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Internet Device
177.10.1.3

CMTS /
lo 0 -10.0.1.1/30 e
192.168.1.1

Cable Modem
NAT Router {acting like a bridge)

10.0.0.2 - Pri E0
192.168.1.2 - Sec

Host 1 Host 2 Host 3
10.0.0.11/24 10.0.0.12/24 10.0.0.13/24

FHEMNNEREER BB AREEPREL, BLAHBARKIRRSE (CMTS ) 2EHES , M
B AH B ARRRUNFNERE. RINHEHRPRESMNERSEHE(ISP)RERINEHREBNE
Miput  HEEIREBEMWEYHREESH, ISPARIVIRME T #1E192.168.1.2 , XMt T
BE, EREH—-SHERE , RINKIIB A=t (192.168.2.1 T 192.168.2.3 ) , X =itk
1t 2 NAT ¥ 10.0.0.0/24 SEE P E WL R T B

BER
RIHERZE -
. P& LR FrE A EB A A LAl Internet.
. EV2—EREB T IP#E192.168.2. 1Y B EX N £ EI3K .
- HFRIMNOENHREZS T AL |, BAIER 10.0.0.0/24 FMK# TR B o

HTAXE , RINRETNATHRASREE, BR , RIBISRIN - LEEFNAXNERREY
B,
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i nterface LoopbackO

i p address 10.0.1.1 255. 255. 255. 252

i p nat outside

!--- Creates a virtual interface called Loopback 0 and
assigns an !--- IP address of 10.0.1.1 to it. Defines
interface Loopback 0 as !--- NAT outside. ! | interface
Et hernetO i p address 192.168. 1.2 255. 255. 255. 0 secondary
i p address 10.0.0.2 255.255.255.0 ip Nat inside !/---
Assigns a primary IP address of 10.0.0.2 and a secondary

IP !--- address of 192.168.1.2 to Ethernet 0. Defines
interface Ethernet 0 !--- as NAT inside. The 192.168.1.2
address will be used to communicate !--- through the CM

to the CMTS and the Internet. The 10.0.0.2 address !---
will be used to communicate with the local hosts. ip
policy route-nmap Nat-loop !--- Assigns route-map "Nat-
loop" to Ethernet 0 for policy routing. ! ip Nat pool
external 192.168.2.2 192.168.2.3 prefix-length 29 ip Nat
i nside source list 10 pool external overload ip Nat

i nside source static 10.0.0.12 192.168.2.1 !--- NAT is
defined: packets that match access-list 10 will be !---
translated to an address fromthe pool called
"external". !--- A static NAT translation is defined for
10.0.0.12 to be !--- translated to 192.168.2.1 (this is
for host 2 which needs !--- to be accessed fromthe
Internet).

ip classless
!
!
iproute 0.0.0.0 0.0.0.0 192.168.1.1
ip route 192.168.2.0 255.255.255.0 EthernetO

I--- Static default route set as 192.168.1.1, also a

static !--- route for network 192.168.2.0/24 directly
attached to !--- Ethernet 0! | access-list 10 pernit
10.0.0.0 0.0.0.255 !--- Access-1list 10 defined for use

by NAT statenment above.

access-list 102 pernit ip any 192.168.2.0 0.0.0.255
access-list 102 pernit ip 10.0.0.0 0.0.0.255 any

/--- Access-list 102 defined and used by route-map "Nat-
| oop"” !--- which is used for policy routing.

!
Access-list 177 pernit icnp any any
!--- Access-list 177 used for debug.

!
route-map Nat-loop permit 10

match i p address 102

set ip next-hop 10.0.1.2

!--- Creates route-map "Nat-loop" used for policy

routing. !--- Route map states that any packets that
match access-1list 102 will !--- have the next hop set to
10.0.1.2 and be routed "out" the !--- loopback

interface. All other packets will be routed normally. !-
-- We use 10.0.1.2 because this next-hop 1is seen as
located !--- on the loopback interface which would
result in policy routing to !--- loopbackO.
Alternatively, we could have used "set interface !---
loopback0" which would have done the same thing. ! end




[NAT- rout er # |

AR FTEEHMERIAMEEIZREH10.0.0.2 , EINATIREEE, ISP #l CMTS %X EEZ|
192.168.2.0/29 ( 5[ NAT BHF ) W AUFEREHEERTUEEITHE , BARBRAZTBENHE
BRETHARBLEFN, EARHIG | CMTS 24 F 192.168.2.0/29 WEIEFR BB E NAT BH
B FERENZA IP #hik 192.168.1.2,

7~fl 1 show B debug d £ H

AP RENEETHEDEBACHEERES T EEET.

