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31
(routing protocols) IP
P
® TCP/IP |P Address
o VLSM (route summarization)
[ (routing protocols) EIGRP(Enhanced Interior
Gateway Routing Protocol) OSPF(Open Shortest Path First)
BGP(Border Gateway Protocol)
3.2TCP/IP |P Address

IP 1981 32

- ClassA Class

B ClassC ClassD ClassE

Class A : 1.0.0.0 ~ 126.255.255.255

Class B : 128.0.0.0 ~ 191.255.255.255



16 16

Class C: 192.0.0.0 ~ 223.255.255.255

24 8
Class D : 224.0.0.0 ~ 239.255.255.255
(multicast)
Class E : 240.0.0.0 ~ 254.255.255.255
P

IP

(IPversion6 128 )
Subnet masking

RFCs950(1985) RFCs 1812(1995) IP
(subnet) IP
IP

Address allocation for private Internets

RFCs1918(1996)  IP IP



10.0.0.0 ~ 10.255.255.255

172.16.0.0 ~ 172.31.255.255 192.168.0.0 ~ 192.168.255.255

Network Address Trandlation(NAT)

RFCs 1631(1994) private IP NIC(network

information center) public IP

Hierarchical addressing
IP
Variable-length subnet masks(VLSMs)

RFCs 1812(1995)

VLSM OSPF
EIGRP
Route summarization
RFCs 1518(1993) IP IP
IP
Classless interdomain routing(CIDR)

RFCs1518 1519(1993) RFCs2050(1996) ISP

|SP P

ISP



3.3 VLSM

331 VLSM

172.16.14.132/30
172.16.1.13/24
172.16.14.136/30 ™~
( W 172.16.12.0/20
B HO

/\/—\\ 172.16.2.12/24

( 172.16.14.96/27 172.16.14.140/30

4-1
VLSM IP
4-1 HQ A B C
A B C 25 172.16.0.0/16
IP
172.16.0.0/16 124 172.16.14.0/24
127 172.16.14.128/27 /130



172.16.14.32/27 A 172.16.14.64/27
B 172.16.14.96/27 C 32 IP(30
) 172.16.14.132/30 172.16.14.136/30

172.16.14.140/30 WAN P

172.16.12.0/20

4-1 A HQ

34 (routing protocols)

(static route) (dynamic route)

EIGRP(Enhanced
Interior Gateway Routing Protocol) OSPF(Open Shortest Path First)
BGP(Border Gateway Protocol)

10



3.4.1 Enhanced Interior Gateway Routing Protocol (EIGRP)

EIGRP (distance-vector)
(fast convergence) 100% (loop free)
(easy configuration) VLSM (classless
routing) ( IP IPX AppleTak)
CISCO

3.4.2 Open Shortest Path First(OSPF)
OSPF (link-state)

(fast convergence) VLSM

OSPF

3.4.3 Border Gateway Protocol (BGP)
BGP (Autonomous system)
EIGRP
OSPF

BGP

11



BGP

3.4.4

(redistribution)
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Cisco Voice over FrameRelay ATM and IP

4.1 Dial Peers
411

(voice enabled router)

(E&M FXS FXO T1 PRI) 4-1

FXO FX5 T1/PRI TUPRI
: =z [é! :
E [
FXO FXs

FXO—Foreign Exchange Office
FXS—Foreign Exchange Station
E&M—Ear and Mouth
PRI—Primary Rate Interface

E&M E&m

4-1

FXO (PSTN , Public Switched
Telephone Network) (Central Office) FXS
E&M(recEive and

transMit Ear and Mouth)

Cisco 2600 3600 \oice

13



over IP( Vol P) MC3810

(multiservice access concentrator) Voice over Frame Relay(
VoFR) Voice over ATM( VOATM) E&M FXO
FXS voice-port
FXO FXS IP E&M
PBX (Private Branch Exchange, )
E&M

_PBX Volee Port  10,18.0.216

74 s P
— = _{'{Inud’)’

(408) E27-4000 {408} 527-.... (408} 527-..... E::;iﬁ:nmn:m
Volce port configurations made to R1: _—
routericonl lguzw terminal __d___,..--""'-_'-r
router (config)@vales=pare 1/0/0 4 . _ _
routes [config-veiceport | signal sink-meary & Enabls wink-stan signaling
router (config-volceport#operaticon  doyire

| souter (config-volceparelityps 1 % \\

\ Bpeciles 2-wire winng schemae

Enables EEM Type | wiring scheme

4-2
4.1.2 Dial Peers
Dia Peer (addressable call endpoint)
(router)
(call leg) dia peer POTS
voice over( VoFR VOATM VoIP) dial peer POTS dial peer

