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CASO DE ESTUDIO:

VIRTUALIZACION DE ROUTEROS ORIENTADO A LA ENSENANZA DE
REDES DE COMUNICACION BASADAS EN MIKROTIK.

plementacion en ambientes de virtualizacidén del sistema
operativo RouterOS orientado a 1la ensenanza de redes vy
comunicaciones basadas en MikroTik, permitiendo a los estudiantes
simular escenarios reales de implementacion y resolucidon de
problemas.

Ing. Juan Casierra Cavada
Docente Redes y Comunicaciodn
Pontificia Universidad Catélica del Ecuador
Sede Esmeraldas

Argentina. 10 de Noviembre 2015



ANTECEDENTES DEL CASO

LABORATORIO DE REDES
UNIVERSIDAD

Equipos especializados para las
diferentes practicas a realizarse en
el transcurso de la ensenanza.

Restriccion del acceso en 1o
diferente a horarios no académicos.

Multiples estudiantes 1interactuando
en la configuracidén de los equipos.

Perdida de tiempo en carga y descarga
de informaciodn

Posibles danos de puertos fisicos en
proceso de conexion y desconexiodn



Virtual Box seleccion de ISO Routeros
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@0
Nombre:

Sistema operativo:

m Sistema

Memoria base:

Orden de arranque:

Aceleracidn:

Pantalla

Memoria de video:

Servidor de escritorio remoto:

Captura de video:

Oracle VM VirtualBox Administrador

- Instantaneas

.@, Previsualizacion
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Linux 2.6 [ 3.x [ 4.x
(32-hit)
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VT-x/AMD-Y,
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Paravirtualizacidn
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12 MB
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Inhabilitado
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- P
W Musica *  MNombre Fecha de modifica..  Tipo ™
B Videos J netscan L3/ 172014 e warpet
15, Disco local (C) J Siemem Carpet
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Software de virtualizacion

Sistema _O_perativo




VIRTUALIZACION DE INTERFACE DE RED

i
i 0] Oracle VM VirtualBox Administrador - O

W= I | =
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Mueva Configuracién Descartar  Inmiciar

... ® Creacion de interfaces
" — i de red virtuales con la

Sistema operativo:  Linux 2.6 f 3.x J 4.x |

(32-bit)

- o 7 ‘I‘
RB750 - Configuracion c |C :I C n |C U e n e °

Memoria base:

Orden de arrangue:

L General | Red
Aceleracién:
Sisterma Adaptador 1 Adaptador 2 Adaptador 3
' e —— Pantalla Habilitar adaptador de red

Conectado a: |NAT -

— » Se comparte el medio
E fisico con interfaces

Puertos serie
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Memeoria de video:
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| Captura de video:
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INSTALACION I1SO ROUTEOS

Welcome to MikroTik Router Software installat

ove around menu using ‘p’ and ‘n’ or arrow keys, select with
r r

Select all with 'a’, minimum with 'm’. Press i’ to install 1
ancel and reboot.

[X] =system [X1 ipvb [X]

[X1 ppp [X]1 isdn [X]
[X]1 dhcp [X]1 kvm [X]

[X¥]1 advanced-tools [x%1 lcd [X]
[X]1 calea [X] mpls [X]
Eii ggispnt Ei} :::;t lcast [x1 o admin@192.168.0.20 (MikroTik) - WinBox v6.24 on x86 (i386) - 0O
Lol Safe Mode v Hide Passwords [l
Ay Quick Set
1 CAPsMAN
N lntedaces RouterOS Welcome
. . . 5 Wireless [ROUTER HAS NO SOFTWARE KEY
D - dynamic, X - disabled, R - running, 3 - slave B":ek OUER AN O E
NAME TYPE ACTUAL- Fics ;
i #2 PPP |Your router does not have any valid key
etherl ether 1 - Please, get valid key from www mikrotik.com
ether? ether 19 & Mesh and enter t at “System | Licen
ether3 ether 14 g IP F you allr;ag h;:.- Dadic:vrth:‘u\cfhsje:Ev’ease
Et}lEI“l EthEl" . x4 1_{)..,5 press  Upcate y in ICense YYinoow
MPLS Router will stop functioning after 23h and 50m i no valid key is entered
4 Routing (Current installation "scftware ID": LORE-ALYL
1 > System
SErVEDrS @ Queves
dynamic—-servers: Fies
allow-remote-requests: no || Log
max—udp-packet-size: 4896 % Radius - s
- cense
gquery-server—-timeout: Zs o] < Tools !
query-total-timeout: 18s i3] 8 New Teminal
cache-size: Z048KiB ISDN Channels
cache-max—ttl: 1w

