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)
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bsdi $ netstat -rn
Routing tables
Internet:
Destination Gateway Flags Refs Use Interface
default 140.252.13.33 UG 8 0 3 le0
127 127.0.0.1 UG S R 0 2 1lo0
127.0.0.1 127.0.0.1 UH 1 55 100
128.32.33.5 140.252.13.33 UGHS 2 16 1e0
140.252.13.32 link#1 U c 0 0 1le0
140.252.13.33 8:0:20:3:£6:42 UH L 11 55146 1e0
140.252.13.34 0:0:c0:¢2:9b:26 UH L 0 3 1le0
140.252.13.35 0:0:c0:6£:2d:40 UH L 1 12 100
140.252.13.65 140.252.13.66 U H 0 41 slo0
224 link#1 U c 0 0 1le0
224.0.0.1 link#1 UH L 0 5 1e0
18-2 bsdli
1) route sun(140 252 13 33) sun
Internet PPP
2) 127 ( gated)
/etc/netstart route
( 5-27) 127.0.0.1
3) (127.0.0.1) ifconfig
4) vangogh. cs. berkel ey. edu(128.32.33.5) route
( 140.252.13.33)
TCP
TCP 27-3
5) | e0 i fconfig
140.252.13.32
6) sun(140.252.13.33) svr 4(140.252.13.34) ARP
21
7 (140.252.13.35) IP
IP 4.4BSD
21.13
8) 140.252.13.65 i fconfig SLIP
9) 244 route
10) 224.0.0.1( all-host group) Ping 224.0.0.1
“ Ping 224.0.0.1"
18-2 “ Flags’ 18-25

U
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G ( )
H
net st at
1
S 18-2 route
C (clone)
(140.252.13.32) ARP
224
( 224.0.0.1)
L ARP
R ( )
NET/2
127 6.6
4.3BSD Reno IP
0.0.0.0
[Leffler et al. 1998] 11.5
hash hash Net/1
4.3BSD Reno [Sklower 1991]
osl
32 IP
Net/3 Patricia [Sedgewick 1990] (Patricia
Patricia ")
32 bit IP
48 bit XNS osl
Patricia Van Jacobson  [Sklower 1991]

(search key)
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18-3 127.0.0.1 127.0.0.2
127.0.0.1( 1 Oxffffffff) 127.0.0.0(
0xf f000000)
=127.0.0.1 =127.0.0.2
1 7f000001 7f000001 7000002 7f000002
2 7f000001 7f000001 7f000001 7f000000
3 FEFfFfff ff000000 FEFfFfff ff000000
4 1 3 7f000001 7f000000 7f000002 7f000000
2 4
18-3 127.0.0.1 127.0.0.2
127.0.0.1
(127.0.0.1)
18-4 18-2 Net/3 -A net st at
18-4
off——-on
[ bit 32 '
0x00000000
0x££000000
0.0.0.0
0x00000000
127.0.0.0 127.0.0.1 128.32.33.5
0x££000000
offr—
] bit 62
OxfEfffffel 140.252.13.65 224.0.0.0 224.0.0.1
0xEE000000
140.252.13.32  140.252.13.33 140.252.13.34 140.252.13.35
OxFEEfEfe0
18-4 18-2 Net/3
“ endn
0 1 “ end” “ default”

18.9
(internal node) (node)
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Oxffffffff

(
18-4
18-5 sockaddr _in
0 32 63
sockaddr_in: 9 | @ IP (0
1 1 2 4 ) 8
18-5 Internet
IP 32 63 16
2(AF_I1 NET)
IP 18-6
IP
18-4
1
127.0.0.1 _ 32 0
3 1
63 1
(127.0.0.1) (127.0.0.2)

32 bit IP

3333 3333 4444 4444 4455 5555 5555 6666
2345 6789 0123 4567 8901 2345 6789 0123

0000 1010 0000 0001 0000 0010 0000 0011 10.1.23
0111 0000 0000 0000 0000 0000 0000 0001 | 112.0.0.1
0111 1111 0000 0000 0000 0000 €000 0000 { 127.0.0.0
0111 1111 0000 0000 0000 0000 0000 0001 { 127.0.0.1
0111 1111 0000 0000 0000 0000 0000 0011 | 127.0.03
1000 0000 0010 0000 0010 0001 0000 0101 | 128.32.33.5
1000 0000 0010 0000 0010 0001 0000 "0110 | 128.32.33.6
1000 1100 1111 1100 0000 1101 0010 0000 | 140.252.13.32
1000 1100 1111 1100 0000 1101 0010 0001 | 140.252.13.33
1000 1100 1111 1100 0000 1101 0010 0010 | 140.252.13.34
1000 1100 1111 1100 0000 1101 0010 0011 | 140.252.13.35
1000 1100 1111 1100 0000 1101 0100 0001 | 140.252.13.65
1110 0000 0000 0000 0000 0000 0000 0000 | 224.0.0.0
1110 0000 0000 0000 0000 0000 0000 0001 | 224.00.1

18-6 18-2 18-4 IP
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2.
140.252.13.35 32 1
33 0 36 1 57 0 62 1 63 1
140.252.13.35
3.
127.0.0.2 32 0 33 1 63 0
127.0.0.0
(Oxf f 000000)
4,
10.1.2.3 32 0 33 0 “ end” “ default”
0.0.0.0
( end)
( ) 0x00000000
(0)
5.
127.0.0.3 32 0 33 1 63 1
127.0.0.1
63
(Oxf f000000) 127.0.0.0
127.0.0.0 63 0 127.0.0.0
6.
112.0.0.1 32 0 33 1 63 1
127.0.0.1
63
(Oxf f000000)
63 0 127.0.0.0
(112.0.0.0)
63 33