NTEREREBALUKREER , RIAEKE NAT BHEE £H debug MBMIER |, BT T LA
ping ik, FEEL I ping WA RRIMN , HAERBEEBERT EERENTER.

XX  EFEAdebugin B8l , BZ R A Xdebugin T EEEE.
Al —

FEE—RMHEF |, RIIMEREE X InternetP M8 ZpingEH2. Hidlk , HF—PERE
Internetd 9% & A AR SIP#E 1L 7 192.168.2. 1M EH2BE . U T ENATE AR EMdebugfi
o T NAT 28 LiZ1TH) debug 53 IESEFHE LMY access-list 177 #9 debug ip packet 177 1#
4{Z 2 , debug ip Nat 7 FHAE REREE K B E S 2H debug ip K.

LU 27 NAT $%H28 E#1T8 show ip Nat translation s $ L :

NAT-rout er# show ip Nat translation

Pro I nside gl obal I nsi de | ocal Qut si de | ocal Qut si de gl oba
- 192.168.2.1 10.0.0. 12 .-
NAT-r out er #

B ThM internet LHIRE ( EARTAIR N EE BT ) ping & 192.168.2.1 , IR :

I nternet-devi ce# ping 192.168.2.1

Type escape sequence to abort.

Sending 5, 100-byte |ICMP Echos to 192.168.2.1, tineout is 2 seconds:
Success rate is 100 percent (5/5), round-trip min/avg/ max = 92/92/92 s
| nt ernet - devi ce#

EEEFE NAT BRHSPERETHAER , HFSRET debug mHFAERE :

I P: s=177.10.1.3 (Ethernet0), d=192.168.2.1, len 100, policy match
| CVP type=8, code=0

IP: route map Nat-loop, item 10, permt

IP: s=177.10.1.3 (Ethernet0), d=192.168.2.1 (LoopbackQ), Len 100, policy routed
| CVWP type=8, code=0

!--- The above debug output shows the packet with source 177.10.1.3 destined !--- to
192.168.2. 1. The packet matches the statenents in the "Nat-loop" !--- policy route map and is
permtted and policy-routed. The Internet !--- Control Message Protocol (ICWP) type 8, code O
indicates that this !--- packet is an | CWP echo request packet.

I P: EthernetO to LoopbackO 10.0.1.2
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IP: s=177.10.1.3 (Ethernet0), d=192.168.2.1 (Loopback0), g=10.0.1.2, Len 100,
f orwar d
| CWP type=8, code=0

!--- The packet now is routed to the new next hop address of 10.0.1.2 !--- as shown above. |P:
NAT enab = 1 trans = 0 flags = 0 NAT: s=177.10.1.3, d=192.168.2.1->10.0.0.12 [52] IP:
s=177.10. 1. 3 (Loopback0O), d=10.0.0.12 (Ethernet0), g=10.0.0.12, Len 100, forward | CWVP type=8,
code=0 I P: NAT enab = 1 trans = 0 flags = 0 !--- Now that the routing decision has been made,
NAT takes place. We can !--- see above that the address 192.168.2.1 is translated to 10.0.0.12
and !--- this packet is forwarded out Ethernet 0 to the local host. !--- Note: When a packet is
going frominside to outside, it is routed and !--- then translated (NAT). In the opposite
direction (outside to inside), !--- NAT takes place first.

