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2.1   PBR  . 
    PBR,    

: 1)   ,    ACL.    

       ACL,  

  ,    . 2)   

,        . 3) 

    . 

  ,    №6,    

 PBR.    ,  AS_65010    

  (10.10.10.0/29  20.20.20.0/29),    

 BR1  BR2,      ISP-1  

ISP-2,    ,   .   BR1,   

,    ISP-1 (     

 LocalPreference 50),      ISP-2 (   

  LP 500).   BR2,   

 C,   ISP-2 (LP  100). 

 ,    BGP    

  .    AS_65010   , 

  ,   BR1   ISP-2.  

   VIP-1  VIP-2        

BR1 → ISP-2 (  ) → Inet.      

 VIP-1  VIP-2   10.10.10.1  20.20.20.2. 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.14.1    - BR1 
3   192.168.200.2  - ISP-2 ( а а  В) 
4   *10.0.0.1  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.13.1    - BR1 
3   192.168.200.2  - ISP-2 ( а а  В) 
4   *10.0.0.1  - INET 
 

         VIP-1  

VIP-2    PBR.  ,    
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  BR2 → ISP-2 (  )  → Inet,     

.     : 

1. AR1      10.24.5.0/29.  

  RM_PBR_VIP_1       NEXT_HOP 

  BR2. 

2. AR2      10.24.6.0/29.  

  RM_PBR_VIP_1       NEXT_HOP 

  BR2. 

3.  BR2   10.24.5.0/29  10.24.6.0/29,    

RM_PBR_VIP_1     NEXT_HOP   ISP-2. 

      VIP   . 

,       . 
 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.24.1    - BR2 
3   192.168.200.6  - ISP-2 ( а а  С) 
4   *10.0.0.1  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.23.1    - BR2 
3   192.168.200.6  - ISP-2 ( а а  С) 
4   *10.0.0.1  - INET 
 

 ,     ,   

     VIP-1  VIP-2   

       BR1 → ISP-2 (  ) → Inet.    

    PBR    ,  

 BR1 → ISP-1 (  ) → Inet,     

. 

    :  

1. AR1,  RM_PBR_VIP_1,   NEXT_HOP   BR2, 

  NEXT-HOP   BR1. 

2. AR2,  RM_PBR_VIP_1,   NEXT_HOP   BR2, 

  NEXT-HOP   BR1. 
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3. BR2,    0/1, 0/2,    

RM_PBR_VIP_1. 

4.  BR1   10.24.5.0/29  10.24.6.0/29,    

RM_PBR_VIP_1     NEXT_HOP   ISP-1. 

       ,   

  .   
 
1   10.24.5.6     - AR1 (gateway VIP-1) 
2   192.168.14.1    - BR1 
3   192.168.100.2  - ISP-1 ( а а  А) 
4   *10.0.0.5  - INET 
 
1   10.24.6.6     - AR2 (gateway VIP-2) 
2   192.168.13.1    - BR1 
3   192.168.100.2  - ISP-1 ( а а  А) 
4   *10.0.0.5  - INET 
 

     ,     VIP-1, VIP-2 

   ,     PBR  

 AR1, AR2, BR1, BR2.  ,    

 PBR    ,      

,    .  ,   

,    ,   ,   

       

,     PBR    .  

   PBR,     

   .      

 ACL,    .   ACL   

     ,   

  .        

,       ,  

       , 

     .  

2.2   iPBR. 

  ,   : 
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   . , OSPF  

      LSA- ,     
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 BGP,        , 

       ,  

     (address-family),      
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 ,   .     

 .       , 

         .  

  OSPF  BGP,     

,      , 

   ,     

      .  , 

      OSPF  BGP.  

   ,       .  

     .  
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         . 

        PBR,  

   BGP,    ADDRESS-FAMILY. 

    iPBR (Intellectual Policy Based Routing). 

 

2.2.1     iPBR. 
 iPBR  -    

   . 

ACL- ,     ,   

     .   iPBR 

     ACL- ,     

 iACL_ ,  (x)    . 

 iACL-     .  

 ,        iACL-

      ,     

 ,       ,  

  . 

  iPBR   END-HOP,     

,       iACL- .  

   №8, END-HOP    , 

   ,      

192.168.100.2.    ,   END-HOP 

          

NEXT-HOP. 

   .    

 STATE LISTEN    ,    

   .     

  iACL_x  END-HOP    

 . ,       

END-HOP,    STATE FORWARD. 
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.      iACL_x  END-HOP 

 ,    iACL- .   

      END-HOP    

   NEXT-HOP.    ,  

   .     