( 32)
(112.0.0.1) (0x00000000)
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320 33 0 “ end” “ default”
0
7.
224.0.0.5 32 1 331 35 0 63 1
224.0.0.1
63 0xff 000000
224.0.0.0
63 0 224.0.0.0
“ ” ( 18-2) 224.0.0.5
Desti nation Gat eway Fl ags Ref s Use I nterface
224.0.0.5 I'i nk#1 UHL 0 0 | e0
18-7 35 18-4
224.0.0.5 HTrel | | ond }
8. 0xE£000000
18-8 o it 63 |20
3-32 _ 54005
, 224.0.0.0 234.0.01
ert_tables radi x_node_head 0x££000000
18-7 224.0.0.5
rt_tabl es[ AF_I NET] Internet 18-6
eradi x_node_head radi x_node
18-4 “ bit 32"
radi x_node 18-4 ( )

radi x_node
rn_inithead
. mask _rnhead radi x_node_head
18-4
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. rtentry 18-8 rtentry
rtentry radi x_node
rtentry
rt_tables[]: radix_node_head{} rtentry({) inpcbh{}
0 radix_node(}
1 S (127.00.1) '\
AF_INET =2 4 radix_node(} route{}
3 radix_node{} (bit 33)
(left end)
radix node{}] —
bit32) A
radix_node{)}
(right end) inpch{}
i route{}
mask_rnhead: radix_node_head{)}
‘ rtentry{}
radix_node({}
(140.252.13.32)
radix node{)} radix_node(} inpcb{}
(bit 33)
radix node{)} [
- route{}
radix_node{}
ifnet: le_softc[0]: sl_softc[0]: loif:
L F itnery C ifnet{) - ifnet() )
arpcom(} s8l_softc() .
ifnet_addrs: 1e_softc{}‘
ifaddr{} 1faddr(} ifaddr()}

sockaddr dil{}

sockaddr_dl{)}

rtentry
i fnet

18-8

5]

sockaddr dl1{}

sockaddr _d1(}

sockaddr_di{)

sockaddr_dl(}

i faddr



Chinaspubecom

TCP/IP 2
rtentry ( )
. UDP TCP ( 22-1) PCB( 22 )
rtentry route IP UDP TCP
PCB route i p_out put
PCB
18.3
4.3BSD Reno
(routing socket) 4.3BSD Reno ( route )
i octl 4.3BSD Reno PF_ROUTE
PF_ROUTE (raw socket)
)
18-9 12 rt_msghdr ( 19-16)
rtmtype 5 ) 12
19
rtmtype
RTM_ADD . . rt-msghdr
RTM_CHANGE . . rt-msghdr
RTM_DELADDR . i fa-msghdr
RTM _DELETE . . rt-msghdr
RTM_GET . . rt-msghdr
RTM_I FI NFO . rt-msghdr
RTM_LOCK . . rt-msghdr
RTM_LOSI NG . rt-msghdr
RTM_M SS . rt-msghdr
RTM_NEWADDR . i fa- msghdr
RTM_REDI RECT . rt-nmsghdr
RTM_RESOLVE . rt-nsghdr
18-9
18.4
C 18-10
rn_ radix Patricia
raw_ rout_ rt_ rt
raw
(routing control block) 32
IP Net/3
( oSl ) PF_ROUTE
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18 Radix
net/radix. h radix
net/raw_chb. h
net/route.h
net/radix.c radix (Patricia )

net/raw_ch.c
net/raw_usrreq.c
net/route.c
net/rtsock.c

| arp, gated, route, —}
1 routed, rwhod !
| socket (PF_ROUTE, SOCK_RAW, protocol) K

sysctl

RTM_DELETE

ioctl
tcp_timers

TCP

ICMP

TCP/IP

rn_addroute

18-11

rn_delete

FE20%:

H19%:

H18%
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18-11
(12 )
rtalloc Internet
ip_rtaddr ip_forward ip_output ip_setmoptions
rtall oc i n_pcbconnect tcp_nss
18-11
earp ARP ARP Net/3 IP ( 21 )
egated routed
( )
eroute
e rwhod sysctl
( )
18-11
18.4.1
18-12
rt_tables struct radi x_node_head *[]
mask_r nhead struct radi x_node_head *
rn_nkfreelist | struct radix_mask * radi x_mask
max_keyl en i nt
rn_zeros char * max_keyl en
rn_ones char * max_keyl en 1
maskedKey char * max_keyl en
rtstat struct rtstat ( 18-13)
rttrash int
rawch struct rawch
raw_r ecvspace | u_Il ong 8192
raw_sendspace | u_l ong 8192
route_ch struct route_chb
rout e_dst struct sockaddr
route_src struct sockaddr
route_proto struct sockproto
18-12
18.4.2
18-13 rtstat
SNMP
18-14 netstatrs