R 74 KVM

cache—-used: 8KiB



ROUTEROS EN EJECUCION

= Rre750 H & ® Tmagen ilustra los diferentes
@ Corriendo Nombre sistemas RouterOS habilitados.
RB751 Sistema
& Corriendo m =
- o ® [Ejecutandose cada uno con su
Acslera interface virtual corriendo sobre 1la
RB750 [Corriendo] - Oracle VM VirtualBox - O fisica.
T} 1 > admin@192.168.50.1 (MikroTik) - WinBox v6.24 on x86 (i386)
Flags: X — disabled, I - invalid, D - dynamic
# ADDRESS NETUWORK INTERFACE PRy =l
@ 192.168.18.1.24  192.168.10.8  ether2 ——— =
1D 10.8.5.22-24 10.8.5.0 etherl =
re: |56 Stop
1> —_ Timeout: | 1000 ms | Close
RB751 [Corriendo] - Oracle VM VirtualBox - B Frtocd: lom 2 [ ow Window
1 |344
Use DNS
] > Count b
lags: X - disabled, I - inwvalid, D - dynamic o .
i ADDRESS NETWORK INTERFACE
a 192 .168.18.2-24 192 .168.18.8 etherl Addros e
1 192 .168.28.1-24 192 .168.260.8 ethersd Intedace 7
1 > _ DSCP -
ng Table =
RB752 [Corriendo] - Oracle VM VirtualBox - : = = :
Host Loss | Sert Last Avg. Best Worst | Std. Dev. |History Status -
5 186421821, 19216833178 228% 83 timeout 34 27 9781 158.7 Il host unreachable from 152.1 53.1..1"‘
6 31 C 192.168.33.178 21.7% 93 timeout 375 29 9664 1570 Il host unreachable from 152.1
1> B10182282 110, 1921683 217 Sumed 467 52 %96 1528 e wrreochatiefom 192 1
l.ElgSZ x — diSﬁbl-Ed, — i“Uﬁl-id; D — dgl]al‘flil:: 9]5'\1‘22‘1 189, 192.168.3 22!:., 82 timeout 1[:-.-'. 793 9778 1423 Ercﬁ.nr»ahable from 152.168.33.178
#  ADDRESS NETWORK INTERFACE 111015205182 19216853 228  Sumens 1195 B8 503 11 :?Zi'“m'ri:“'h:ﬂé'r;"':1’;5'?5”‘?‘
0 192.168.20.2,24  192.168.20.0  etherl R AT B T - ea—— T
1 192 .168.38.1.-24 192 .168 .38 .4 ether? 14 8.8.6.8, 192.166.33.178 22.8% 52 timeout 1325 B85 9845 2007 11 hest unreachable from 132 168,33, 178 *
line 2 of 2> _ e 2

weionado 5S30KB



PROCESO DE COMUNICACION ENTRE MEDIOS
FISICOS Y VIRTUALES EN LA SIMULACION




PRACTICA EN PROCESOS EDUCATIVOS EJECUTADOS
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Proceso ejecutado en un pc explotando recursos VM




RECUPERAR LA OPERATIVIDAD DE LA RED

‘ Rl

VC/"O?SI'Z&;.@'

@192. sh.1/2a | I |
A= 4 AN }——192.168.0.0/24
x < D j f ||

RB750

@ 192.168.0.1/24

RouterOS
Servidor Citrix
Xen Server




ROUTEROS Y CITRIX XEN SERVER
EXPORTAR SERVICIO VIRTUALIZADO

-

LT Oracle VM VirtualBox Administrador = =
Archive | Maquina Ayuda

Preferencias... Ctrl+ G
| {=3 Detalles | (& Instantneas (1)
Importar servicic virtualizado... Ctrl+|
Exportar servicio virtualizado... Ctrl+E . A
[E  previsualizacién
Adrninistrader de medios virtuales.., Ctrl+D
Administrador de operaciones de red... ) [ 3. [ 4 (32-bit)

Comprobar actualizaciones...