   ACL-      

. 

      iPBR   

  ACL- ,      

 .      ,  

        . 

 

2.2.2  ADDRESS-FAMILY,    

.  

UPDATE - ,       

 ,     ACL- , 

   END-HOP   . 

   ,    

 ,   ,    .  

         iACL 

  . 

      

 BGP,      ADDRESS-FAMILY,  

      iPBR.   ADDRESS-

FAMILY    ,    

 .   BGP   NLRI,  

    iPBR.  

AFI - Address Family Identifiers.   BGP UPDATE, 

   ,      
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NLRI. SAFI      NLRI.  

 AFI 1 (IP) SAFI   1 (Unicast), 2 (Multicast), 128 (MPLS BGP VPN). 

SAFI  ,  AFI. 

         
 7. ―   UPDATE 

 
 BGP     

,    .     

 :  ,    ,      

 ;  ;   [9]. 

      

  BGP,     , 

     .   ,   

,     BGP .  

      

     ,  

 ADDRESS FAMILY.     

     AF. BGP  

        AF   

 AF.        

  AF.      
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  AF,       

UPDATE [11]. 

    AF,       

  :    ,   , 

            

 BGP  AF.      

  AF,    .   

      /  . 

         ( ) 

        , 

    .          

        

  .         

" "        MBGP. 

    AF   

,  BGP     ACTIVATE  

    ADDRESS FAMILY.    BGP 

      IPv4.    AF 

      [16]. 

 

2.2.3     . 

   , BGP   TCP  

 179,   .   BGP 

,       ,    

       

 .  ,   BGP 

    ,     

      .  

BGP   KEEPALIVE,  Hello , 

  OSPF  EIGRP. 
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,      OPEN. 

        K EPALIVE, 

   OPEN .    

BGP  ,      

    UPDATE.  K EPALIVE 

      BGP 

,   NOTIFICATION       

 .    NOTIFICATION,  

BGP  .  NOTIFICATION   

,     .   

UPDATE, K EPALIVE   NOTIFICATION    

    ESTABLISHED.  K EPALIVE 

      19 ,     

60 .       19  4096 .  

    180 .    

 BGP,    :  

 IDLE -  ; 

 CONNECT - ; 

 ACTIVE - ; 

 OPEN SENT -   OPEN; 

 OPEN CONFIRM -    OPEN; 

 ESTABLISHED -  ,  BGP   

. 

 

2.2.4      ISP. 

  ,    BR,   

     .     

,   10   ICMP   , 

 8.8.8.8,    .    IP SLA 
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    .    20 ,   

,    ,     

BR      AF,     

    iPBR,       , 

  END-HOP   . 

    ISP  ,    60 

    ICMP     8.8.8.8.  

   ,    , 

   .   60 , 

  1000 icmp    8.8.8.8.   

   .     300   

    ,    

 5     70 ,     

   ,     

    iPBR,    ,  

   END-HOP  . 

 

2.2.5    iPBR. 

   ACL-       

 .    : 

 iPBR,    .   

 .   . 

  ,  iPBR  . 

 

2.3    iPBR. 

  №8    .   

   iPBR.     

   №1  №2.  
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1.    BR1  BR2    

 iACL  

iACL-1    10.1.1.0/24  

iACL-2    10.2.2.0/24 

2.    BR1   ,  

 : 

 iACL-1  NEXT-HOP 192.168.100.2   10  

 iACL-2  NEXT-HOP 192.168.100.2   100  

3.    BR2   ,  

 :  

 iACL-1  NEXT-HOP 192.168.200.6   100  

 iACL-2  NEXT-HOP 192.168.200.6   10  
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4. BR1     (BR2, R3  R4)  

,        , 

   : 

   iACL-1,  END-HOP 192.168.100.2,  10,  1 

   iACL-2,  END-HOP 192.168.100.2,  100,  1    

5. BR2     (BR1, R3  R4)  

,    : 

   iACL-1,  END-HOP 192.168.200.6,  100,  1 

   iACL-2,  END-HOP 192.168.200.6,  10,  1 

   BR   ,  END-

HOP,       ISP,   END-HOP   

  iACL- ,   ,      

     ,    

,    . 

       iACL-x,   

,         , 

         iACL-x, 

       . 

  BR,   ( )  

      iPBR. 

     ,   

      ,  

   . 

       BGP, 

     ADDRESS-FAMILY.   BGP 

      . 
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 8. ―   

 
 
2.3.1   . 
 

    ,    ,  

     ,    .   

 ,       ,    

      iACL-x    

  END-HOP.       

