

é DHCP Server
Files o

On every router add
a loopback IP
(/32 netmask)

s

Address # | Netwoaork Interface
P 152.168.1.1 152 168.1.1 loD
Address <192.168.1.1> =lE3

:1192.168.1.1

: 1192.163.1.1




Interconnections

192.168.1.1 192.168.1.2
R1 / T s \ 10.1.2.129 D3 10.1.2.2/29 / e e \ R2
t BEEEEE - 2 BEOEEE
10.1.1.1/29]  10.1.6.1/29 0.1.5.2/29 [10.1.3.2/29
blj1 3|/bl

10.1.1.3/2 10.1.5.3/29 0.1.6.4/29 10.1.3.4/29

/ \
e ——— e

10.1.4.3/29 b3 10.1.4.4/29

192.168.1.3 192.168.1.4

R4




Adding the interconnect networks

Link number

R1 Router number

dares H || =

#|=| [¥]=] [l [
|MMV‘# |Hel'l'ml'|{ |Hﬂfaﬂe f”‘r
=101.1.1/29 10110 bonding1
=10161/29 10160 bonding2
=10121/29 10120 bonding
=2192.168.1.1 192.168.1.1 oD

Address List [=]{E3

=] [l =l [
| Address | Network | Interface -
=110.1.1.3/29 10110 bondingT
10.1.5.3/29 10150 bonding2
10.1.4.3/29 10140 bonding3
192.168.1.3 192.168.1.3 oD

Address List [=](E3

=] [Vl (=) v
| Address | Network |Interface >
1013229 10130 bonding 1
1015229 10150 bonding2
1012229 10120 bonding2
19216812 19216812 laD

Address List [=]{E3

=] [Vl r
| Address | Metwork Interface i|=
=10134/29 10130 bonding1
1016429 10160 bonding2
21014429 10140 bonding3
152 16814 19216814 loD




OSPF setup
[ Rotng T wro

i System " BGP Interfaces | Instances [ Networks Areas Area Ranges Virtual Links Neighbors NBMA
& Qusues Filters | =] [ EI Al |7
[ Files MME [Name + [Router ID [Running]|
e [ e
A Radius Prefix Lists
DJ5PF Instance «<default >
& Tools " RIP
@ New Temminal General | Metrics MPLS Status oK
==/ LcD Mame: |defaul | Cancel
= MetaROUTER Router ID: |152.168.1.1 Apply
PZ Partition
g Make S P Redistibute Default Route: |never || il Disable
& Manual Redistribute Connected Routes: |nn || il Commert
@ New WinBox Redistribute Static Foutes: |no IE3| Copy
B Ext T tem (1 Redistribute RIP Routes: no [ *| | | Remove |[

Set the OSPF router ID to the
loopback address



OSPF setup

OSPF
=L |

+ & T Address List [=] 3
Metwork / |Area _ :
#£10110/25 backbone | || ¥II=] [ % Iif Find
#210.1.2.0/29 backbone | Address MNetwork Interface 3|l
#:10.1.6.0/29 backbone | ff wI10111/25 10110 bondingl .
#192.168.1.1 backbene | | gm10121/25 10120 bonding3

T 10.1.6.1/29 10.1.6.0 bonding2
T 152.168.1.1 192.168.1.1 o0

Add all connected networks to OSPF



Adding the interconnect networks

R1 R2

instancss Networks | Aress Ares Ranges Vil ks  Neighbors  NEMANeighbors | Sham Liks | LS nstances Networks | Aress Area Rangss Vitual Links Neighbors  NBMA Neighbors  Sham Links | Lt
=Ll T *
s |Area
e bacone |11 =] [2][5¢] Find |“§W"f | Area EE ][] [=] [7] Find
“ 10.1.2.0/29 backbone Metwork Irterf; |- 10,1 .2.0/429 backbone
#10.1.6.0/29 backbone ==10.11.1/29  10.1.1.0 |bond:; ” #10.13.0:29 backbone %10122&9 ||1lﬂd1"2“'0|‘ |;:::E ”v
#192.168.1.1 backbone 10121/29 10120 bonding3 #110.1.5.0/29 backbone 1013299 TET ——
10161729 10160 bonding? #2192.168.1.2 backbone e S onaing
:3:132_163_1_1 152.162.1.1 lal} %:10152/29 10.1.5.0 bond|n92
19216812 192.168.12 ol