Reiniciar todas las advertencias

Uro, Disquete, Optica
Salir Ctrl+Cy  MD-V, Paginacidn anidada,
jalizacion KvM

Jd PRewRE @9

1 MIKFOTIK Z GN.)
; @ Apagada
mikrotik 3 (GN...)
Z.E @ Apﬂgﬂdﬂ Pﬂ“tﬂ“ﬂ
R ) ) Memoria de video: 12 MB
mikrotik 4 (GN...) Servidor de escritorio remoto:  Inhabilitado
26| (@) Apagada Captura de video! Inhabilitado
[T Proxmiox Almacenamiento
2.6 Apagada
@ pad Controlador: IDE
o IDE secundario maestro:  [Uniada optica] mikrotik-6.32. Z.iso (Inaccesible)
vimware Controlador: SATA
26| (@) Apagada Puerto SATA O rikrotik, wdi (Mormal, 8,00 GB)
B~ citrix {7 Audio
26| (@) Apagada

Controlador de anfitridn:  Windows DirectSound
Controladar: ICH AC97

=P Red W

Exportar un servicio virtualizado (=Appliance=) fuera de la MV de VirtualBox @




ROUTEROS Y CITRIX XEN SERVER
EXPORTAR DE VIRTUALBOX EN FORMATO *.ova

Exportar servicio virtualizado
Maquinas virtuales a exportar Prefrencas de servidio virtualizado
E citrix Descripcion Configuracién
= . -
mikrotik

Sistema wirtual 1

o mikrotik 1
mikrotik 2 @@ Nombre mikrotik

24 mikrotik 3 & Producto

rikrotik 4 @ URL del preducto

Iﬂ Proxmox i
[zl RBOT & Vendedor
@ WImware @ LURL del vendedor

@ Yersion
& Descripcion

@ Licencia

Preferencias de almacenamiento

Archivo: | C:\Users\password\Documentsmikrotik. ova E
Formato: |OVF 1.0 h

[ ] Guardar archivo Manifest

Modo guiado | Restaurar valores predeterminados Exportar Cancelar




ROUTEROS Y CITRIX XEN SERVER
IMPORTAR EN SERVIDOR CITRIX

6 Import OVE/OVA Package - o BB

% Locate the file you want to import 9

Enter the pathname of an exported WM or template, an OVF/OVA package or a virtual hard disk image file or

EULAS click Browse to find the file you want.,

Location
Filename: | C\Users\password'\Desktop'\Escritoricmikrobmikrol.ovf Browse...
Storage
Metworking
Security

05 Fixup Settings

Transfer VM Settings
Finish

CiTRIX'

Mext = Cancel

\\



COPIA

Gateway:

10.1.1.254/24

10.1.1.0/24

Ether 1
Address: 10.1.1.40/24

Ether 2
Address: 152.168.0.1/30

M-1

152.168.0.0/30

Etherz
Address: 152.168.0.2/30

102 .15E8.0.4/30

Etherl
Address: 152.168.0.5/30

M-2
\ W\

Address: 192 168.0.6,/30

VIRTUALES

Etherz
ddress: 192 166.0.17/30

152 168.0.16/30

Etherz

Address: 182 168.0.1E/30
Ethari

Address: 192.188.0.21/30

Ethari
Address: 192.163.0.14/30

M-6

152.168.0.12/30 102.168.0.20/30

Etherl
Address: 192.188.0.22/30

Etherl
Address: 182 168.0.13/30

Etherz
Address: 152.168.0.25/30

Etherz
Address: 192 168.0.10/30

M-4

152.168.0.8/30 192 16HD.24/30

Etherz

Address: 192.168.0.8/30 Ether2

Address: 152.168.0.26/305

Etherl

CONFIGURACION DE MAQUINAS

Etherl
Address: 182 168.0.30/30

Etheri

Address: 192.168.0.29/30

PC



MAQUINAS VIRTUALES EN EJECUCION CON
CONFIGURACIONES ESPECIFICAS

[ ] XenCenter
File  View Pool Server VM Storage  Templates Tools  Window  Help
e Back - Forward - @ Add Mew Server Mew Pool -] Mew Storage H Mew VM @ Shut Down % Reboot 1‘_) Suspend
Views: | Server View v [ Servidoré
Search p Search | General Console | Performance | Users