 ,      .  

  

    BR1 
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№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------ 
1.   192.168.100.2      gi0/1            forward              5                 01:38:42     192.168.100.2      
2.    10.10.12.2           gi0/2             listen                 10               02:40:16           -------      
3.    10.10.14.2           gi0/3             listen                 8                 01:15:11           ------- 
4.    10.10.13.2           gi0/4             listen                 14               02:22:25           -------         
 
  

   ( )   BR- R: 

1.  BR2    BR1,     

 ,   iACL-1   10     

gi0/2   BR1. 

2.  BR1    BR2,     

 ,   iACL-2   10     

gi0/2   BR2. 

3.  R3    BR1  BR2    

  ,   iACL-1   10    

 gi0/1  ,   iACL-2   10     

gi0/2   BR2. 

4.  R4    BR1  BR2    

  ,   iACL-1   10    

 gi0/2   BR1,   iACL-2   10    

 gi0/1   BR2. 

 
   BR2 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------ 
1.   192.168.200.6      gi0/1            forward              9                 02:35:52     192.168.200.6      
2.    10.10.12.1           gi0/2             listen                 18               01:31:25           -------      
3.    10.10.23.2           gi0/3             listen                 12               01:25:33           ------- 
4.    10.10.24.2           gi0/4             listen                 15               02:32:23           -------         
 

   ( )   R- R: 

1.  R5    R3  R4    

  ,   iACL-1   10    
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 gi0/1   R3,   iACL-2 (   10   

  gi0/2   R4. 

2.  R6    R3  R4    

  ,   iACL-1   10    

 gi0/1   R3,   iACL-2   10    

 gi0/2   R4. 

3.  R7    R3  R4    

  ,   iACL-1   10    

 gi0/1   R3,   iACL-2   10    

 gi0/2   R4. 

 
   TR3 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
-------------------------------------------------------------------------------------------------------------- 
1.    10.10.13.1           gi0/1            forward              10                 02:35:52      192.168.100.2         
2.    10.10.23.1           gi0/2            forward              3                   01:31:25      192.168.200.6 
3.    10.10.34.2           gi0/3             listen                 12                 01:21:23           ------- 
4.    10.10.37.2           gi0/4             listen                 9                   01:27:24           ------- 
5.    10.10.36.2           gi0/5             listen                 17                 01:29:25           -------          
6.    10.10.35.2           gi0/6             listen                 5                   01:25:26           -------         

 
 

   TR4 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.24.1           gi0/1            forward              6                 02:45:52      192.168.200.6         
2.    10.10.14.1           gi0/2            forward              7                 01:21:25      192.168.100.2 
3.    10.10.34.1           gi0/3             listen                 12               01:33:52           ------- 
4.    10.10.45.2           gi0/4             listen                 11               02:32:44           ------- 
5.    10.10.46.2           gi0/5             listen                 14               02:30:33           -------          
6.    10.10.47.2           gi0/6             listen                 10               02:39:13           -------         
 

   AR5 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.35.1           gi0/1            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

   AR6 
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№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.36.1           gi0/1            forward              12               01:52:12      192.168.100.2         
2.    10.10.46.1           gi0/2            forward              17               01:51:55      192.168.200.6 
 

   AR7 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.37.1           gi0/1            forward              5                02:51:12      192.168.100.2         
2.    10.10.47.1           gi0/2            forward              8                02:31:45      192.168.200.6 
 

      iACL- ,    

  BR,      BR   

          ,      

. 

 

2.3.2   iPBR   . 
        ISP,  

  END-HOP,     ICMP 

   8.8.8.8    ISP,   

 ,      ISP  

.         

 ,       

 ,   iACL-      

 RM   ,       

  ,  iACL-x        

  ,        

255,            

    ,  RM. 

    ISP  ,    

ICMP  ,        

 ,   RM,       iACL-x 

  ,   . 
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 BR      

 ,       :  

  ;      

iACL-x  BR;      ISP;  

   ISP. 

 AR  TR    , 

      ,    

 . 