(forward)

14



voice over dia peer
4-3

The YoFHR, YoATM, or
VolP dial peer tells the
source router the
destination rouler’'s
network address

Telephony
Device

/ ¥
L Vaoice Capable
m Routar

Packet |

Network
i Cloud

Voice

over
{i.e., FR, ATM, IF}

The POTS dial pear tells
the destination router
which vaice port to forward
incaming voice packets

4-3
4-4 Cisco 2600 3600 POTS dial peer
dial-peer voice 1 pots R1 dia-peerl POTS did
peer 1
destination-pattern 14085274000
14085274000

port 1/0/0 1

0 0

15



Drial Poar 1

L&

{408) 52 7-A000 (40d) 527-....

Cenfiguration tor dial peer 1 on R1:

dial-paar voica 1 pets
dastination-pattaern 14085274000

port 1/70/0
4-4
voice over dial peer 4-5  VolP dia peer
dial-peer voice 2 voip 2 voipdia peer
destination-pattern 1214444.... R1
1214444 ... 0O 9
session target ipv4:10.18.0.1 R2 IP
[Hal Pear 1 [l Pear 2
:I';;En Puart 10.18.0.1
7 = P
ﬁ @_ JW@
(A08) 5274000 (404] B3T-___ (2714} 344-....

Configuration for dial peer 2 on R1:

dial-peer voice 2 wvoip
destination-pattern 1214444....
seesion target ipvwd4:10.18.0.1

4-5

(end-to-end)

16



dia peer pots dial peer voice over dial
peer(VoFR  VOATM  VoIP) 4-6
Diat Poor 1 Dial Peer 3 it Poer 2 Dt Procr 4
2 :';:el-‘g-tle_ 10.18.0.2 J1I'J u.n.1_‘_ ilfro-nlfltpol‘t
L) & i LY
{d08) 527-4000 {408) 527-._.. (214) 444 (214) 444-1234

Configuration made on R1:

o

Configuration mada on H2:

dial -pear wvoice 1 pols

port 1/0/0

dial-pasr wolece 2 waip
destination-pattern 1214444..
mession target ipwd:10.18.0.1

destinaticon-pattern 14085274000

dial-paer vaioce 4 pols
destination-pattern 12144441234
port 17041

dial-peer volce 3 wvoip
destination-pattern 14085274000

session target ipwd:10.18.0.2
e Ay e S e e e e e |

4-6
voice over dial peer 4-7
i 1‘-’nim= Parl  40.18.0.2
N bl %‘“ P
L_O : Cloud

Call connectivily (408) 5274000  {408) 527-....
betwoen dial peer 1
and dlal paer 5 Vabkee Por

ll_{}am

Configuration made on router 1:

{40R) RIT-A001
Dial Paser &

* No VolP dial peer required to
place calls to telephony
devices on same router

4.2 MC 3810

4.2.1 VoFR

17

dial-pasar voice 1 pots
destination-pattero 14085274000
port 1/0/0

dial-psar volice 5 pots
destipation-pattern 14085274001

port 17071
T P o i O i NG

4-7

Voice over Frame Relay

(call setup signaling)



VoFR

PV C(Permanent Virtual Circuit) Frame Relay
( )
( )
4-8
(1) Dialed Digits (4) Telephone

Translated to PVC AL Rings

o 1 P e G
! Frame Relay G
@ _l Network 3 i i-
. Call Setup and Control
! along PYC
i /]
s T
{2} Call Setup ~——"  [3) Confirm Packet
Frame Sent
4-8
522 VOFR
Frame Relay (delay variation)
VOFR
1. Frame Relay (data frame)
(time-sensitive) (voice frame)
FRF.12
2. (Priotization)

18



3. PVC CIR(Committed Information Rate)

5.2.3MC3810 Voiceover Frame Relay
MC3810 (multiplexing)
MC3810
6 (compressed)