rtstat
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rtstat SNMP
rts_badredirect
rts_dynam c
rts_newgat eway
rts_unreach
rts_wildcard ( )
18-13 rtstat
netstat-rs rtstat
1029 bad routing redirects rts_badredirect
0 dynamically created routes rts_dynam c
0 new gateways due to redirectsrts_newgateway
0 destinations found unreachabl ets_unreach
0 uses of a wildcard route rts-wldcard
18-14
18.4.3 SNMP
18-15 i pRout eTabl e IP
IP index = <ipRouteDest>
SNMP
i pRout eDest rt_key IP 0.0.0.0
i pRout el f I ndex rt_ifp if_index ifIndex
i pRouteMetricl -1 (ipRoute-
Proto) -1
i pRout eMetric2 -1
i pRout eMetric3 -1
i pRout eMetric4 -1
i pRout eNext Hop rt_gat eway IP
i pRout eType ( ) 1= 2= 3= 4=
i pRout eProt o ( ) 1= 4=ICMP 8=RIP, 13=0SPF
14= BGP
i pRout eAge ( )
i pRout eMask rt_mask i pRout eDest 1P
i pRout eMetrich -1
i pRout el nf o NULL MIB
18-15 IP i pRout eTabl e
rt_flags RTF_GATEVWAY i pRout eType
4 i pRout eType 3 i pRout eProto
RTF_DYNAM C RTF_MODI FI ED ICMP 4

1

rt_mask

X )
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18.5 Radix
18-8 radi x_node_head
( ) radi x_node radi x_node_head 18-16
radix.h

91 struct radix_node_head {

radix.h

radi x_ node_head

92 struct radix_node *rnh_treetop;
93 int rnh_addrsize; /* (not currently used) */
94 int rnh_pktsize; /* (not currently used) */
95 struct radix_node *(*rnh_addaddr) /* add based on sockaddr */
96 (void *v, void *mask,
97 struct radix_node_head * head, struct radix_node nodes{]);
98 struct radix_node *(*rnh_addpkt) /* add based on packet hdr */
99 (void *v, void *mask,
100 struct radix_node_head * head, struct radix_node nodes[]);
101 struct radix_node * (*rnh_deladdr) /* remove based on sockaddr */
102 (void *v, void *mask, struct radix_node_head * head);
103 struct radix_node *(*rnh_delpkt) /* remove based on packet hdr */
104 (void *v, void *mask, struct radix_node_head * head);
105 struct radix_node *(*rnh_matchaddr) /* locate based on sockaddr */
106 (void *v, struct radix_node_head * head);
107 struct radix node *(*rnh_matchpkt) /* locate based on packet hdr */
108 (void *v, struct radix_node_head * head);
109 int (*rnh_walktree) /* traverse tree */
110 (struct radix_node_head * head, int (*f) (), void *w);
111 struct radix_node rnh_nodes(3]; /* top and end nodes */
112 ¥;
18-16 radi x_node head
92 rnh_treetop radi x_node

radi x_node ( 18-8)
93-94 rnh_addrsi ze rnh_pktsize
rnh_addrsi ze
rnh_pktsi ze radi x
95-110 rnh_addaddr rnh_wal ktree
18-17 rn_inithead
Net/3 rn_inithead
111-112 18-18 rnh_addaddr rn_addroute
radi Xx_node 18-8 rnh_addpkt NULL
radi x node head rnh_del addr rn_delete
. - - rnh_del pkt NULL
radi X—nOde rtentry rnh_nmat chaddr rn_match
radi x_node r nh_mat chpkt NULL
41-45 rnh_wal ktree rn_walktree

uni on

18-17 radi x_node_head
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Net/3 uni on
#defi ne
41-42 rn_nkli st 18.9 rn_p
43 rn_b
rn_b 18-4 rn_b 32
rn_b -1 (index of the network mask)

18-19 18-4

radix.h

40 struct radix node {

/* list of masks contained in subtree */

41 struct radix_mask *rn_mklist;
42 struct radix_node *rn_p; /* parent pointer */
43 short rn_b; /* bit offset; -1l-index(netmask) */
44 char rn_bmask; /* node: mask for bit test */
45 u_char rn_flags; /* Figure 18.20 */
46 union {
47 struct { /* leaf only data: rn_b < 0 */
48 caddr_t rn_Key; /* object of search */
49 caddr_t rn_Mask; /* netmask, if present */
50 struct radix_node *rn_Dupedkey;
51 } rn_leaf;
52 struct { /* node only data: rn_b >= 0 */
53 int rn_Off; /* where to start compare */
54 struct radix_node *rn_L; /* left pointer */
55 struct radix_node *rn_R; /* right pointer */
56 } rn_node;
57 } rn_u;
58 };
59 #define rn_dupedkey rn_u.rn_leaf.rn_bDupedkey
60 #define rn_key rn_u.rn_leaf.rn_Key
61 #define rn_mask rn_u.rn_leaf.rn_Mask
62 #define rn_off rn_u.rn_node.rn_Off
63 #define rn_1 rn_u.rn_node.rn_L
64 #define rn_r rn_u.rn_node.rn_R .
radix.h
18-18 radi x_node
32 hit IP ( 32-36) - rn_b
3333 3333 4444 4444 4455 5555 5555 6666
2345 6789 0123 4567 8901 2345 6789 0123
00000000 ‘0000 0000 0000 0000 0000 0000 0000 0000 0 -1
££000000: 1111 1111 0000 0000 0000 0000 0000 0000 40 —41
ffffffel: 1111 1111 1111 1111 1111 1111 1110 0000 59 —-60
18-19
0 0 32
44 rn_bmask 0 1
0 rn_bmask rn_off
45 18-20 rn_flags
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RNF_ACTIVE (aive)( rtfree)
RNF_NORMAL ( )
RNF_ROOT
18-20 rn_flags
RNF_ROOT radi x_node_head radix (
)
48-49 rn_key rn_mask
rn_mask 1 (
)
18-21 18-4 140.252.13.32 radi x_node
63 radi x_node{}
radix_ node(}
L rn_mklist
(—_ rn_p 4
rn_b -60 - sockaddr_in{}
rn_bmask 0 s % ~
rn_flags RNF_ACTIVE 140.252. 13 . 32
n_key +——»{16[ 2] 0 [8c[fc]od]20] 0
rn_mask T '
rn_dupedkey NULL
:::L 255.255.255.224
; 8]0 Jee[££[££]e0] 0
radix_mask{} : -
\—»/rm_otf -60
rm_unused 0
rm_flags 0
rm_mklist NULL
rm_mask i
rm_refs 0
18-21 18-4 140.252.13.32 radi x_node
18-22 radi x_mask
radi x_node radi x_mask
18.9
-60 rn_b 59 rn_key sockaddr _in
16 2(AF_I NET) rn_mask rm nmask 8
0( AF_UNSPEC )
50-51 rn_dupedkey 18.9
52-58 rn_off 18.8 rn_l rn_r
18-22 radi x_mask
76-83 rm mask