 
   BR1 

№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2     192.168.100.2       gi0/1          10         active           1 
2.    iACL-1     192.168.200.6       10.10.2.2             gi0/2        100         rezerv          1 
3.    iACL-2     192.168.100.2     192.168.100.2       gi0/1        100         rezerv          1 
4.    iACL-2     192.168.200.6       10.10.2.2             gi0/2          10         active           1 
 

   BR2 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1             gi0/2          10         active           1 
2.    iACL-1     192.168.200.6     192.168.200.6       gi0/1        100         rezerv          1 
3.    iACL-2     192.168.200.6     192.168.200.6       gi0/1          10         active           1 
4.    iACL-2     192.168.100.2       10.10.1.1             gi0/2        100         rezerv           1 
 

   TR3 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active           1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv          1 
 

   TR4 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active           1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/1          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/1        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv          1 
 

   R5 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
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1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active          1 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
 

   R6 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
--------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/1          10         active          1 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active          1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv         1 
 

   R7 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
2.    iACL-2     192.168.100.2       10.10.1.1           gi0/1        100         rezerv          1 
 

 R3     R1  .  Gi0/1, 

   STATE FORWARD,     

    iACL_1.       

,      BR1.    

 BR1      ISP1 ,     

   TR3   .     

  iACL_1    TR4,  TR3   

    TR4    STATE FORWARD. 

   TR4       , 

      END-HOP 192.168.100.2,  TR3  

   TR4. 

   TR3 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
-------------------------------------------------------------------------------------------------------------- 
1.    10.10.23.1           gi0/2            forward              3                   02:41:15      192.168.200.6 
2.    10.10.34.2           gi0/3            forward             12                  02:31:33      192.168.100.2 
3.    10.10.37.2           gi0/4             listen                 9                   02:57:14           ------- 
4.    10.10.36.2           gi0/5             listen                 17                 02:39:45           -------          
5.    10.10.35.2           gi0/6             listen                 5                   02:45:46           -------         
 

   TR3 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/3          10         active           2 



52 

 

2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv          1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/3        100         rezerv          2 
 

     TR3,    

 AR5, AR6, AR7.   TR3   

,        

iACL_1  END-HOP 192.168.100.2 

 AR5, AR6, AR7   ,  

   .     

    END-HOP 192.168.100.2    

 Gi0/2,   TR4. 

   AR5 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.45.1           gi0/2            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

   R5 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          2 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
 

   AR6 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.46.1           gi0/2            forward              12               01:52:12      192.168.100.2         
2.    10.10.46.1           gi0/2            forward              17               01:51:55      192.168.200.6 
 

   R6 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
--------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          2 
2.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active          1 
3.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
4.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv         2 
 

   AR7 
 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.47.1           gi0/2            forward              5                02:51:12      192.168.100.2         
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2.    10.10.47.1           gi0/2            forward              8                02:31:45      192.168.200.6 
 

   R7 
№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-2     192.168.200.6       10.10.2.2           gi0/2          10         active           1 
2.    iACL-2     192.168.100.2       10.10.1.1           gi0/2        100         rezerv          2 
 

 ,   R3     R4  

.   Gi0/3,    STATE LISTEN. 

     .     ,  

   R3  STATE LISTEN,      

 ,    . 

 R3     R5  .   

Gi0/6,    STATE LISTEN.      

.     ,     R3  STATE 

LISTEN,      ,    

.        R6  R7.  

 R5     R3  .   

Gi0/1,    STATE FORWARD,     iACL_1. 

     .    

,        

 Gi0/2,       END-HOP 192.168.100.2, 

   R4,         

.       ,   

  AR5      STATE LISTEN, 

          TR3. 

 
   AR5 

 
№     Address          Interface         State             Holdtime       Uptime      END-HOP     
------------------------------------------------------------------------------------------------------------- 
1.    10.10.45.1           gi0/2            forward              19               02:35:52      192.168.100.2         
2.    10.10.45.1           gi0/2            forward              11               01:31:25      192.168.200.6 
 

   R5 
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№    iACL-x           END-HOP       NEXT-HOP   interface    metrica    status    version  
-------------------------------------------------------------------------------------------------------------- 
1.    iACL-1     192.168.100.2       10.10.1.1           gi0/2          10         active          1 
2.    iACL-1     192.168.200.6       10.10.2.2           gi0/2        100         rezerv         1 
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3   . 

3.1    iPBR. 

       iPBR.  

   ,     

  Quagga,    

 ,   TCP/IP. 

Quagga -  ,   , 

  TCP/IP      RIPv2, OSPFv2, 

OSPFv3, BGP. Quagga      

,      [17]. 

      

 ,      

 . Quagga    . 

     ,  

   .   

         zebra. 

         

 .     ,  

      zebra,    

 BGP -    bgpd. 

Zebra -     .  

    ,    

      [19]. 

  : 

  .  

Command: hostname hostname {} 

   vty.    , vty   

 . 

Command: password password {} 
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    enable. 

Command: enable password password {} 

   .  

Command: configure terminal {} 

   Quagga    . 