Mermory | Storage | Networking | NICs

= ﬁ XenCenter

Servidore Overview

E. servidor3

E. Servidord

S =Y servidors|
[ M-1

@ M-4 =

@ ubuntu

[[& UBUNTU_1
= DVD drives

B 1508
= 1508

i Local storage
% Remowvable storage

Search Options *

Mame

E Servidort
Default install of XenServer

M-1
Imported from an OVE/OVA pac...
M-2
Imperted from an OVE/OVA pac...
M-3
Imported from an OVE/OVA pac..
M-4
Imported from an OVE/OVA pac...
M-5
Imperted from an OVE/OVA pac...
M-6
Imported from an OVF/OVA pac...
M-7
Imported from an OVE/OVA pac...
M-8
Imperted from an OVE/OVA pac...

P

CPU Usage Used Memory

46% of 2 CPUs

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

3% of 1 CPU

Legs

Disks
[avg / max KB

3970 of 40558 MB

KenServer Toels not it

KenServer Tools not it

KenServer Tools not it

KenServer Toels not it

KenServer Tools not it

KenServer Tools not it

KenServer Toels not it

KenServer Tools not it




Sessions  Settings

ACCESIBILIDAD DE LOS SISTEMAS VIRTUALES DESDE

© admin@192.162.0.1 (M-1) - WinBox v6.2...

Dashbeoard

]

WINBOX

8.0.5 (M-2) - WinBox v6.2...

Dashboard

[][<]
; Quick Set
1 CAPsMAN
8 Interfaces
3 Wireless
E‘E Bridgs
=g PPP

“13 Mesh

51 1P

(=51 IPvE

<" MPLS

ﬁ Routing
System
g Queues
Files

L Log

ﬂ. Radius
X“ Tools

Mew Teminal
ISDN Channels

=5 Kym

| & Make Supout.if

& Manual

@ New WinBox

= == = Z| =

List

[#[[=] [~][=]

(]

ashboard

0.9 (M-7) - WinBox v6.2...

(]

| sessond 15216505

&

Session

il
= E

| Address

+ [ Networkc

+ | Network

[Fing__|
[Intes ¥

+ [ Network

[interf|

o Wan
P 10.1.1.40/24
kan

10.11.0

192.168.0.1/30 192.168.0.0

alan

T ‘:331921631]2}30 152.168.0.0

T 192.168.0.5/30 152.168.0.4

ether2
wmlanl
etherl

‘:3319216806.-’30 152168.0.4

“ﬁ’ 1592.168.0.9/30 192.168.0.8

etherl

ether2

).13 (M-4) - WinBox v6....
shboard

Session:[152.163.0.13

G
[=E

=] [z o) 7]

| Address + | Networkc [Inter
o Wan
r192.168.0.10/... sther2
i Lan
©r192.168.0.13/.. 192.168.0.12

192.168.0.8

etherl

*

+

o [

[»

0l [ [»

2 items

© admin@192.168.0.29 (M-8) - WinBox... —

~ || 2 tems

5 (M-7) - WinBox v6.24 on ...

oard

2 items

board

A% Quick Set
1 CAPsMAN
A Interfaces
3 Wirsless
E‘E Bridge
=8 PPP

“I5 Mesh

lzg=l P

Address List

[+][=] [~][=]

hd

Sessions  Settings  Dashboard

Hress List

=] (][] [=] [¥]

21 (M-6) - WinBox v6.24 ...

(]

MO Sesson{152168021)
= E3

[ :| Session:
I----ﬁﬂ

| Address 7 [Network [ | | | Address [ Network |intefid ¥ |Mdre55 7 [Network [Intef »
- Wan =5192.168.0.22/30 192.168.020  etherl - Wan

%192 168.0.26/. 192168026 e | | T192168.0.25/30 192.168.0.24  |ether2 -%-192 168.0.18/30  192.168.0.16  ether?
o Lan siLlan

9192168029/ 192.168.028  etr ©5192.168.021/30  192168.020  ether!

2 items

38.0.17 (M-5) - WinBox ...
Dashboard

uG

A =]
[+][=] [2][x=] [2] [¥] [Fn
| Address /[ Network [~
o Wan
R152.168.0.14/.. 152168.0.12 ethe,
wilan 1
P192.168.017/.. 192.168.0.16 ethe,
| | [»
P 2items




TRAFICO DESDE HOST CONECTADO A ROUTEROS

'l Organizar~ Limpiar descargas

b (1) Historial
% Desca rgas

e
|

ubuntu-14,04.3-desktop-amded(B) iso

S horas, 48 minutos restantes — 2,2 MB de 1,0 GB (25,3 KB/seg.)