(TVEL) 24

T1ET TDM  Cisco ]

or TIE!  MC3810 -
Serial Frame NxBak e
/Flalay' —_—

PSTN ISP Ei F.E:i,

Headquarters

Regional Office

VoFR dia peer
( 410 session target Seria0 150 Seria0

DLCI(Data Link Connection Identifier) 150 FrameRelay PVC

19



1 el Py ¥
H'I CHak pﬂw
Voie P l
s 150 150 snﬁ ~;:T:ﬂ rord

H2 Diat Peer 3

11 Frame

(408} 5551111 I

(A0 S Dial Peer 4

Cisco 105 Contiguration on R1

{214) 444-2222

Cisco 105 Configuration on R2

dial-paer wvoloe 1 pots
degrination-pattern 14085551111

port 1/1 port 1/1

dial-peer voice Z wvofr
destination=pattern Lildd4d4d....
mesuion target Seriald LG40

4-10
4.3 MC 3810 Voiceover ATM
4.3.1 VOATM—
ATM
1.ATM (Quality of Service)

Constant Bit Rate)

2. (virtual circuit queue)
)
3. (cell)
43.3MC3810 VOATM
MC3810 (multiplexing)

TUEL

20

disl-peer voice 3 pats
destination-pattern 12144443223

dial-peser voice & wofr
destination-pakbern 14085551111
gegsion target Seriall 150

VOATM

(CBR,

(traffic stream)

ATM trunk



VC1—512k YBRNM,; LAN Data
VC2—256k VBRrl; 24 Voice Calls

VC3—760k CBR: Video - e

YC4—VOE B0k CBR: Voice Circuits

Video
I
Y ciseo Cisco W s,
MC3810 ATM MC3a10 -

Analog voice™..

or TUEL-" - \ ;
Digital [T G oA L @
e “ PSTN ISP J:},

—

e

Headguarters
Regional Oflice
4-11
4-12 Voice over ATM 4-13
ATM 52
"ATM PVC 27
Cigco L GEEO002
K30
Router 2
4-12

21



Configuration of MC3810 1 Router 1

Configuration of MC3810 Router 2

version 11.3

version 11.3

controller T1 0

controller T1 D

framing esf

framing esf

e

linecode bBzs

ir!terlai:e Ethernatl

linecode bBzs

interface Ethernetll

ip address 172.22.124.239 265.255.0.0

ip addrass 172.22.124.247 255.255.0.0

interface Serial2

interface Seral2

ip address 223.223.224.229
255.255.255.0

ip address 223.223.224.228
255.255.255.0

no ip mroute-cacha

no ip mroute-cache

encapsulation atm

encapsulation atm

neo ip route-cache

no Ip route-cache

map-group atm

atm pvc 26 26 200 aal5snap

map-group atm1

atm pve 26 26 200 aal5snap

atm pvec 27 27 270 aalSvoice 384 192 48

atm pvec 27 27 270 aalSvoice 384 192 48

no ip classless

no Ip classless

map-list atm1

map-list atm1

ip 223.223.224.228 atm-vc 26 broadcast

ip 223.223.224.229 atm-vc 26 broadcast

voice-port 111 login
voice-port 1/2 line viy 1 4
;aT:-:e-.parl 113 login
voice-port 1/4 | voice-port 111

dial-peer volce 1 pots

voice-part 1/2

destination-pattern 5551111

volce-port 1/3

port 11

dial-pear voice 2 pois

voice-port 1/4

dial-peer voice 1 pots

destination-pattern 5552222

destination-pattern 6669901

port 1/2

port 1/1

dial-peer voice 1001 voatm

destination-pattern 666....

dial-peer voice 2 pots

deslination-pattern 6663302

session target serial2 27

port 1/2

dial-peer voice 1001 voatm

destination-pattern 555....

session target serial2 27

4-13

22



5.4 2600 3600 Voiceover IP
5.4.1H.323 Vol P (protocol stack)
H.323 Vol P (ITU,
International Telecommunication Union)
P H.323

gateway gatekeeper MCU(multipoint control unit) terminal

= -

P s — —
f PSTN i {;_ISIIH “i
4-14
Cisco 2600 3600 AS5300 H.323 gateway
gatekeeper Vol P

Vol P

23



| Presentation G.729(A)/G.723(.1)/G.711

Session H.323/H.323Gatewa
Transport RTP/UDP/RSVP |

Network IPIWFQ/IP-

MLPPP/FR/ATM AAL1

4-15
H.245 (in-band)
(capabilities exchange) (logical channel signaling)

H.225.0 call control Q.931

(call establishment) H.323

RTP(Real Time Protocol) ( )
(payload type identification)

(sequence numbering) (time-stamping)

(delivery monitoring) RTCP(Real Time Control Protocol)
(feedback) (distribution)