Command: show version {} 

    VTY. 

Command: exec-timeout minute {} 

      

 
 9. ―   
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    Linux Ubuntu.   

,       .     

  Quagga,     

  OSPF  BGP.     

   .  

    ,     

 , ISP1  ISP2.  

       

 Quagga,     

 iPBR,     . 

      

   Quagga  .    

    ,  

   UPDATE     ADDRESS-

FAMILY,       Zebra,  

  .   ,     

    Quagga.  

  ,     

  iPBR,    .  PBR  

Linux     IPTABLES,     

   .      

      Quagga,   

  OSPF  BGP,       

    BGP.  ,  

      .     

         

  .         

,       IPTABLES.   

   Base64.       
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,          

IPTABLES,      . 

      .   

      Quagga.    

TELNET      Quagga.   

 UPDATE,    ,    

 ,   BGP Extended Community,   

     .   

   ,      

 ,    ,     

      IPTABLES. 

 

 10. ―    

 
10.10.1.1 /32  Loopback   BR1 
10.10.2.2 /32  Loopback   BR2 
10.10.3.3 /32  Loopback   TR3 
10.10.4.4 /32  Loopback   TR4 
10.10.5.5 /32  Loopback   AR5 
10.10.6.6 /32  Loopback   AR6 
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10.10.7.7 /32  Loopback   AR7 
 

  BR1     ACL   
 RM 

! 
route-map RM_iPBR_iACL-1 permit 10 
 match ip address iACL-1 
 set ip next-hop 192.168.100.2     ISP1  
! 
route-map RM_iPBR_iACL-2 permit 10  
 match ip address iACL-2 
 set ip next-hop 192.168.100.2    ISP1 
! 
ip access-list standard iACL-1 
 permit 10.1.1.0 0.0.0.255 
 deny   any 
! 
ip access-list standard iACL-2 
 permit 10.2.2.0 0.0.0.255 
 deny   any 
! 
 

 BR1     , 
     BGP-UPDATE   NLRI, 

ADDRESS-FAMILY iPBR 
  UPDATE- ,   BR1  

: 
! 
route-map RM_iPBR_iACL-1 permit 10 
  match ip address iACL-1 
  set ip next-hop 10.10.1.1    Loopback   BR1 
! 
ip access-list standard iACL-1 
  permit 10.1.1.0 0.0.0.255 
  deny   any 
! 
version 1       
metrica 10     END-HOP  BR1    BR2 
 

    ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0xIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0xCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjEuMQohCm
lwIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMQogIHBlcm1pdCAxMC4xLjE
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uMCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY
2EgMTA= 
 

  UPDATE- ,   BR1  
: 

! 
route-map RM_iPBR_iACL-2 permit 10 
  match ip address iACL-2 
  set ip next-hop 10.10.1.1    Loopback   BR1 
! 
 ip access-list standard iACL-2 
  permit 10.2.2.0 0.0.0.255 
  deny   any 
! 
version 1       
metrica 100              END-HOP  BR1    BR2 
 

    ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0yIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0yCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjEuMQohCi
BpcCBhY2Nlc3MtbGlzdCBzdGFuZGFyZCBpQUNMLTIKICBwZXJtaXQgMTAu
Mi4yLjAgMC4wLjAuMjU1CiAgZGVueSAgIGFueQohCnZlcnNpb24gMQptZXRya
WNhIDEwMA== 
 

  BR2     ACL   
 RM 

! 
route-map RM_iPBR_iACL-1 permit 10 
 match ip address iACL-1 
 set ip next-hop 192.168.200.6    ISP2 
! 
route-map RM_iPBR_iACL-2 permit 10 
 match ip address iACL-2 
 set ip next-hop 192.168.200.6    ISP2 
! 
ip access-list standard iACL-1 
 permit 10.1.1.0 0.0.0.255 
 deny   any 
! 
ip access-list standard iACL-2 
 permit 10.2.2.0 0.0.0.255 
 deny   any 
! 
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 BR2     , 
     BGP-UPDATE   NLRI, 

ADDRESS-FAMILY iPBR 
 

  UPDATE- ,   BR2  
: 

! 
route-map RM_iPBR_iACL-1 permit 10 
  match ip address iACL-1 
  set ip next-hop 10.10.2.2   Loopback   BR2 
! 
ip access-list standard iACL-1 
  permit 10.1.1.0 0.0.0.255 
  deny   any 
! 
version 1        
metrica 100     END-HOP  BR2    BR1 
 

    ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0xIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0xCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjIuMgohCml
wIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMQogIHBlcm1pdCAxMC4xLjE
uMCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY
2EgMTAw 
 