radi x_node radi x_mask
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rn_mklist
rmnklist rn_nkfreelist
radi x_mask
— radix.h
76 extern struct radix_mask {
77 short rm_b; /* bit offset; -l-index(netmask) */
78 char rm_unused; /* ¢f. rn_bmask */
79 u_char rm_flags; /* cf. rn_flags */
80 struct radix_mask *rm_mklist; /* more masks to try */
81 caddr_t rm_mask; /* the mask */
82 int rm_refs; /* # of references to this struct */
83 } *rn_mkfreelist; i
radix.h
18-22 radi x_nask
18.6
Drtalloc
2)route rtalloc
3)route rtentry
18-8 UDP TCP( 22 ) (PCB) route
18-23
route.h

46 struct route {

47 struct rtentry *ro_rt; /* pointer to struct with information */
48 struct sockaddr ro_dst; /* destination of this route */
49 };
route.h
18-23 route
ro_dst Internet
sockaddr _in ro_dst
8-24 IP
. route
route 0( ro_rt ) UDP TCP PCB
route i p_out put
. route rtentry (ro_rt )
route P
1P so_dst
rtall oc TCP
UDP sendto
. rtalloc ro_rt i p_out put
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. rtentry RTF_GATEWAY ( 18-

2 G ) (dst) IP rt_gat eway

IP
18-24 rtentry
route.h

83 struct rtentry {
84 struct radix_node rt_nodes[2]; /* a leaf and an internal node */
85 struct sockaddr *rt_gateway; /* value associated with rn_key */
86 short  rt_flags; /* Figure 18.25 */
87 short rt_refent; /* #held references */
88 u_long rt_use; /* raw #packets sent */
89 struct ifnet *rt_ifp; /* interface to use */
920 struct ifaddr *rt_ifa; /* interface address to use */
91 struct sockaddr *rt_genmask; /* for generation of cloned routes */
92 caddr_t rt_llinfo; /* pointer to link level info cache */
93 struct rt_metrics rt_rmx; /* metrics: Figure 18.26 */
94 struct rtentry *rt_gwroute; /* implied entry for gatewayed routes */
95 };

96 #define rt_key(r)
97 #define rt_mask(r)

((struct sockaddr *) ((r)->rt_nodes->rn_key))
((struct sockaddr *)((r)->rt_nodes->rn_mask))

route.h
18-24 rtentry
83-84 radi x_node 18-7
rt _nodes[0]
rt_nodes[1] 18-24 #define
86 18-25 rt _flags 18-2 “ Fl ags”
net st at
net st at

RTF_BLACKHOLE ( 5-27)

RTF_CLONING c ( ARP )

RTF_DONE d

RTF_DYNAMIC D ( )

RTF_GATEWAY G ( )

RTF_HOST H ( )

RTF_LLINFO L rt_llinfo ARP

RTF_MASK m ( )

RTF_MODIFIED M ( )

RTF_PROTO1 1

RTF_PROTO2 2 (ARP )

RTF_REJECT R ( 5-27)

RTF_STATIC S (route )

RTF_UP u

RTF_XRESOLVE X ( X.25)

18-25 rt_flags
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net st at RTF_BLACKHOLE RTF_DONE
RTF_MASK
85 RTF_GATEWAY rt_gat eway
( IP ) rt_gwroute rtentry
et her _out put ( 4-15)
87 rt _refcnt 19.3
18-2 “ Refs’
88 rt_use 0 8-24
IP 18-2 “ Use’
89-90 rt _ifp rt_ifa 6-5
rt _ifa
92 rt _Ilinfo
RTF_LLINFO 21-1 ARP
: route.h
54 struct rt_metrics {
55 u_long rmx_locks; /* bitmask for values kernel leaves alone */
56 u_long rmx_mtu; /* MTU for this path */
57 u_long rmx_hopcount; /* max hops expected */
58 u_long rmx_expire; /* lifetime for route, e.g. redirect */
59 u_long rmx_recvpipe; /* inbound delay-bandwith product */
60 u_long rmx_sendpipe; /* outbound delay-bandwith product */
61 u_long rmx_ssthresh; /* outbound gateway buffer limit */
62 u_long rmx_rtt; /* estimated round trip time */
63 u_long rmx_rttvar; /* estimated RTT variance */
64 u_long rmx_pksent; /* #packets sent using this route */ -
65 };
route.h
18-26 rt_netrics
93 18-26 rt_metrics rtentry 27-3 TCP
54-65 rmx_I| ocks
20-13
ARP( 21 ) rnx_expire ARP rnmx_expire
rmexpire
18-28
rtentry 18-2 128.32.33.5 rtentry
radi x_node 18-4 36
i faddr sockaddr _dlI 3-38 6-5 i fnet
l e_softc i faddr in_ifaddr
18.7 route init rtable init
7 domain