I P: s=10.0.0.12 (EthernetQ), d=177.10.1.3, Len 100, policy match

| CWP type=0, code=0
IP: route map Nat-loop, item 10, permt
I P: s=10.0.0.12 (EthernetQ), d=177.10.1.3 (Loopback0), Len 100, policy routed

| CWP type=0, code=0
I P: EthernetO to LoopbackO 10.0.1.2
!-—-- Host 2 now sends an ICMP echo response, seen as ICMP type 0, code 0. !--- This packet also
matches the policy routing statements and is !--- permitted for policy routing. NAT:
s=10.0.0.12->192.168. 2.1, d=177.10.1.3 [52] IP: s=192.168.2.1 (Ethernet0), d=177.10.1.3
(Loopback0O), g=10.0.1.2, Len 100, forward |ICWP type=0, code=0 |P: s=192.168.2.1 (Loopback0),
d=177.10.1.3 (Ethernet0), ¢g=192.168.1.1, Len 100, forward | CW type=0, code=0 |IP: NAT enab =1

trans = 0 flags = 0 /--- The above output shows the Host 2 IP address is translated to !---
192.168.2.1 and the packet that results packet is sent out loopback 0, !--- because of the
policy based routing, and finally forwarded !--- out Ethernet 0 to the Internet device. !--- The
remainder of the debug output shown is a repeat of the previous !--- for each of the additional
four | CWP packet exchanges (by default, !'--- five |ICMP packets are sent when pinging from G sco
routers). W have !--- onitted npst of the output since it is redundant.

IP: s=177.10.1.3 (Ethernet0), d=192.168.2.1, Len 100, policy match
| CWP type=8, code=0
IP: route map Nat-loop, item 10, permt
IP: s=177.10.1.3 (Ethernet0), d=192.168.2.1 (LoopbackQ), Len 100, policy routed
| CWP type=8, code=0
I P: EthernetO to LoopbackO 10.0.1.2
IP: s=177.10.1.3 (Ethernet0), d=192.168.2.1 (Loopback0), g=10.0.1.2, Len 100,
f orwar d
| CWP type=8, code=0
I P: NAT enab = 1 trans = 0 flags = 0
NAT: s=177.10.1.3, d=192.168.2.1->10.0.0.12 [53]
I P: s=177.10.1.3 (Loopback0), d=10.0.0.12 (Ethernet0), g=10.0.0.12, Len 100,
f orwar d
| CWP type=8, code=0
I P: NAT enab = 1 trans = 0 flags = 0
I P: s=10.0.0.12 (EthernetQ), d=177.10.1.3, Len 100, policy match
| CWP type=0, code=0
IP: route map Nat-loop, item 10, permt
I P: s=10.0.0.12 (EthernetQ), d=177.10.1.3 (Loopback0), Len 100, policy routed
| CWP type=0, code=0
I P: EthernetO to LoopbackO 10.0.1.2
NAT: s=10.0.0.12->192.168.2.1, d=177.10.1.3 [53]
I P: s=192.168.2.1 (Ethernet0), d=177.10.1.3 (LoopbackO), g=10.0.1.2, Len 100,
f orwar d
| CWP type=0, code=0
I P: s=192.168. 2.1 (Loopback0), d=177.10.1.3 (Ethernet0), g=192.168.1.1, Len 100,
f orwar d
| CWP type=0, code=0
I P: NAT enab = 1 trans = 0 flags = 0

AR =



B—NERBAFENESERMERE, EAMEF , ZAMHost 13T Internetig Z H 1T pingiR 4,
# R Ashow Fldebug R T,

&1 , NAT BEEHERFH NAT HRERAT -

NAT-rout er# show ip Nat translation

Pro I nside gl obal I nsi de | ocal Qut si de | ocal Cut si de gl obal
--- 192.168.2.1 10.0.0. 12 --- ---
NAT-r out er #

BOMNEN 1 &K ping J5 , TEAESR :

Host - 1# ping 177.10.1.3

Type escape sequence to abort.