  UPDATE- ,   BR2  
: 

! 
route-map RM_iPBR_iACL-2 permit 10 
  match ip address iACL-2 
  set ip next-hop 10.10.2.2   Loopback   BR2 
! 
ip access-list standard iACL-2 
  permit 10.2.2.0 0.0.0.255 
  deny   any 
! 
version 1        
metrica 10      END-HOP  BR2    BR1 
 

    ASCII 
 
cm91dGUtbWFwIFJNX2lQQlJfaUFDTC0yIHBlcm1pdCAxMAogIG1hdGNoIGlwI
GFkZHJlc3MgaUFDTC0yCiAgc2V0IGlwIG5leHQtaG9wIDEwLjEwLjIuMgohCml
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wIGFjY2Vzcy1saXN0IHN0YW5kYXJkIGlBQ0wtMgogIHBlcm1pdCAxMC4yLjIu
MCAwLjAuMC4yNTUKICBkZW55ICAgYW55CiEKdmVyc2lvbiAxCm1ldHJpY2
EgMTA= 
 

    : 

,    UPDATE- ,    

,     ,      

 ,    .   

  ,       ,  

 UPDATE-  . 

   iACL  ,    

   ,       

. 

   RM  ,    

   ,       

. 

        END-HOP  UPDATE-

,       iACL,  

         

END-HOP,      .   

        END-HOP. 

   UPDATE- ,    

       iACL,   RM 

  ,    NEXT-HOP    Loopback  

BR1  BR2,        END-HOP. 

 RM      , 

   ADRESS-FAMILY iPBR    BGP. 

 
3.2     . 
 
К г рац я аршр а ра BR1 

 interface Loopback10 router iPBR 10 

 ip address 10.10.1.1 255.255.255.255  router-id 10.10.1.1 



63 

 

!  log-adjacency-changes 

interface gi0/1  interface gi0/2 

 description Link-to-ISP1  interface gi0/3 

 ip address 192.168.100.1 255.255.255.252  interface gi0/4 

! ! 

interface gi0/2 router bgp 65535 

 description Link-to-BR2  bgp router-id 10.10.1.1 

 ip address 10.10.12.1 255.255.255.252  bgp log-neighbor-changes 

!  neighbor IBGP peer-group 

interface gi0/3  neighbor IBGP remote-as 65535 

 description Link-to-TR4  neighbor IBGP update-source Loopback10 

 ip address 10.10.14.1 255.255.255.252  neighbor IBGP version 4 

!  neighbor 10.10.2.2 peer-group IBGP 

interface gi0/4  neighbor 10.10.3.3 peer-group IBGP 

 description Link-to-TR3  neighbor 10.10.4.4 peer-group IBGP 

 ip address 10.10.13.1 255.255.255.252  neighbor 10.10.5.5 peer-group IBGP 

!  neighbor 10.10.6.6 peer-group IBGP 

 

 neighbor 10.10.7.7 peer-group IBGP 

address-family ipv4 ! 

  neighbor IBGP next-hop-self route-map RM_iPBR_iACL-1 permit 10 

  neighbor IBGP send-community both  match ip address iACL-1 

  neighbor 10.10.2.2 activate  set ip next-hop 192.168.100.2 

  neighbor 10.10.3.3 activate ! 

  neighbor 10.10.4.4 activate route-map RM_iPBR_iACL-2 permit 10 

  neighbor 10.10.5.5 activate  match ip address iACL-2 

  neighbor 10.10.6.6 activate  set ip next-hop 192.168.100.2 

  neighbor 10.10.7.7 activate ! 

  no auto-summary ip access-list standard iACL-1 

  no synchronization  permit 10.1.1.0 0.0.0.255 

 exit-address-family  deny   any 

 address-family iPBR ! 

  neighbor IBGP send-community both ip access-list standard iACL-2 

  neighbor IBGP next-hop-self  permit 10.2.2.0 0.0.0.255 

  neighbor 10.10.2.2 activate  deny   any 

  neighbor 10.10.3.3 activate ! 