18-27

donmmi n
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osl Internet Unix XNS
dom_family AF_ISO AF_INET PF_ROUTE AF_UNIX | AF_NS
dom_init 0 0 route_init | 0 0
dom_rtattach | rn_inithead | rn_inithead | 0 0 rn_inithead
dom_rtoffset | 48 32 0 0 16
dom_maxrtkey | 32 16 0 0 16
18-27 donai n
PF_route
domrtattach rn_inithead
rtentry{}
4 rn_mklist
- rn_p 128.32.33.5
2 rn_b 16[-2] 0 [so[20[21]05] 0 |
g rn_bmask 140.252.13.33
_'a_e.l rn_flags (—>|1612| 0 |8c|fc|0d|21| 0 | =
'E rn_key — N . P _5] e
rn_mask sockaddr_in{} -
L rn_dupedkey g E
| rn_mklist ifnet{} H
- rn_p > if_name <+ le\0 «
? rn_b 36 if_next +—»to SLIP ifnet{}
'§ rn_bmask 0x08 _if_adarlist
.,’.‘.I rn_flags
E: rn_off 4 if_index 1
rn_1 - -
if_unit
q rn_r
rt_gateway ———
rt_flags UGHS
rt_refcnt 2
rt_use 16 ]
rt_ifp 1 - ) I
rt_ifa ~ k. : ifaddr{}
Tt_genmask ifa_addr J»{20]18] 1 J18[3[6]0]1]e]0]o8Joo]20]03]£6[42] o
rt_llinfo ifa_dstaddr
(I Tmx_locks 4 ifa_netmask {»{11]0] 0 JoJoJoJo]ee[es[eefooJoJoofo] o
rmx_mtu N—r ifa_ifp N J
- rmx_hopcount - ifa_next sockaddr_d1{)}
o rmx_expire ifa_rtrequest
~E rmx_recvpipe ifa_flags
§ rmx_sendpipe ifa_refent
o rmx_ssthresh | ifa_metric
H rmx_rtt ifaddr{} 140.252.13 .33
rmx_rttvar \_| 3 ifa_adar +——»{16]2] 0 TJac[tcfoa]21] 0 ]
\_|_rmx_pksent ifa_brdaddr < 140.252.13. 63
Te_gwroute ] Tfanetmask | NI6[2] 0 Jac]ecjoase] 5 |
\—lifa_ifp 255.255,255.224
f':dlz-i‘;;?:?s ifa_next 16]2] 0 [ee[ee[£E[e0] 0
ifa_rtrequest N J
ifa_flags sockaddr_in{}
ifa_refent
ifa_metric

18-28
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dom rt of f set (
) dom nmaxrtkey
sockaddr _in P 32
dom maxrt key sockaddr _in 16
18-29
Tain() /* kernel initialization */

ifinit();

omaininit () /* Figure 7.15 */

{

ADDDOMAIN (unix) ;

ADDDOMAIN (route) ;

ADDDOMAIN (inet) ;

ADDDOMAIN(osi) ;

for ( dp = alldomains ) {
(*dp->dom_init) ();

for ( pr = all protocols for this domain )
(*pr->pr_init) () ;

raw_init ()
{

}

/* pr_init () function for SOCK_RAW/PF_ROUTE protocol */

route_init () /* dom_init () function for PF_ROUTE domain */
{
rn_init();
—rtable_init();

}

rn_init ()
{
for ( dp = all domains )
if (dp->dom_maxrtkey > max_keylen)
max_keylen = dp->dom_maxrtkey;
rn_zeros, rn_ones, masked_key;
rn_inithead(&mask_rnhead); /* allocate and init tree for masks */

}

rtable_init ()

¢ for ( dp = all domains )

) (*dp->dom_rtattach) (&rt_tables [dp->dom_family]);
rn_inithead() /* dom_attach() function for all protocol families */
i radix_node_head H

18-29

mai n domai ni ni t ADDDOMAI N
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domai n dom.init ( )
18-27 route_init dominit 18-30
- route.c
49 void
50 route_init ()
51 {
52 rn_init(); /* initialize all zeros, all ones, mask table */
53 rtable_init((void **) rt_tables);
54 }
route.c
18-30 rout_init
18-32 rn_init
18-31 rtable_init dom
rtattach
- route.c
39 void
40 rtable_init (table)
41 void “**table;
42 {
43 struct domain *dpm;
44 for (dom = domains; dom; dom = dom->dom_next)
45 if (dom->dom_rtattach) :
46 dom->dom_rtattach(&table [dom->dom_family],
47 ) dom->dom_rtoffset);
48 }
route.c
18-31 rtable init domrtattach
18-27 rn_inithead dom rtattach rn
i nithead
18.8 rn_init rn_inithead
18-32 rn_init route_init radix
1 max_keyl en
750-761 domai n max_keyl en
dom maxrtkey 18-27 32( AF_I SO)
0Osl  XNS max_key 16 sockaddr _in
2. rn_zeros rn_ones maskedKey
762-769 max_keyl en rn_zeros
R_Mal | oc mal | oc M_RTABLE
M _DONTWAI T Bcnp Bcopy Bzero Free
18-33