R3 R4

OSPF OSPF

[#][=] [l EE ol (=] [v]
#101.10/29 backb mmaum ;lm EIE‘ .. . . Fro__|
o a ane 3 one
#10.140/29 backbone (Address ’ Network nterface = #10.1.4.0/29 backbone -%-1411 YT |m |;*"§“°j 2
£101502 b 21011329 10.1.1.0 bonding1 - 101605 e onding :
15216213 backb o 10.1.4.3/29 10.1.4.0 bonding? 192 1681 4 backbong e 10.1.4.4/29 10.1.4.0 bonding3
el aekbone 1015329 10150 bonding? el =10164/25 10160 bonding?
219216813 19216813 o0 2=192.16814 19216814 o0

N



R4 - Routing table result

OSPF

nstances Networks

Area Ranges  Vitual ks | Neighbors  NBMA Neighbors | Sham Lnks | LSA  Rout
v

e || =
MNetwork ¢ | Area
#10.1.3.0/24 backbone
#2101.40/25 backbone
#10160/23 backbone
#2192168.1.4 backbone

Route List [=]|E

= Fules VRF

=] [ ] Find A |
Dist. Address ¢ |Gateway Pref. Source |

DA P=10.1.1.0/29 10.1.4.3 reachable bonding3, 10.1.6.1 reachable bonding2 110

DA I=10.1.2.0/29 10.1.3.2 reachable bonding1, 10.1.6.1 reachable bonding2 110

DAC = 10.1.3.0/29 bonding 1 reachable 010134

DAC = 10.1.4.0/29 bonding3 reachable 010144

DA = 10.1.5.0/29 10.1.3.2 reachable bonding1, 10.1.4.3 reachable bonding3 110

DAC I=10.1.6.0/29 bonding? reachable 010164

DAo b= 152.168.1.1 10.1.6.1 reachable bonding2 110

DAo b= 152.168.1.2 10.1.3.2 reachable bonding 1 110

DAo b= 152.168.1.3 10.1.4.3 reachable bonding3 110

DAC b=152.168.1.4 lo0 reachable 0/192.168.1.4



Providers and customers

Border

Core

| | AcCCessS
172.16.0.0/24



OSPF
specifics

The network is now
fully redundant but it
depends on OSPF for
nath selection and

convergence




MPLS TE

to the rescue

Deploy MPLS TE for
faster and better
path control



For demo purposes we will turn this
network...

S ——— ( /Sﬂ R2 Border

| 6 l l =N

>

R3 (oot \ﬁﬂ R4 Core

| IEEEE | | EEEE |

Access

172.16.0.0/24



Into this simplified network

ISP1 Q
DHCP
R1 (e =\ Border

R3 ( ISR |

172.16.0.1/27
172.16.0.2/24
{ ﬂ Access

e R4 Core




The rest remains the same

192.168.1.1 192.168.1.2
R1 / AT B \ 10.1.2.129 D3 10.1.2.2/29 / e e \ R2
& BEEEEE - 2 BEOEEE
10.1.1.1/29] 10.1.6.1/29 0.1.5.2/29 |10.1.3.2/29
blj1 3|/bl

10.1.1.3/29] 10.1.5.3/29 10.1.6.4/29 10.1.3.4/29

/ mﬁ""@éx@\
e ——— e

10.1.4.3/29 b3 10.1.4.4/29

192.168.1.3 192.168.1.4

R4

http://mikrotik-academy.com/mum2016
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First things first (R1 default route)