  neighbor 10.10.4.4 activate 
  exit-address-family 
  

К г рац я аршр а ра TR3 
 interface Loopback10 router iPBR 10 

 ip address 10.10.3.3 255.255.255.255  router-id 10.10.3.3 

!  log-adjacency-changes 

interface gi0/1  interface gi0/3 

 description Link-to-BR1  interface gi0/4 

 ip address 10.10.13.2 255.255.255.252  interface gi0/5 

!  interface gi0/6 

interface gi0/2 ! 
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 description Link-to-BR2 router bgp 65535 

 ip address 10.10.23.2 255.255.255.252  bgp router-id 10.10.3.3 

!  bgp log-neighbor-changes 

interface gi0/3  neighbor IBGP peer-group 

 description Link-to-TR4  neighbor IBGP remote-as 65535 

 ip address 10.10.34.1 255.255.255.252  neighbor IBGP update-source Loopback10 

!  neighbor IBGP version 4 

interface gi0/4  neighbor 10.10.1.1 peer-group IBGP 

 description Link-to-AR7  neighbor 10.10.2.2 peer-group IBGP 

 ip address 10.10.37.1 255.255.255.252  neighbor 10.10.4.4 peer-group IBGP 

!  neighbor 10.10.5.5 peer-group IBGP 

interface gi0/5  neighbor 10.10.6.6 peer-group IBGP 

 description Link-to-AR6  neighbor 10.10.7.7 peer-group IBGP 

 ip address 10.10.36.1 255.255.255.252  address-family ipv4 

!   neighbor IBGP next-hop-self 

interface gi0/6   neighbor IBGP send-community both 

 description Link-to-AR5   neighbor 10.10.1.1 activate 

 ip address 10.10.35.1 255.255.255.252   neighbor 10.10.2.2 activate 

  neighbor 10.10.4.4 activate   neighbor IBGP next-hop-self 

  neighbor 10.10.5.5 activate   neighbor 10.10.1.1 activate 

  neighbor 10.10.6.6 activate   neighbor 10.10.2.2 activate 

  neighbor 10.10.7.7 activate   neighbor 10.10.4.4 activate 

  no auto-summary   neighbor 10.10.5.5 activate 

  no synchronization   neighbor 10.10.6.6 activate 

 exit-address-family   neighbor 10.10.7.7 activate 

 address-family iPBR  exit-address-family 

  neighbor IBGP send-community both 
  

К г рац я аршр а ра AR5 
 interface Loopback10  neighbor IBGP remote-as 65535 

 ip address 10.10.5.5 255.255.255.255  neighbor IBGP update-source Loopback10 

!  neighbor IBGP version 4 

interface gi0/1  neighbor 10.10.1.1 peer-group IBGP 

 description Link-to-TR3  neighbor 10.10.2.2 peer-group IBGP 

 ip address 10.10.35.2 255.255.255.252  neighbor 10.10.3.3 peer-group IBGP 

!  neighbor 10.10.4.4 peer-group IBGP 

interface gi0/2  neighbor 10.10.6.6 peer-group IBGP 

 description Link-to-TR4  neighbor 10.10.7.7 peer-group IBGP 

 ip address 10.10.45.2 255.255.255.252  address-family ipv4 

!   neighbor IBGP next-hop-self 

interface gi0/3   neighbor IBGP send-community both 

 description Link-to-iACL-1   neighbor 10.10.1.1 activate 

 ip address 10.1.1.1 255.255.255.128   neighbor 10.10.2.2 activate 

!   neighbor 10.10.3.3 activate 

interface gi0/3   neighbor 10.10.4.4 activate 

 description Link-to-LAN-1   neighbor 10.10.6.6 activate 

 ip address 172.19.1.1 255.255.255.192   neighbor 10.10.7.7 activate 
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!   no auto-summary 

interface gi0/3   no synchronization 

 description Link-to-LAN-2  exit-address-family 

 ip address 10.124.1.1 255.255.255.128  address-family iPBR 

!   neighbor IBGP send-community both 

router iPBR 10   neighbor IBGP next-hop-self 

 router-id 10.10.5.5   neighbor 10.10.1.1 activate 

 log-adjacency-changes   neighbor 10.10.2.2 activate 

 interface gi0/3   neighbor 10.10.3.3 activate 

!   neighbor 10.10.4.4 activate 

router bgp 65535   neighbor 10.10.6.6 activate 

 bgp router-id 10.10.5.5   neighbor 10.10.7.7 activate 

 bgp log-neighbor-changes  exit-address-family 

 neighbor IBGP peer-group 
  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



66 

 

 

 
      ,  

   ,     , 

    .     

        

.        

  .      , 

   ,    

,          

    . 

        

,       . 

       

   .       

      .   

SDN  ,     . 

       

 ,   SDN     

   . 

    ,  ,   

   .      

Policy Base Routing (PBR).   ,    

,      . 

     ,   

  PBR .     

iPBR (Intelectual Policy Base Routing).  iPBR,   

  ,    :   

1.         