Sending 5, 100-byte |ICMP Echos to 177.10.1.3, timeout is 2 seconds:
Success rate is 100 percent (5/5), round-trip mn/avg/ max = 92/92/96 ms
Host - 1#

BAES LEA/Y ping BRI T . TUE , NAT EXEERPRY NAT RIVTFIR :

NAT-rout er# show ip Nat translation
Pro I nside gl obal I nsi de | ocal Qut si de | ocal Cut si de gl obal

icnp 192.168.2.2:434 10.0.0.11: 434 177.10. 1. 3: 434 177.10.1. 3: 434
icnp 192.168. 2. 2: 435 10.0.0.11: 435 177.10. 1. 3: 435 177.10. 1. 3: 435
icnp 192. 168. 2. 2: 436 10.0.0.11: 436 177.10. 1. 3: 436 177.10.1. 3: 436
icnp 192. 168. 2. 2: 437 10. 0. 0. 11: 437 177.10. 1. 3: 437 177.10. 1. 3: 437
icnp 192.168. 2. 2: 438 10.0.0.11:438 177.10. 1. 3: 438 177.10. 1. 3: 438
--- 192.168.2.1 10.0.0.12 --- ---
NAT-r out er #

MELEHNATHIRRE R T HIIANATE E(58HANATE BHEX) S bk,
T debug #iHE R NAT IEHE8 L RENER.

IP: NAT enab = 1 trans = 0 flags = 0
IP: s=10.0.0.11 (EthernetQ), d=177.10.1.3, Len 100, policy match

| CVP type=8, code=0
IP: route map Nat-loop, item 10, permt
IP: s=10.0.0.11 (Ethernet0), d=177.10.1.3 (Loopback0), Len 100, policy routed

| CVP type=8, code=0
I P: EthernetO to Loopback0O 10.0.1.2
I -—— The above output shows the ICMP echo request packet originated by !--- Host 1 which is
policy-routed out the loopback interface. NAT: s=10.0.0.11->192.168.2.2, d=177.10.1.3 [8] IP
s=192.168. 2.2 (Ethernet0), d=177.10.1.3 (Loopback0), ¢g=10.0.1.2, Len 100, forward | CVP type=8,
code=0 | P: s=192.168.2.2 (LoopbackQ), d=177.10.1.3 (Ethernet0), g=192.168.1.1, Len 100, forward
| CVMP type=8, code=0 IP. NAT enab = 1 trans = 0 flags = 0 /--- After the routing decision has
been made by the policy routing, !--- translation takes place, which translates the Host 1 IP
address of 10.0.0.11 !--- to an address from the "external" pool 192.168.2.2 as shown above. !--
- The packet 1is then forwarded out loopback 0 and finally out Ethernet 0 !--- to the Internet
device. | P; s=177.10.1.3 (Ethernet0), d=192.168.2.2, Len 100, policy match I CWP type=0, code=0
IP: route map Nat-loop, item 10, pernmt |IP: s=177.10.1.3 (Ethernet0), d=192.168.2.2 (Loopback0),
Len 100, policy routed | CWP type=0, code=0 IP: EthernetO to LoopbackO 10.0.1.2 IP: s=177.10.1.3
(Ethernet0), d=192.168.2.2 (Loopback0), ¢g=10.0.1.2, Len 100, forward |CW type=0, code=0 !/---



The Internet device sends an ICMP echo response which matches our !--- policy, 1s policy-routed,
and forward out the Loopback 0 interface. |P: NAT enab = 1 trans = 0 flags = 0 NAT:
s=177.10.1.3, d=192.168.2.2->10.0.0.11 [8] IP: s=177.10.1.3 (Loopback0), d=10.0.0.11
(Ethernet0), g=10.0.0.11, Len 100, forward |ICVP type=0, code=0 !--- The packet is looped back
into the loopback interface at which point !--- the destination portion of the address 1is
translated from 192.168.2.2 !--- to 10.0.0.11 and forwarded out the Ethernet 0 interface to the
local host. !--- The ICMP exchange 1is repeated for the rest of the ICMP packets, some of !---
which are shown below. |P: NAT enab = 1 trans = 0 flags = 0 I P: s=10.0.0. 11 (Ethernet0),
d=177.10. 1.3, Len 100, policy match ICWP type=8, code=0 IP: route nap Nat-loop, item 10, permt
I P: s=10.0.0.11 (EthernetQ), d=177.10.1.3 (Loopback0), Len 100, policy routed | CVP type=8,
code=0 | P: EthernetO to LoopbackO 10.0.1.2 NAT: s=10.0.0.11->192.168.2.2, d=177.10.1.3 [9] IP:
s=192.168.2.2 (EthernetQ), d=177.10.1.3 (Loopback0), g=10.0.1.2, Len 100, forward | CVP type=8,
code=0 | P: s=192.168. 2.2 (Loopback0), d=177.10.1.3 (Ethernet0), g=192.168.1.1, Len 100, forward
| CVWP type=8, code=0 IP: NAT enab = 1 trans = 0 flags = 0 IP: s=177.10.1.3 (EthernetO0),
d=192.168. 2.2, Len 100, policy match |ICMP type=0, code=0 IP: route map Nat-loop, item 10, permt
IP: s=177.10.1.3 (Ethernet0), d=192.168.2.2 (LoopbackO), Len 100, policy routed | CVW type=0,
code=0 | P: EthernetO to LoopbackO 10.0.1.2 IP: s=177.10.1.3 (Ethernet0), d=192.168. 2.2
(Loopback0O), g=10.0.1.2, Len 100, forward |ICVMP type=0, code=0 IP: NAT enab = 1 trans = 0 flags =
0 NAT: s=177.10.1.3, d=192.168.2.2->10.0.0.11 [9] IP: s=177.10.1.3 (LoopbackO), d=10.0.0.11