Route List =] E3
Routes | Nexthops Fules VRF
+[=] [ 7 [Fing [ ][]
|Dst. Address 4 |Eateway |D1'5'.tanc:e |Flnuting Marl: |F‘ref. Source |T
DAS  F000.0/0 10.0.0.254 reachable wlani 0]
DAC  F10.0.00/24 wlan1 reachable 1] 10.0.0.3
DAC I 10.1.1.0¢29 bonding 1 reachable 0 10.1.11
DAC = 10.1.2.0/25 bonding3 reachahle 0 10121
CiAo P 10.1.3.0/29 10.1.6.4 reachable bonding2, 10.1.2.2 reachable bonding3 110
Difo P 10.1.4.0/29 10.1.6 4 reachable bonding2, 10.1.1.3 reachable bonding 1 110
DAo = 10.1.5.0/25 10.1.2 2 reachable bonding3, 10.1.1.3 reachahble bonding1 110
DAC = 10.1.6.0/29 bonding2 reachable — e
DAC B 192 168.1.1 o0 reachzble O5PF Instance <default=
DAc P 132.168.1.2 10.1.2.2 reachable bonding3 General | Metrics MPLS  Status oK
Diho = 192.168.1.3 10.1.1.3 reachable bonding 1
DAo P 192.168.14 10.1.6 4 reachable bonding2 Name: |defautt ||| Ccancsl
Router ID: |192.168.1.1 | Aoply
[ i
DO th e Sa m e fo r R2 Redistibute Default Route: |never |* Disable
Redistribute Connected Routes: |nn || * Commert
on non_s|mp[|f|ed Redistibute Static Routes: |no =] | [ copy
Redistribute RIP Routes: |no 3 Remave
Setu pS Redistribute BGP Routes: no |®
Redistribute Other OSPF Routes: |no 3




R3 & Customer setup

Address List

Routes | Nexthops Rules VRF
o = || 32 T

Customer equipment towards R3

Route List
Routes | Nexthops Rules VRF
+= =] = T

Address List

00000

|Dst. Address T | Gateway =/ [v]%] 9] [T i
DAz P 19216814 10.1.4 4 reachable bonding3 | Address | Network |Interface
DAC P 15216813 lo0 reachable o 10.1.1.3/29 10.1.1.0 bonding 1
DAo I+ 152.168.1.2 10.1.5.2 reachable bonding2 “E:' 10.1.5.3/29 10.1.5.0 bonding2

192.168.1.1 10.1.1.1 reachable bonding i

DAc P 10.1.6.0/29 1'I] ‘I 44reachable bonding3, 10.1.1.1 '%152.153.1.3 19216813 1o
DaC P 10.1.5.0/29 bonding? reachable
DAC I+ 10.1.4.0/29 bonding3 reachable
DAo P 10.1.3.0/29 10.1.5.2 reachable bonding?, 10.1.4.4 R3
DAo P 10.1.2.0/29 10.1.5.2 reachable bonding2, 10.1.1.1
DAC P 10.1.1.0/29 bonding1 reachable

172.16.0.1 reachable etherl
- B 172.1600/24  ether] reachable 0 172.16.0.2/24 172.16.0.0 etherl hm_muz
DAC | P 192.168.90.0/24  ether? reachable r192.168.90.1/24  192.168.90.0  ether? 192.168.90 1




Preliminary MPLS TE over OSPF

|| = ¥ ® (O T
Name / | Router ID ‘ | Running |
= $defautt 192.168.1.1 yes

D5FF Instance <default::

Do this for all 4 routers



Setting up MPLS TE interfaces

|7 MPLS " MPLS
&, Routing I [ Traffic Eng nteface |Tu-nel Path Path State Resv. State Traffic Eng Inte
System [
w07 Syst VPLS A EINE:
QGUEUEE
Interface ¢ | Bandwidth {I::ps}lTE Metric| Remaining Bw.
[ Files bonding1 1G 1 1000.0 Mbps
|| Log bonding? 1G 1 1000.0 Mbps
bonding3 1G 1 1000.0 Mbps
E@. Radius

x Tools il TE Interfface <bonding1>
New Terminal Interface: |bonding E oK
I LCD Bandwidth: [1G bps | | Cancel
E MetaROUTER K Factor: |2 Apply
B "
" Fartition Resource Class: |0 Hex -
| o Make Supout rif Disable
@ I Refresh Time: | 20.000 ~
anua Py
— [ Use UDP e A