P Todos los marcadores

|1h
.-

|1t
W

|1t'
|

|.‘.L'
= W

. -

|1t
|

ubuntu-14.04.3-desktop-amdbd(5).iso

11 horas, 34 minutos restantes — 1.8 MEB de 1,0 GE (25,4 KB/seq.]

ubuntu-14.04.3-desktop-amd&did).iso

12 horas, 42 minutos restantes — 1,9 MEB de 1,0 GE (23,9 KB/seg.)

ubuntu-14,04.3-desktop-amd&d(3).iso

12 horas, 32 minutos restantes — 1.5 ME de 1,0 GE (18,7 KB/seq.]

ubuntu-14.04.3-desktop-amd&d(2).iso

12 horas, 25 minutos restantes — 2,0 MEB de 1,0 GE (20,4 KB/seq.]

ubuntu-14.04.3-desktop-amd&d(1).isc

11 horas, 1 minuto restantes — 2,1 MEB de 1,0 GBE (23,9 KB/seq.)

ubuntu-14,04.3-desktop-amded.iso

& horas, 43 minutos restantes — 4,6 ME de 1,0 GE (40,2 KE/seq.)

EN CITRIX



PERFORMANCE DE SERVIDOR CITRIX CON 8

ROUTEROS EN LINEA.

XenCenter

Y >

File View Pool Server WM

Storage  Templates Tools Window  Help

e Back - O Forward ~ @ Add New Server

MNew Pool @ Mew Storage ﬁ New VM

@ Shut Down % Reboot U Suspend

+f No System Alerts

Views: | Server View

v |

D Servidors

Logged in as: Local root account |

Search...

= ° HenCenter

E servidor3

E Servidord

E]=Y servidord|
[ M-1
@ m-2
[ Mm-3
[ Mm-4
@ m-5
[ Mm-6
@ m-7
[ M-8
@ ubuntu
[ UBUNTU_1
5 DVD drives

£ 150s
1 150s

Local storage
g Removable storage

| Move Up || Move Down || Actions 'l

le | Performance | Users | Logs

VM Lifecycle Events

CPU Performance
— CPUD
— CPU1
716 PM
MNetwork Performance
1 = MIC 0 Receive
= NIC 0 Send
- = MIC 1 Receive
4 MBps NIC 1 Send
| — — 0
T:16 PM T:18 PM T:20 PM T:22 PM T:24 PM
1 = MIC 1 Receive
MIC 1 Send
A = MBps
|I 0
716 PM T:18PM T:20 PM T:22 PM T:24 PM
6:30 PM = 7:00 PM

@ Mov 4, 2015 6:49 PM
@ Nov 4, 2015 6:49 PM
@ Mov 4, 2015 6:49 PM
@ Nov 4, 2015 6:49 PM
@ Nov 4, 2015 6:49 PM
(@ Nov 4, 2015 6:48 PM
@ Nov 4, 2015 6:48 PM
@ Nov 4, 2015 6:48 PM
@ Nov 4, 2015 6:43 PM
@ Nov 4, 2015 6:48 PM
@ Nov 4, 2015 6:43 PM
@ Nov 4, 2015 6:43 PM
@ Nov 4, 2015 6:48 PM
@ Nov 4, 2015 6:47 PM
@ Nov 4, 2015 6:47 PM
@ Nov 4, 2015 6:47 PM
@ Nov 4, 2015 5:53 PM
@ Nov 4, 2015 4:41 PM
D Nov 4, 2015 425 PM
B Nov 4, 2015 4:20 PM
@ Nov 4, 2015 4:18 PM
@ Nov 4, 2015 4:13 PM
@ Nov 4, 2015 4:03 PM
@ Nov 4, 2015 3:58 PM
@ Nov 4, 2015 3:55 PM
@ Nov 4, 2015 3:54 PM
@ Nov4, 2015339 PM

04/11/2015



PERFORMANCE DE ROUTEROS VIRTUAL Y EN LINEA.