(Et hernet0), g=10.0.0.11, Len 100, forward | CWP type=0, code=0

Tl 2 P 4% M EL R
MEE

lo0 4.44.2

1.1.1.2

R2Z
Mat router

E0/D

B
B

10.10.101 20.20.20.1




EX

RNFLEFENM R (R1FIR3) EWELEZHITES, XAMNESLEARTIME IP it , Hik
LHEeMNEHESER |, B4R, FEARFF | E£4H110.10.10. 1485 #259200.200.200.1 , £#l
20.20. 2014%1&!?%}927710010010 Rk , BAE E’Eﬂﬁ/\ﬁr‘]b& TR, BTiCtkBE , XHEAD
R ZENRESNTUBERR2, B2, ?‘Zﬂ]ﬂ’]gtﬁmi

R1 EREN 10.10.10.1 FEEA2B#bit 5 R3 /FAEH 20.20.20.1 #HITEE,

XEFHZ AP BRBERSIET R2 Kix
XN TFRARG, RIEEES NAT #i |, I TEMNEEFR R,

NAT 2% e 28 e
NAT B ERE

i nterface LoopbackO

ip address 4.4.4.2 255.255.255.0

i p Nat inside

!--- Creates a virtual interface called "loopback 0" and
assigns IP address !--- 4.4.4.2 to it. Also defines for
it a NAT inside interface. ! Interface Ethernet0/0 ip
address 1.1.1.2 255.255.255.0 no ip redirects ip Nat
outside ip policy route-map Nat !--- Assigns IP address
1.1.1.1/24 to e0/0. Disables redirects so that packets
!-—- which arrive from R1 destined toward R3 are not

redirected to R3 and !--- visa-versa. Defines the
interface as NAT outside interface. Assigns !--- route-
map "Nat" used for policy-based routing. ! ip Nat inside
source static 10.10.10.1 200. 200.200.1 !--- Creates a
static translation so packets received on the inside
interface !--- with a source address of 10.10.10.1 will
have their source address !--- translated to
200.200.200.1. Note: This inplies that the packets
received !--- on the outside interface with a

destinati on address of 200.200.200.1 !--- will have the

destination translated to 10.10.10. 1.

ip Nat outside source static 20.20.20.1 100.100.100.1
!--- Creates a static translation so packets received on
the outside interface !--- with a source address of
20.20.20.1 will have their source address !---
translated to 100.100.100.1. Note: This inplies that
packets received on !--- the inside interface with a
destinati on address of 100.100.100.1 will !--- have the
destination translated to 20.20.20. 1.

ip route 10.10.10.0 255.255.255.0 1. 1
ip route 20.20.20.0 255.255.255.0 1. 3
ip route 100.100.100.0 255.255.255.0 1.1.1.3
!
access-list 101 permt ip host 10.10.10.1 host
100. 100. 100. 1
route-map Nat permt 10

match i p address 101

set ip next-hop 4.4.4.2

1.1.
1.1.