Add each bonding interfaceto TE
on all 4 routers



TE tunnels are
unidirectional

We need to set up paths
in both directions




Possible paths from R1 to R3

TEEndpoints 197 168.1.1 192.168.1.2

0.1.6.4/29  |10.1.3.4/29
i

| EIESEEES

R4

10.1.4.3/29 10.1.4.4/29

\ 192.168.1.3 192.168.1.4




Possible paths from R1 to R3

TEEndpoints _ 197 168.1.1 192.168.1.2
| EIESEEES

10.1.1.1/2 10.1.6.1/29

10.1.2.1/29 10.1.2.2/29 |

R2

10.1.1.3/2 .1.5. 0.1.6.4/29 10.1.3.4/29

[ T — T

10.1.4.3/29 10.1.4.4/29

\ 192.168.1.3 192.168.1.4

R4




Possible paths from R1 to R3

TEEndpoints 197 168.1.1 192.168.1.2

R2

10.1.1.3/2 10.1.5.3/29 4/2 10.1.3.4/29
ESES SIS | RS
& 10.1.4.3/29 10.1.4.4/29
192.168.1.3 < 192.168.1.4



Possible paths from R1 to R3

TEEndpoints 197 168.1.1 192.168.1.2

10.1.1.3/2 10.1.5.3/29 0.1.6.4/29 10.1.3.4/2
E S S | EIESESEES
\4 10.1.4.3/29 10.1.4.4/29
192.168.1.3 < 192.168.1.4



Possible paths from R1 to R3

TEEndpoints _ 192 168.1.1

\ 192.168.1.3

10.1.4.3/29

192.168.1.2

10.1.4.4/29

10.1.3.4/2
/\

| EIESEEES
192.168.1.4

R2

R4



Set up TE unidirectional paths on Rl

Inteface  Tunnel Path ‘Fiﬂ’l State  Resv. State  Traffic Eng Inteface

o v (% T
|Name |U5&ESF‘F |ans
ri+3 o
rl+2d+3 o 10.1.2 Z:atrict, 10.1.3 Z:strict, 10.1 3 4:strict, 10.1 4 4:strict, 10.1 4 3:strict
rl+2+3 o 10.1.2 Zatrict, 10.1.5 2Z:strict, 10.1.5 3:strict
rld3+3 o 10.1.6 4:ztrict, 10.1.3 4:strict, 10.1 3 Z:strict, 10.1.5.2:strict, 10.1.5 3:strict
rlrdr3 no 10.1.64trict, 10.1.4 4:trict, 10.1.4 3strict  [F P mpmiep
. MName: |r1-r2-r4—r3 | . oK
dd all ibl h i Coos
Add all possible paths ——— =
Holding Priority: | | - .
Record Route: | g
° . . - il
Add strict next-hops as Aoy b | I~ [
Affinity Include Arry: | | b
well as the strict local oy ke | -
Reoptimize .Inten-'al: | | S
Pref-src towards the next s 0122w 13]%
(10.1.32 |- strict EdE
neXt'h Op [10.1.34 | | strict =] =
(10.1.4.4 |« [strict ==
(10.1.4.3 |« [strict ==