rn_zeros 0 rn_ones 1 maskedKey
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radix.c
750 void
751 rn_init ()
752 {
753 char *cp, *cplim;
754 struct domain *dom;
755 for (dom = domains; dom; dom = dom->dom _next)
756 if (dom->dom_maxrtkey > max_keylen)
757 max_keylen = dom->dom_maxrtkey;
758 if (max_keylen == 0) {
759 printf("rn_init: radix functions require max_keylen be set\n");
760 return; )
761 }
762 R_Malloc{rn_zeros, char *, 3 * max_keylen);
763 if (rn_zeros == NULL)
764 panic("rn_init");
765 Bzero(rn_zeros, 3 * max_keylen);
766 rn_ones = Cp = rn_zeros + max_keylen;
767 maskedKey = cplim = rn_ones + max_keylen;
768 while (cp < cplim)
769 *cp++ = -1;
770 if (rn_inithead((void **) &mask_rnhead, 0) == 0)
771 panic("rn_init 2");
772 } .
radix.c
18-32 rniinit
1, max_keylen »l max_keylen e max_keylen ]
I* r i
[0o00 ... 000[111 ... 111000 --- 0 0 0]
rn_zeros rn_ones maskedKey
18-33 rn_zeros rn_ones  naskedkey
3.
770-772 rn_inithead 18-8
mask _rnhead radi x_node_head
18-27 rn_i ni t head dom attach
18-34 Internet
radi x_node_head
radi x_node ( rnh_treetop
(rn_p)
rnh_nodes[1].rn_b 32 Internet domai n

dom rtof fset ( 18-27)

radi x_node rn_off ( 4)
rn_bmask ( 0x80) radi x_node
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18-4
4 0x40 63
7 0x01
rn_b -33 -1
rt_tables[]: radix_node_head{}
0 | rnh_treetop
1 /—.’ rnh_addrsize |0
AF_INET =2 4 rnh_pktsize 0
3 rnh_addaddr rn_addroute
rnh_addpkt NULL
rnh_deladdr rn._delroute
rnh_delpkt NULL
rnh_matchaddr |rn_match
rnh_matchpkt |NULL
rnh_walktree |rn_walktree
r—» rn_mklist NuLn, ~ T h
K__ rn_p
rn_b -33
y rn_bmask 0
rn_flags ACTIVE | ROOT
rn_key rn_zeros
rn_mask NULL
rn_dupedkey NULL J
>_’ rn_mklist b7 7 3
C - rn_p
rn_b 32
rn_bmask 0x80 |
rn_flags ACTIVE|ROOT
rn_off 4
\\~—————u rn_1
C— myr | D
rn_mklist NULL 3
—T rm_p
rn_b -33
rn_bmask 0
rn_flags ACTIVE|ROOT
rn_key rn_ones
rn_mask NULL
rn_dupedkey IEUI.J._, ______ J
18-34 rn_inithead Internet radi x_node_head

O(rn_zeros)
RNF_ROOT

(mount point)

(

(

1(r n_ones)
RNF_)

(NFS)

radi x_node_head

)

rt _tables

33

radix_node(}
rnh_nodes[0]

radix _node{}
rnh_nodes[1]

radix_node{}
rnh:_nodes[2]
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18.9

rn_dupedkey

radi x_node
radi x_node

rn_nklist radi x_mask
18-4 “end” “ default’
RNF_ROOT ( 18-34 rnh_nodes[0]) 0
255.255.255.255 (
Net/3 radix
18-35 0 rn_flags
RNF_
radix_node{}
rn_mklist A
f rn_p
rn_b 32
rn_bmask 0x80 18.4 22
rn_flags ACTIVE|ROOT
rn_off 4
33 rn_left
rn_right y
radix_node{}
rn_mklist NULL
rn_p
rn_b -33
rn_bmask 0
rn_flags ACTIVE | ROOT
rn_key +— 0
rn_mask NULL /' Yn_zeros:
Frn_dupedkey
radix_node{}
| rn_mklist
{ rn_p
rn_b -1
rn_bmask 0
rn_£flags ACTIVE A 0.0.0.0
rn_key +—|+{16]2] 0 JooJoo[oo[o00]
rn_mask S N )
rn_dupedkey  |NULL sockaddr_in
radix_mask{}
p. rm off -1
rm_unused 0
rm_flags 0
rm_mklist NULL
rm_mask 1
rm_refs 0

18-35 0
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— 184 32
( rn_b ) rn_dupedkey
18-34 rnh_nodes[0] “ end”  —
RNF_ROOT rn_inithead rn_zeros
rn_key 0.0.0.0 sockaddr _in
0 rn_mask
rn_zeros
“ end”
rn_key ( RNF_ROOT rn_inithead( 18-34)
end rn_zeros “ end”
rn_ones
radi x_mask
radi x_mask
18-4
127.0.0.1 127.0.0.0 A
0oxf f 000000 A 24 bit 16 bit 8 bit
127.0.0 oxffffffoo
bsdi $ route add 127.0.0.0 -netnask Oxffffff00 140 252 13 33
127
Internet ( )
0 off
127
127.0.0.1