  . 



67 

 

2.     , 

      ,    

     .  

3.       

,        .    

     iPBR: 

1. iPBR  -    

 . 

2. iACL     ,    

       . 

3.  iACL      

. 

4.   ,  ,   

      iACL,  ,    

         , 

  . 

5.   END-HOP,   ,     

 iACL,       ,      

. 

6.   END-HOP    

   NEXT-HOP    . 

7.    ,   

      END-HOP,   ACTIVE, 

        ,  

 REZERV. 

8.      

  UPDATE,   ,    

 ,   ,    ,    

   ,        

         iACL. 



68 

 

9.       

 BGP,      ADDRESS-FAMILY,  

       iPBR.  

  ADDRESS-FAMILY    

,       

iPBR.   BGP   NLRI,     

 iPBR.    

10.    AR,     BR, 

     ,     

        

NEXT-HOP,        END-HOP   

         

  .        

12.         

   ,      

 ,         ,  

         

. 

 

 

 

 

 

 

 

 

 

 

 

 



69 

 

   
 

1. , .  .   / . , .  - 
, 2016. - 912 . 

2. , . .  :   / . . . - 
, 2008. - 389 . 

3. , .  . , ,  : 
   / . , .  - , 2016. - 992 . 

4. , .   Cisco IOS IP SLA. [  
] / , . – 2007. –  : 

https://www.securitylab.ru/analytics/309557.php 
5. , . Policy Based Routing (PBR)  . [  ] / , 

. – 2013. –   : http://www.ciscolab.ru/routing/29-policy-based-
routing-pbr-v-primerah.html 
6. , . Cisco PBR [  ] / , . – 2014. – 

 : http://xgu.ru/wiki/Cisco_PBR 
7.   Cisco OER/PfR [  ] – 2011. –  : 
http://www.anticisco.ru/blogs/2011/05/ - -cisco-oerpfr/ 
8. , . -   [  ] / 

, . – . . – 2012. –  : 
https://www.osp.ru/os/2012/09/13032491 
9. RFC 1771. Rekhter Y. / A Border Gateway Protocol 4 (BGP-4) / Y. Rekhter, T. Li. 
– Network Working Group, 1995. – 57 p 
10. RFC 2328. Moy J. / OSPF Version 2 / J. Moy. – Network Working Group, 1998. 
– 244 p. 
11.  , .  CISCO  IP– . .  . / . 

, Tsunami Computing. – .: – , 2003. – 656 . 
12. RFC 1247. Moy J. / OSPF Version 2 / J. Moy. – Network Working Group, 1991. 
– 189 p. 
13. Cisco IOS IP Routing Protocols Configuration Guide Release 12.4 / Cisco 
Systems, Inc., 2006. – 880 p. 
14. Cisco IOS Interface and Hardware Configuration Guide Release 12.4 / Cisco 
Systems, Inc., 2006. – 864 p.  
15. Cisco IOS IP Addressing Services Command Reference Release 12.4 / Cisco 
Systems, Inc., 2006. – 322 p. 
16. , .    Internet, 2-   . / . , . 

-   -   « », 2001. — 448 . 
17.    Quagga [  ] – 2004. –  

: https://www.opennet.ru/base/net/zebra_doc.txt.html 

http://www.anticisco.ru/blogs/2011/05/%d0%b2%d0%b2%d0%b5%d0%b4%d0%b5%d0%bd%d0%b8%d0%b5-%d0%b2-cisco-oerpfr/


70 

 

18.    Quagga [  ] – 2016. –  
: https://habr.com/ru/post/306084/ 

19.  BGP  Quagga [  ] – 2016. –  : 
https://habr.com/ru/post/310736/ 
20. Campus LAN and Wireless LAN. Solution Design Guide – 2020. – 76 . 
 
 

 

 

 

 

 

 

 

  




	1.5.1 IP SLA и Embedded Event Manager (EEM) ............................................   16
	5. Хан, А. Policy Based Routing (PBR) в примерах. [Электронный ресурс] / Хан, А. – 2013. –  Режим доступа: http://www.ciscolab.ru/routing/29-policy-based-routing-pbr-v-primerah.html
	7. Введение в Cisco OER/PfR [Электронный ресурс] – 2011. – Режим доступа: http://www.anticisco.ru/blogs/2011/05/введение-в-cisco-oerpfr/

	8. Смелянский, Р. Программно-конфигурируемые сети [Электронный ресурс] / Смелянский, Р. – Электрон. журн. – 2012. – Режим доступа: https://www.osp.ru/os/2012/09/13032491