Possible paths from R3 to R1

TEEndpoints 197 168.1.1 192.168.1.2

0.1.6.4/29  |10.1.3.4/29
i

| EIESEEES

R4

10.1.4.3/29 10.1.4.4/29

\ 192.168.1.3 192.168.1.4




Possible paths from R3 to R1

TEEndpoints _ 197 168.1.1 192.168.1.2
| EIESEEES

10.1.1.1/2 10.1.6.1/29

10.1.2.1/29 10.1.2.2/29 |

R2

10.1.1.3/2 .1.5. 0.1.6.4/29 10.1.3.4/29

[ T — T

10.1.4.3/29 10.1.4.4/29

\ 192.168.1.3 192.168.1.4

R4




Possible paths from R3 to R1

TEEndpoints 197 168.1.1 192.168.1.2

R2

10.1.1.3/2 10.1.5.3/29 4/2 10.1.3.4/29
ESES SIS | RS
& 10.1.4.3/29 10.1.4.4/29
192.168.1.3 —_— 192.168.1.4



Possible paths from R3 to R1

TEEndpoints 197 168.1.1 192.168.1.2

10.1.1.3/2 10.1.5.3/29 0.1.6.4/29 10.1.3.4/2
E S S | EIESESEES
\4 10.1.4.3/29 10.1.4.4/29
192.168.1.3 — 192.168.1.4



Possible paths from R3 to R1

TEEndpoints 197 168.1.1 192.168.1.2

R2

10.1.1.3/29) [10.1.5.3/29 0.1.6.4/29  110.1.3.4/2
/\

[ T — T

10.1.4.3/29 10.1.4.4/29

\ 192.168.1.3 192.168.1.4

R4




Set up TE unidirectional paths on R3

Repeat the exact setup oot | " =

Inteface  Tunnel Path | Path State  Resv. State  Traffic Eng Interface
= % T
|Name ] |L|5&ESF'F |an5
ri no
r3211 no 10.1.5.2:strict, 10.1.2 Fstrict, 10.1.2.1:strict
r3r2rd-l no 10.1.5.2:strict, 10.1.3. 2 strict, 10.1.3 4:strict, 10.1.6.4:strict, 10.1.6.1:strict
r3rd-1 no 10.1.4 4:strict, 10.1.6.4:strict, 10.1.6.1:strict
r3rdrZ no 101 .4 4d:strict, 10.1.3.4:strict, 10.1.3. 2:strict, 10.1.2 Z:strict, 10.1.2.1:strict

Tunnel Path <r3+2+1=

Disable

MName: |r3-r2—r1 | oK
[ Use CSPF ‘
Setup Pricrity: | - I—W
Holding Pricrity: | | e

Affinity Include All: | -

a S O n R 1 Affinity Include Any: | | - Remove
Affinity Exclude: | | -
Reoptimize Interval: |—| -

Hops: |10.1.5.2

K
[10.1.2.2 | :|strict EIE
K

[10.1.2.1 | :|strict 3




Set up TE tunnel on R1

Inteface  Tunnel Path  Path State Resv. State  Traffic Eng |ﬂtEfFEICE|
el = (|52 T

| Mame ¢ | Type L2 MTU |Tx
R dbtrafficeng-downstream+3  Traffic Eng Interface 65535
Inteface <traffic-eng-downstream-+3: Interface <raffic-eng-downstream—r3:
General | TE Bandwidth Status Status Traffic oK Generdl  TE | Bandwidth | Stahus | Status | Tralfic oK
Name: |tr=ffic-eng-downstream+3 1 [ cancel Primary Retry Interval: |00:01:00 | Cancel
" Type: | Traffic Eng Interface 1 T Aoply "~ Setup Priory: | - Apply
MTU: |1500 | — Holding Priority: | . e S—
L2 MTU: 65635 | e _ Record Route: e
From Address: |192.168.1.1 | - . Copy e e Copy
To Address: |192.168.1.3 | | [ Remove i ™ | [[Reamore
Bandwidth: |250M | Torch Hirky Bxcluds: | = | | Torch
Primary Path: 1173 B Reoptimize Interval: |00:00:05 |~
Secondary Paths: |r1+2+3 IE3E
r1+4+3 E3E
2413 B3
IM+4+243 =]




Set up TE tunnel on R3

Inteface Tunnel Path Path State Resv. State [raffic Eng Interface |

e (=] ||| 22| (] |

| Name ¢ | Type L2 MTU | T
R d¥trafficengupstream+1  Traffic Eng Interface 65535

Inteface <raffic-eng-upstream+1: Interface <raffic-eng-upstream-ris
General |TE Bandwidth Status Status  Trafiic 0K General TE |Bamm|h Status  Status  Traffic oK
Mame: | traffic-eng-upstream-1 | — Primary Retry Interval: |00:01:00 | Cancel
Type: | Traffic Eng Inteface | Apply Setup Priorty: | s Apply
MTU: |1500 | — Holding Priority: | |- c——
L2 MTU: |65535 | — Record Route: i
From Address: [192.168.1.3 |- . Copy T I Copy
To Address: [132.168.1.1 1| [ Remove inkty ncude Ay | ¥ | [ Remove
Banduwidth: | 2500 N T Torch Affiny Exclude: | A Torch
Pramary Path: 131 B Reoptimize Interval: |00:00:05 |~

Secondary Paths: |r3-r2-r1 || * | =
r3rdr1 2
F3rd 1241 =%
1321411 =%




TE effects on R3

teface | Tunnel Path  Path State  Resv. State  Traffic Eng Interface

= [« |T
Interface ¢ | Bandwidth (bps)| TE Metric| Remaining Bw.