OxXEEE££££00

(Oxffffffff) 1 0500 0x££000000
127.0.0.2 0x00000000
oxffffffoo 0
Oxff 0000 127.0.2.3
0 000000 st ct2100
18-36 0x££000000
18-4 33 18-36 127.0.0.0
127.0.0.0
18-37 radi x_nod radi x_mask
radi x_node radi x_mask ( 63)
Oxffffffoo Oxf f 000000
radi x_node(rn_b -57 )

radi x_node

Oxff 000000
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radix_node{}

rn_mklist 7
f rn_p
rn_b 63
rn_bmask 0x01
rn_flags ACTIVE 63
rn_off 7
-rn_left
rn_right E y
radix _node{} —Lv radix node(} for 127.0.0.1
| rn_mklist
rn_p
\ rn_b -57
rn_bmask 0 : sockagdr_in
rn_flags ACTIVE “ 127.0.0.0
rn_key +——»{16]2] 0 [7£foo]oo]o0] 0
rn_mask e
- rn_dupedkey .
C radix node{} 7]0JoJoJee[££[££]00] 0
 rn_mklist
rn_p
rn_b -41
rn_bmask 0 sockaddr_in
rn_flags ACTIVE r 127.0.0.0
rn_key +—|——»{16]2] 0 [7£[oo]oo]00] -0
rn_mask E
rn_dupedkey NULL E
—/:]5|0}0|0|ff|00|00|00] 0
radix_mask{}

g rm_off -57

rm_unused 0
rm_flags 0
- mklist
e
rm_mask p S—
rm_refs 0
radix_mask({}
L» rm_off -41
rm_unused 0
rm_flags 0
rm_mklist NULL
rm_mask I R ——
rm_refs 0
18-37 127.0.0.0
( C oxffffffo0)

18.10 rn_match

rn_match Internet rnh_mat chaddr
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rtallocl ( rtallocl rtalloc
1)
( 18-38)
2)
3) ( 18-43)
18-38 rn_match
; radix.c
135 struct radix_node *
136 rn_match(v_arg, head)
137 void *v_arg;
138 struct radix_node_head *head;
139 {
140 caddr_t v = v_arg;
141 struct radix_node *t = head->rnh_treetop, *x;
142 caddr_t cp = v, cp2, cp3;
143 caddr_t cplim, mstart;
144 struct radix_node *saved_t, *top = t;
145 int off = t->rn_off, vlen = *(u_char *) cp, matched_off;
146 /*
147 * Open code rn_search(v, top) to avoid overhead of extra
148 * subroutine call.
149 */
150 for (; t->rn_b >= 0;) {
151 if (t->rn_bmask & cpl[t->rn_off])
152 t = t->rn_r; /* right if bit on */
153 else
154 t = t->rn_1; /* left if bit off */
155 }
156 A
157 * See if we match exactly as a host destination
158 */
159 cp += off;
160 cp2 = t->rn_key + off;-
161 cplim = v + vlen;
162 for (; cp < cplim; cp++, cp2++)
163 if (*cp 1= *cp2)
164 goto onl;
165 /*
166 * This extra grot is in case we are explicitly asked
167 * to look up the default. Ugh!
168 */
169 if ((t->rn_flags & RNF_ROOT) && t->rn_dupedkey)
170 t = t->rn_dupedkey;
171 return t; :
172 onl: ,
radix.c
18-38 rn_natch
135-145 v_arg head
radi x_node_head ( 18-17)
head
of f rn_off ( Internet 4 18-34)
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vl en ( Internet 16)
1
146-155
(rn_b 0) rn_bmask
rn_off Internet rn_off 4 5 6 7
2.
156-164 rn_off
18-39 Internet
vlen=16
off =4 |
—>|
sockaddr_in: (lleg) P ( 0
Tbyte 1 2 1
t - : |
v_arg 12 i
18-39 sockaddr_i n
onl
sockaddr_in 8 0 (proxy
ARP)(21.12 ) IP
IP ( 8 0) IP
( 8 )
18-39 vl en rtall ocl
family port
3.
165-172 18-35 0
RNF_ROOT RNF_ROOT
rn_dupedkey ( 18-35 )
“ end” ( 0 )
“ end” ( 1 ) t RNF_ROQOT
rtallocl
rn_match
18-40
173-174 cp mat ched_of f
175-183 do while
18-4 IP
140.252.13.60

140.252.13.32( 62 63  0)
18-41 18-40  for
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radix.c
173 matched_off = ¢cp - v;
174 saved_t = t;
175 do {
176 if (t->rn_mask) {
177 /*
178 * Even if we don’t match exactly as a host;
179 * we may match if the leaf we wound up at is
180 * a route to a net.
181 */
182 cp3 = matched_off + t->rn_mask;
183 cp2 = matched_off + t->rn_key;
184 for (; cp < cplim; cp++)
185 if ((*cp2++ ~ *cp) & *cp3++)
186 break;
187 if (cp == cplim)
188 return t;
189 cp = matched_off + v;
190 }
191 } while (t = t->rn_dupedkey);
192 t = saved_t; .
radix.c
18-40 rn_natch
140.252 . 13 . 60
search key: 8c|fc]od]3c] 0 ]
| »l
[ matched_off =7 ol .
radix_node(} T T cplim
rn_mklist v cp
rn_p
rn_b -60 cp2
rn_bmask 0
rn_flags RNF_ACTIVE 140 .252. 13 Y 32
rn_key g8c|fc[od]20] 0 |
rn_mask :
rn_dupedkey 255 . 255 . 255 . 224
ff[E£[£E]e0] 0 |
cp3
18-41
sockaddr _in
max_keyl en 0
184-190
(  181)
IP 18-42 IP
140.252.13.188 57 62 63
0 18-41
(140.252.13.60) o(