Pl 2 show B debug s £ H

AR AHEREFTEXHRELEshowdh © , EAWEERX showsn TH YD #T. A debug
mHZAE , EZ AKX Debug W HHNEERFEE.

At —

mEBEFTR , BA1E 2 NEES NAT it , ATLAE R2 LA show ip nat translation sv S & 2,

LT 27 NAT B8 EH1TH show ip Nat translation S5 S BV :

NAT-rout er# show ip Nat translation

Pro I nside gl obal I nsi de | ocal Qut si de | ocal Cut si de gl obal
- - --- 100. 100. 100. 1 20.20.20.1
--- 200. 200. 200.1 10.10.10.1 --- ---

R2#

FEARMIRF | RIMMR1EEARIIEE(10.10.10.1) % Hping , iZ1&8 % X ER3IEEMIL
(100.100.100.1)9 £ Bkt , E£R2_Eiz1Tdebug ip Natfldebug ip packet , S LA THiH :

IP: NAT enab = 1 trans = 0 flags = 0
I P: s=10.10.10.1 (Ethernet0/0), d=100.100.100.1, Len 100, policy match

| CVP type=8, code=0
IP: route map Nat, item 10, permt
I P: s=10.10.10.1 (Ethernet0/0), d=100.100.100.1 (LoopbackO), Len 100, policy
rout ed

| CVP type=8, code=0
I P: Ethernet0/0 to LoopbackO 4.4.4.2
I-—— The above output shows the packet source from 10.10.10.1 destined !--- for 100.100.100.1
arrives on E0/0, which is defined as a NAT !--- outside interface. There is not any NAT that
needs to take place at !--- this point, however the router also has policy routing enabled for
!-—- E0/0. The output shows that the packet matches the policy that is !--- defined in the
policy routing statements. |P: s$=10.10.10.1 (Ethernet0/0), d=100.100.100.1 (LoopbackO0),
g=4.4.4.2, Len 100, forward |ICVMP type=8, code=0 IP: NAT enab = 1 trans = 0 flags = 0 /--- The
above now shows the packet is policy-routed out the loopback(Q !--- interface. Remember the
Joopback is defined as a NAT inside interface. NAT: s=10.10. 10. 1->200.200. 200.1, d=100.100.100.1
[26] NAT: s=200.200.200.1, d=100.100.100.1->20.20.20.1 [26] !--- For the above output, the
packet is now arriving on the loopback(Q !--- interface. Since this is a NAT inside interface, it
is important to !--- note that before the translation shown above takes place, the router !---
will look for a route in the routing table to the destination, which !--- before the translation
is still 100.100.100.1. Once this route look up !--- is complete, the router will continue with
translation, as shown above. !--- The route lookup is not shown in the debug out put.

I P: s=200. 200. 200. 1 (LoopbackQ), d=20.20.20.1 (Ethernet0/0), g=1.1.1.3, Len 100,
f orwar d
| CVP type=8, code=0
IP: NAT enab = 1 trans = 0 flags = 0
I-—— The above output shows the resulting translated packet that results is !--- forwarded out
E0/0.

T REANMIRHES 3 EHNRERERER 1 FHRZINHNBESHNERE

NAT: s=20.20. 20. 1->100. 100. 100. 1, d=200. 200. 200. 1 [ 26]
NAT: s=100.100. 100. 1, d=200.200. 200. 1->10. 10.10.1 [ 26]

!-——- The return packet arrives into the e0/0 interface which is a NAT !--- outside interface.
In this direction (outside to inside), translation !--- occurs before routing. The above output
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shows the translation takes place. |P: s=100.100.100.1 (Ethernet0/0), d=10.10.10.1
(Ethernet0/0), Len 100, policy rejected -- normal forwarding | CVWP type=0, code=0 |IP:

s=100. 100. 100.1 (Ethernet0/0), d=10.10.10.1 (Ethernet0/0), g=1.1.1.1, Len 100, forward | CW
type=0, code=0 !--- The E0/0 interface still has policy routing enabled, so the packet is !---
check against the policy, as shown above. The packet does not match the !--- policy and is
forwarded normally.

A=
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