..... Lbonding1 1G 1
bondingZ 1G 1 1000.0 Mbps
bonding3 1G 1 1000.0 Mbps

Traffic Eng
inteface Tunnel Path  Path State | Resv. State Traffic Eng Interface

Src. ¢ | Dst. Bandwidth Out Interface Out Next Hop
ER 152.168.1.1:1 152.168.1.3:4 250.0 Mbps

LFF 132.168.1.3:1 132.168.1.1:18 250.0 Mbps bonding 1 10.1.1.1




R1 routing (download traffic)

Route List
Routes |Nexthops Rules VRF

b= v % O T

| Find NEE

Dst. Address © | Gateway Distance | Routing Mark | Pref. Source |
Dho 19216814 10.1.6.4 reachable bonding2 110
Do 19216813 10.1.1.3 reachable bonding 1 110
Do P 192.168.1.2 10.1.2.2 reachable bonding3 110
DAC P 192.168.1.1 lo0 reachable 0 192.168.11
AS = 172.16.0.0/24 traffic-eng-downstream-+3 reachable 1
DAC P 10.16.0/29

Route <172.16.0.0/24>

DA - 10.1.5.0/25
DA = 10.1.4.0/25

DA B+ 10.1.3.0/25

DAC  F101.20/29 Dst. Address: |'IT-"2.'I'E.1].1];’24 | Cancel
DAC  F10.11.0/25
DAC = 10.0.0.0/24 Gateway: |tlaﬁic-eng-dn'nrnstream-r3 ||$| |read1€-.bl& Apply
DAS P 0.0.00/0
Check Gateway: | - Disable
13 items (1 selected) Type: |unicast || $| Comment
Copy
Distance: |1 | -
Remove
Scope: |3'I] |

From R1 push the traffic for 172.16.0.0/24
through the TE tunnel




R3 routing (upload traffic)

Route List [={E3

b= v % O T | Find NEERE
Dst. Address / | Gateway \Distance | Routing Mark | Pref. Source |+

AS I 0.0.0.0:0 traffic-eng-upstream-1 reachable 1

DAC I=10.1.1.0/259 bonding 1 reachahble 0 10113

DAc  F10.1.20/29 T

DAo B 10.1.2.0/29 Route <0.0.0.0/0=

DAC P 10.1.4.0/29

DAC P 10.1.5.0/29

Do P 10.1.6.0/29

DAC I=172.16.0.0/24

Do I=192.168.1.1

Do I=192.168.1.2

DAC I=192.168.1.3

DAo 19216814

From R3 push all traffic
through the TE tunnel



Final checks and test

Check if DNS is working on all routers
Check that MPLS TE opaque LSAs exist
Check if you need NAT on the border

Test if it’s working from customer

Verify that tunnels are pushing traffic
correctly (only TX) and that reservations
are met on the bonding interfaces that
have the active paths attached



Customer test

Teminal

[2
#

O =] & o= L R

dmin@Management] » ftool traceroute mikrotik.com

ADDRESS
172.16.0.1
192.168.1.1
10.0.0.254
85.204,.99.149
81.183.1.104
80.81.194.165
155.13.224.86
159.148.147.196

[Q quit|D dump|C-z pause]

LOS5 SENT
0% 15
0% 15
0% 15
0% 15
0% 15
0% 15
0% 15
0% 14

LAST
0.2ms
0.3ms
0.6ms
5.4ms

20.5ms
68.9ms
70.5ms
68.2ms




R1 & R3 tunnels

Traffic Eng =l E3

Inteface  Tunnel Path  Path State Resv. State  Traffic Eng Interface |

e || = ||| 52 i Eing
MName i | Type L2 MTU | Tx Tx Packet (p/s) b

R 4ptefficengdownstreams3  Traffic Eng Interface | 65333 32kbps L

1 item out of 14

Traffic Eng

Inteface  Tunnel Path  Path State Resv. State  Traffic Eng |rrte-'fac=5|

=+ (=] =] & T Fing
MName i | Type L2 MTU | Tx Tx Packet (p/s) i

R . @trefiicengupstream+1  Traffic Eng Interface 65535 o 1968bps AN

1 item out of 8




Thank you!

Any questions?



Contact me

mihai.saftoiu@tier.ro

+4 0751-160-169


mailto:mihai.saftoiu@tier.ro