0)
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=140.252.13.60 =140.252.13.188
(*cp): 0011 1100 = 3c 1011 1100 = bc
(*cp2): 0010 0000 = 20 0010 0000 = 20
0001 1100 1001 1100
(*cp3): 1110 0000 = eO 1110 0000 = eO
0000 0000 1000 0000
18-42
191
rn_mat ch 18-43
- radix.c
193 /* start searching up the tree */
194 do {
195 struct radix_mask *m;
196 t = t->rn_p;
197 if {(m = t->rn_mklist) ¢
198 /* s
199 * After doing measurements here, it may
200 * turn out to be faster to open code
201 * rn_search_m here instead of always
202 * copying and masking.
203 */
204 off = min(t->rn_off, matched_off};
205 mstart = maskedKey + off;
206 do {
207 cp2 = mstart;
208 cp3 = m->rm_mask + off;
209 for (cp = v + off; cp < cplim;)
210 *Ccp2++ = *Cp++ & *Cp3++;
211 x = rn_search(maskedKey, t);
212 while (x && xX->rn_mask != m->rm _mask)
213 x = x->rn_dupedkey;
214 if (x &&
215 . (Bcmp (mstart, x->rn_key + off,
216 vlen - off) == 0))
217 return x;
218 } while (m = m->rm_mklist);
219 }
220 } while (t != top):;
221 return 0;
222 };
radix.c

18-43 rn_match

193-195 do while

196 t
197-210
rn_nklist radi x_node

radi x_mask

radi x_node
do while
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140.252.13.188

maskedKey

140.252.13.32

radix node{

18-44 for

18-4

OxffffffeO
62

140.252 . 13 . 188
8c [ fc [ 04 [bc |

»l
A

matched_off=7
}

t —® rn_mklist

cp

rn_p

rn_b

62

rn,_bmask

2

rn_flags

RNF_ACTIVE

rn_off

7

rn_left

rn_right

radix_mask{

}

rm_off

rm_unused

rm_flags

rm_mklist

rm_mask

rm_refs

for
maskedKey
maskedKey

maskedKey

Oxa0 Oxbc(188

211 rn_search

18-4
Bcnp

140.252.13.

maskedKey:

>

I off=7

mstart
cp2

18-44

18-48 )

rn_search(
18-45

l off=7

mstart

18-45 rn_search naskedkey

) OxeO( )

18-45

32 Oxa0 62 63 0 18-46
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radix_node{)

x—» rn_mklist

rn p

rn_b

rn_bmask

rn_flags

rn_key

rn_mask

rn_dupedkey

maskedKey: |

radix _node{}

140.252. 13 . 32

8c[fcJodf20]

0

18-46 naskedkey

off =7

|

| vlen - off=9 |

I "

i 20| 0 |

»

™

mstTart

140.252. 13 . 188
8c [fc [ 0d[be | 0 |

<

t—»rn mklist
(_ rn_p

rn_b 32
rn_bmask 0x80
rn_flags ACTIVE|ROOT
rn_off 4
rn_left
rn_right

radix mask{}
@‘ rm_off
rm_unused

rm_flags
rm_mklist
rm_mask -

+ rn_dupedkey
( radix_node{}

rm_refs

radix_node{}

rn_mklist NULL

rn_p

rn_b -33
rn_bmask 0

rn_flags ACTIVE | ROOT

- rn_key

rn_mask

NULL

rn_mklist

rn_p

rn_b

rn_bmask

rn_flags

ACTIVE

rn_key
~———rn_mask

rn_dupedkey

18-47

|
matched_off=7 b

cpIim
0
0 |
ol
bt }

vlen - off=12

mstart
0.0.0.0
00 JooJooJoo] 0
rn_search
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212-221 whi | e
rn_mask m >r m_mask 18-36 18-37
63 do while m radi x_mask
oxffffffooO rn_search 127.0.0.0
rm mask m >r m mask Bcnp m
radi x_mask ( Oxf f 000000) do
whi | e rn_search 127.0.0.0
rn_mask m >rm mask While rn_mask m
>r m_mask
140.252.13.188 62
rn_nklist
18-47 maskedKey ( 0)
rn_search ( ) 18-4
“ default”
rn_search X rn_b -33 radi x_node
X->rn_mask( ) m>rm mask
x->rn_dupedkey X whi | e X-rn_mask
m >r m_mask whi | e Bcnp nmet art 12 0
x->rn_key 4 12 0 X
18.11 rn_search
rn_match rn_search
18-48
radix.c
79 struct radix_node *
80 rn_search(v_arg, head)
81 void *v_arg;
82 struct radix_node *head;
83 {
84 struct radix node *x;
85 caddr_t v;
86 for (x = head, v = v_arg; x->rn_b >= 0;) {
87 if (x->rn_bmask & v[x->rn_off])
88 X = X->Irn_r; /* right if bit on */
83 else
90 X = x->rn_1; /* left if bit off */
91 }
92 return (x);
93 }; ,
radix.c

18-48 rn_search

18-38
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0 1
18.12
IP IP IP
1P
Internet route route
UDP TCP IP Internet
Internet route
Patricia
Patricia Patricia
[Sklower 1991] radix
Net/1 radix Net/1
18.1 18-3
18-40
18.2 Net/3 20 000 (U )

18.3 radi x_node
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