RSV P(Resource Reservation Protocol) QoS

( )

24



4-4-2 Vol P (signaling)

Vol P
1. PBX( ) signaling PBX
(seize) (trunk line)
p— =
Internet g — =
Trunk Signaling
4-16
2. signaling Dia Plan Mapper
IP
H.323 (agent) Q.931 H.323
H.323 Agent H.323 Agent
~ .t.]:_.EIm _"l
Internet W.' EPHK
4-17
3. PBX( ) signaing

25



H.323 agent

PBX Q.931

PBX

H.323 Agenl
_ﬂ.'.]3‘|
Internai
y Trunk Signaling
4-18
4-4-3 RTP (header compression)
RTP link-by-link IPFUDP/RTP 40 bytes
2 bytes( UDP checksum ) 4 bytes( UDP checksum
)
Before RTP Header Compression
20 bytes B bytes 12 hytes  20-160 bylas
P uppP RTP Payload
1\"%1 Header '_.,-f"}
40 bytes
: * RTP header
After RTP Header Compression compression saves
2ordbytes  20-160 bytes bandwidth by
compressing packet
Header Payload headers
4-19
4-4-4 Vol P

26



Vol P : (Codec) ITU G729

G729 Payload 8 K bps
20Byte 50 20Byte* 8% 50=8000 bps IP
G.729 Payload IP (header)20 Byte UDP 8 Byte RTP
12 Byte  Payload 20 Byte PPP 6 Byte( PPP )
66Byte Vol P 66 Byte* 8* 50=264K bps
VolP Header overhead

Cisco Voice Gateway  VolP

80 Byte 80 Byte 13
80 Byte +20 Byte + 8 Byte +12 Byte +6 Byte =126 Byte

126 Byte*8*13=13.2 (Kbps) VolP

4-4-5\/oIP

4-20 IP

PBX E&M

27



172161123 1r216.65.182

Dial peer  Vaice port Woice port  Dial paer
1 POTS 1040 IP cloud 1/0/0 1 POTS

FHEX

Rouler 5J
—

N

Routar SLC PEX
- Y ]
——E

Dial peer Yoice port Valce port Mhal pear
2POTS 104 101 2P0OTS
San Jose Salt Lake City
{408) {801)

4-20
Router SJ Router SLC

Ricas=Lrismer == jcissor

'Configure polb=ss dial poeecr 1
dial-peser wvolce 1 pot=
dues=rtinactiocn-patitaern S55. . 0.

Eort L0000

IConfigure pots dial pesr 2
dial—peaar vwolca I pols
destination-patterm 555, ...
prear 17071

'Comfiouara vwaoalp dial poaoeares 3
digl-peser wvolce 3 walp
destination—-patioaro 1
geg=ion target ipwd 1

tConfigure the E&M interfacs
e e —prcar 10 0

signal imm=diats

mparation d-wiras

Cypes 2

volce-port 1/0/1

signal immediate
operation 4-wire
Lypa 2

onfigure Lhe serial interface

interface serial 0/0

descripbion serial interface Lype doe (provides clock)
clock rate 2000000

ip address 172.16.1.123

oo 2hutdown

28



Router SLC

nozthname =saltlake

IConfigure pots dial pesr 1

dial-pesr woice 1 pots
desztination-pattern 11%. ...
port Le0s0

IConfigure pots dial peer 2

dial-pear volce 2 pots
destination-pattern 11%....
port 1/0/1

IConflgure wvolp dial pesr 3

dial-pesr woics 3 wvoip
desztination-pattern 555, ...
session target ipwd:172,.16,1,123

IConfigure the E&M interiace
valcae-port 14070

signal immadiate

opaeration d-wire

type 2

volca-port L/0/0
slgnal lmmadlate
oparation 4-wire
type 2

IConfigure the =serlal interface

interface serial O4s0
dezcription serial interface type dte

ip address 172,.1&,6%, 182
no shutdows

29
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Voice over FraneRelay ATM and IP

(Internet Telephony)

(delay variation) Voice over Frame Relay
1. FRF.12
2.
3. PvC CIR(Committed Information Rate)
Voice over ATM ATM
VoATM ATM
(CBR)
(
) (cell)
Voice over |IP 1. QoS ( IP

Precedence 802.1p InterServ/RSVP DiffServ)
2. ( CODECs RTP Voice
Activity Detection) 3. (interleaving) ( Multi Link

30



PPP)

(Packet Residency)
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