[x) XenCenter - 9

File  View Pool Server VM Storage  Templates Tools  Window  Help

e Back - o Forward - @ Add New Server MNew Pool MNew Storage ﬁ MNew WM @ Shut Down Qz} Reboot o Suspend @ Force Shut down % Force Reboot v Mo System Alerts

Views: | Server View '| [ M-1on “Servidoré' Logged in as: Local root account |

Search... p General | Memory | Storage | MNetworking I Console | Performance | Snapshots | Logs

= ° XenCenter
E servidor3
E Servidor5

= [ servidors Movelp | Move Down VM Lifecycle Events

Performanc

@ A | | @ Nov 4, 2015 6:48 PM
@ m-2 CPU Performance : : : : @ Nov 4, 2015 6:47 PM
@ m-3 100 — CPUD ' ’
@ M-4 @ Mov 4, 2015 254 PM
@ M-5 o @ Nov 4, 2015 3:36 PM
[ Mm-6 @ Nov 4, 2015 3:04 PM
%MJ @ Nov4, 2015 2:52 PM
M-8 0
e .
@ ubuntu 7:20PM 7:22 PM 7:24 PM 7:26 PM 7:28 PM © Nov4, 2015.2:51 PM
@ UBUNTU_1 @ Nov 4, 2015 2:51 PM
Q DVD drives @ Mov 4, 2015 2:44 PM
g 150s Te view memory data for this VM, you need to install XenServer Tools @ MNov 4, 2015 241 PM
150s

@ Nov 4, 2015 237 PM
@ Nov 4, 2015 2:26 PM
@ Nov 4, 2015213 PM
(@ Oct 30, 2015 6:12 PM
(@ Oct 30, 2015 9:48 AM

Local storage
Q Removable storage

Metwork Performance

— Metwork 1 Receive -
= Metwork 1 Receive

— Metwork 1 Receive

= Metwork 1 Receive

= Network 1 Send

= Metwork 1 Send v
T:20 PM
Disk Performance
1 ~ Disk 0 Read
= Disk 0 Write W

6:30 PM /\ 7:00 PM

19:29
04/11/2015




GESTION DE REDES
MONITOREO SNMP

THE DUDE LORIOT-PRO

:'." - TOOLS CONFIGURE WINDOW HELP
Fes oa0am oo .
{3 Furctors E &R b W AR @ &% B
| vy Noermy hBar MIB Bar Directory  MIB Output  Events = MiniMap MIB Tree  Report Center | Routers  Services Tasks =
Lrwes M M|
8 Lep -
1 Avaen * MiniMap - 2 x | Agent Name 1P address SysName
Ll bt __I
] Emne .
E1 Sy J E— E3
[ > Moden 2 LoriotPro - Intermetw,. (S=hi=) |
o .
3 Neweas Mage ViewmlnsertmSupenisemOptionsmHelp x
5 Loce 3 » Il tSemi b
TN AR e fre VAT DT T @ P
) Noohcaners 483183 204.0
Atages "E
= feree \
ﬁ.)-m'_‘?“"‘. ‘ Bl AR W . =
s PINI D WA I8 A10 26 SIEmILY I - . BTt 0
F;] ot !
) e e
M roe
St Deil (WOG) o e
;"” o S 4w 1% e B o - k2
£ T T Te: & b <[l »
‘ \ / 14 b Mini Map « i v %
Syslogs v X
u TimeStamp Agent Facilty  Level Alert
159 L3R 147 I

e N A TS . ' ’

7 syslogsiGlobal) | g syslogsit) | g Systoasiz) | Nl Syslogs@)




MONITOREO CON SOFTWARE THE DUDE DE
PLATAFORMA VIRTUAL CON 8 ROUTEROS EN LINEA

admin@Ilocalhost - The Dude 3.6
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MONITOREO CON SOFTWARE LORIOTPRO DE
PLATAFORMA VIRTUAL CON 8 ROUTEROS EN LINEA
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NIVEL DE EFECTIVIDAD EN LO ACADEMICO.

® | 0s procesos generados desde ambientes virtuales no
remplazan al 100% las practicas con equipos fisicos,
pero si permiten el desarrollo de un 90% mas de
practicas en la especialidad, generando posibilidades
de tener un laboratorio en casa.

Se logro incrementar un 70% de practicas adicionales
a las presenciales en los laboratorios
especializados, asi como abrir un horizonte a las
tendencias de virtualizacién de componentes en
hardware bajo software especializado.
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MikroTik User Meeting

» Gracias.

casierrajuan@hotmail.com




